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The relevance of this research is determined by the need to improve the efficiency of protein utilization and reduce the cost of 

poultry products through the use of highly bioavailable protein and amino acid components, which corresponds to modern trends in 

sustainable and energy-efficient feeding. The study aimed to evaluate the effectiveness of complex enrichment of compound feeds 

with high-protein feed yeast (46%) and the “Progloat” additive (19%), which contains a balanced complex of amino acids, vitamins, 

and microelements, in ensuring optimal protein nutrition and maintaining physiological homeostasis in laying hens. This article pre-

sents a fragment of comprehensive research on the intensity of metabolic processes in laying hens under conditions of quantitative 

and qualitative modification of dietary protein, including the use of bioelements in the form of nanoaquacitrates and enzyme supple-

ments to maximize digestible protein absorption and minimize feed conversion and nutrient emissions. The data presented focus on 

the effects of dietary correction on selected biochemical indicators in the blood and liver. It was found that the optimal feeding regime 

for Lohmann Brown laying hens included 19% of the innovative protein concentrate “Progloat” and 3.5% of high-protein (46%) feed 

yeast, with a simultaneous replacement of inorganic mineral premixes by citrate forms of trace elements (Zn, Mn, Fe, Cu, Co, Se, I) at 

25% of their control diet content. Under such dietary correction, no negative dynamics of the serum biochemical profile were ob-

served. The total protein content in the blood of all groups remained stable and depended mainly on protein quality rather than its 

quantity. The use of innovative protein supplements enhanced protein utilization and increased total hepatic protein and proteolytic 

enzyme activity. Additionally, the calcium concentration in the blood correlated with increased eggshell strength, which rose by 4.1% 

compared to the control. The practical value of this study lies in the scientific justification for introducing innovative protein additives 

into production diets to increase the biological value of feeds, improve product quality, and reduce resource consumption.  

Keywords: blood; protein concentrate; feed yeast; microelement citrates.  

Introduction  

 

For the maximum realization of the genetic potential of high-yiel-

ding breeds and crosses of laying hens, all factors related to manage-

ment, feeding, environment, and general health must operate at an op-

timal level (Underwood et al., 2021). It is well established that feed 

plays a decisive role in achieving this goal and has a substantial impact 

on production costs (Shim et al., 2013).  

The modern poultry feeding system is based on balancing diets ac-

cording to the content of essential nutrients (proteins, fats, carbohydra-

tes) and biologically active substances (micro- and macroelements, vita-

mins, amino acids) (Weber, 2009; Mousavi et al., 2018). For laying 

hens, as for other types of poultry, dietary protein is a key nutrient (Bry-

den et al., 2021). The quality of protein nutrition depends not only on 

the total amount of protein consumed but also on the quantitative and 

proportional composition of amino acids in the diet, which is crucial for 

providing the bird with the plastic material required for normal synthesis 

of body, egg, and feather proteins (Bunchasak et al., 2005).  

The amino acid profile of a diet can be balanced in several ways: by 

increasing the proportion of major protein feed components to the re-

quired level; by selecting and combining feed ingredients based on their 

amino acid composition; or by supplementing feed mixtures with syn-

thetic or microbiologically produced amino acids (Liu et al., 2024). 

Overall, the poultry industry is interested in novel, easily digestible 

protein substrates for use in laying hen nutrition, as they contribute to 

higher productivity, improved feed conversion efficiency, and reduced 

nitrogen emissions to the environment.  

At present, the evaluation of dietary protein value and the regulation 

of protein nutrition in poultry are still commonly based on crude protein 

(CP) content, i.e., the total nitrogen compounds per 100 g of complete 

feed (Pirgozliev et al., 2024). Crude protein remains one of the primary 

components of poultry diets and is essential for maintaining health, 

growth, productivity, and vital physiological processes. Compared with 

growing birds, laying hens have lower dietary CP requirements; thus, 

determining the optimal CP level in their diets to maximize performan-

ce or economic efficiency requires a better understanding of the protein 

needs of laying hens (Alagawany et al., 2016; Kralik et al., 2018).  

The effect of dietary CP levels on egg production remains contro-

versial. Some studies have reported that hens fed diets containing more 

than 16% CP produced more eggs than those receiving 14% or less 

(Meluzzi et al., 2001; Bunchasak et al., 2005; Abd El-Maksoud et al., 

2011). Other studies, however, found no significant effect of CP content 

on egg production in diets containing 12–16% (Zeweil et al., 2011), 14–

17% (Hsu et al., 1998), or even 16–20% CP (Junqueira et al., 2006). 

The feasibility of reducing dietary CP levels in laying hens to 15% is 

also supported by our previous studies. We found that lowering CP, 

while supplementing the diet with the innovative high-protein concen-

trate “Progloat” as a partial replacement for soybean meal, resulted in 

higher egg production and improved eggshell strength (Hunchak et al., 

2023).  

The level of crude protein in poultry diets can be reduced by sup-

plementing feeds with crystalline amino acids. This approach enables 

the application of the “ideal protein” concept in feed formulation, there-

by improving amino acid utilization and reducing nitrogen excretion 

(Keshavarz & Austic, 2004). However, when formulating such diets, it 

is essential to consider the potential influence of these additives on feed 

intake intensity in hens (Tavernari et al., 2013; Lelis et al., 2014). 

Of particular interest are studies investigating the effectiveness of incor-

porating high-protein (46%) feed yeast containing various amino acid 

profiles into the diets of laying hens (Fathima et al., 2023).  

Mineral nutrition also plays an important role in poultry production. 

Certain bioelements directly or indirectly participate in vital biological 

processes in the body of laying hens, provide protection against stress 

factors, and affect both productivity and egg quality. To achieve the full 
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beneficial potential of mineral supplementation in laying hen diets, at-

tention must be paid to the sources, dosages, and bioavailability of the 

added elements (Zafar & Fatima, 2018; Byrne et al., 2023).  

For many years, micronutrient deficiencies in poultry diets have 

been compensated by the inclusion of bioelements in inorganic forms 

such as sulfates, chlorides, or carbonates within premixes. However, 

these inorganic compounds are characterized by relatively low absorpti-

on rates. Increasing their concentrations to achieve optimal assimilation 

in the organism may lead to toxicity in birds (Bao & Choct, 2009; Zafar 

& Fatima, 2018), as well as to excessive mineral excretion and environ-

mental accumulation (Byrne & Murphy, 2022).  

Therefore, finding ways to introduce biogenic elements into poultry 

diets in easily assimilable forms is of great practical importance. A pro-

mising direction is the use of organic mineral compounds produced via 

electro-explosive dispersion technology within the framework of nano-

technology. Microelements in aquacitrate form possess high biological 

activity, are better absorbed, and are more efficiently utilized in metabo-

lic processes. Our previous studies confirmed the effectiveness of repla-

cing inorganic mineral salts in guaranteed mineral premixes used in 

poultry feeds with a mixture of the same elements in nano-citrate form 

(Hunchak et al., 2018; Medvid et al., 2018; Hunchak et al., 2021). 

The amounts of organic forms of Fe, Co, Mn, Zn, Cu, I, and Se introdu-

ced into the diets were several times lower than the quantities of these 

same elements in inorganic form within traditional mineral premixes.  

The aim of this study was to determine the effect of modifying the 

quantitative and qualitative composition of dietary protein, combined 

with the replacement of the inorganic mineral premix by a mixture of 

the same bioelements in nano-citrate form of nanotechnological origin, 

on the biochemical parameters of blood in laying hens.  

 

Materials and methods  

 

The housing, feeding, care, and all experimental manipulations 

with animals were carried out in accordance with the European Con-

vention for the Protection of Vertebrate Animals Used for Experimental 

and Other Scientific Purposes (Strasbourg, 1986) and the General Ethi-

cal Principles of Experiments on Animals approved by the First Natio-

nal Congress on Bioethics (Kyiv, 2001). All experimental procedures 

were conducted in compliance with the principles of humanity stated in 

the Directive of the European Community.  

The experiments were performed under vivarium conditions at the 

Institute of Animal Biology of the National Academy of Agrarian Sci-

ences of Ukraine (Lviv, Ukraine), taking into account results obtained in 

our previous studies. In particular, we previously confirmed the feasibi-

lity of including the sunflower-based protein concentrate “Progloat”, an 

innovative product developed by specialists of the Dnipro Plant Potoky 

(Ukraine), in the diets of laying hens, and demonstrated its feeding effi-

ciency compared to soybean meal (Hunchak et al., 2023). However, the 

potential for using this high-protein concentrate in combination with 

citrate forms of trace elements (as a replacement for the inorganic mine-

ral premix) remains of scientific interest.  

Laying hens of the Lohmann Brown breed, 150 days of age, were 

divided into three groups: one control (C) and two experimental groups 

(E1 and E2). The housing and feeding conditions complied with the te-

chnological requirements for cage rearing of laying hens. All birds re-

ceived a complete balanced compound feed (CF) formulated to meet 

their nutrient and bioactive substance requirements. The diets differed in 

both the quantity and quality of crude protein (CP). Hens of the control 

group received feed containing 17% CP, whereas hens of the experi-

mental groups were fed diets containing 15% CP. In groups E1 and E2, 

soybean oil and sunflower meal were partially replaced with the sunflo-

wer protein concentrate “Progloat” at 19.0% and 17.2%, respectively, 

and supplemented with high-protein (46%) feed yeast at 3.5% and 

5.0%, respectively.  

At the same time, the control group received a mineral premix 

(MP) containing Zn, Mn, Fe, Cu, Co, Se, and I in inorganic salt form, 

whereas in the experimental groups, this premix was replaced by a mix-

ture of the same elements in citrate form, added at a level corresponding 

to 25% of their total content in the control diet. Phytase was added to the 

feed of all groups to enhance mineral utilization.  

“Progloat” is a novel innovative product developed by specialists of 

the Dnipro Plant “Potoky” (Ukraine) and produced using nanotechnolo-

gical processing of sunflower seeds. This technology ensures gentle de-

naturation without disrupting the primary protein structure or destroying 

amino acids. According to the developers, the digestibility coefficients 

of the sunflower protein concentrate are 90.6% for protein, 85.9% for 

fat, 9.7% for fiber, and 60% for nitrogen-free extractive substances 

(Hunchak et al., 2023).  

The composition of the high-protein yeast included (g/kg): threoni-

ne – 3.99; serine – 4.19; proline – 3.44; glycine – 4.08; alanine – 4.70; 

valine – 4.93; isoleucine – 4.23; leucine – 7.65; tyrosine – 2.90; lysine – 

7.24; phenylalanine – 4.06; cystine – 1.11; histidine – 1.94; arginine – 

4.06; methionine – 2.11.  

The mixture of citrate forms of bioelements was developed and 

kindly provided for this study by the researchers of LLC “Nanomateri-

als and Nanotechnologies” (Kyiv, Ukraine). The microelements, produ-

ced using nanotechnology, possess enhanced bioavailability and de-

monstrate efficiency at significantly lower doses compared with their 

inorganic and chelated analogs.  

Throughout the experimental period, the physiological state of 

hens, feed intake, livability, and egg production were monitored. At the 

end of the experiment, the birds were slaughtered and biological materi-

al was collected for laboratory analysis. Serum samples were analyzed 

for total protein, albumin, cholesterol, triglycerides, urea, calcium, phos-

phorus, creatinine, and the enzymatic activities of alanine aminotrans-

ferase (ALT), aspartate aminotransferase (AST), and alkaline phospha-

tase (ALP) using a Humalyzer 2000 biochemical analyzer.  

Statistical analysis of blood parameters was performed using a per-

sonal computer with the Statistica 7.0 software package (StatSoft Inc., 

USA). Graphical representations were created in Statistica 7 according 

to standard algorithms. The results are presented as arithmetic means 

and standard deviations (x ± SD). Differences between control and ex-

perimental groups were evaluated using the Tukey test, with statistical 

significance accepted at P < 0.05.  

 

Results  

 

The concentration of total protein in the blood serum is a relatively 

stable indicator, which was also confirmed by the results of our study 

(Table 1). In the experimental groups, there was a clear trend toward an 

increase in total protein content compared with the control group: by 

8.6% (P < 0.05) in the first experimental group and by 5.2% in the se-

cond. This indicates the activation of protein synthesis as a result of the 

improved amino acid composition of the feed and enhanced protein di-

gestibility. All values remained within physiological limits, confirming 

the balanced nature of the diets. It can also be assumed that with a hig-

her proportion of digestible protein in the diet, its utilization by the birds 

improves. Despite the fact that a certain portion of protein was excreted 

through egg production, the overall assimilation efficiency remained 

high; during the experimental period, the egg production of hens in 

groups E1 and E2 exceeded that of the control by 2.8% and 1.9%, re-

spectively.  

The albumin level in the first experimental group was slightly lower 

than in the control, which may be due to more intensive utilization of 

albumins as a plastic material for egg synthesis. In contrast, in the sec-

ond experimental group, its concentration increased significantly (P < 

0.05), indicating more efficient plasma protein synthesis and adequate 

amino acid supply.  

Creatinine (57.82–59.17 µmol/L) and urea (2.09–2.12 mmol/L) 

concentrations did not differ statistically from the control group and 

remained within physiological ranges. This suggests the absence of any 

disturbances in liver or kidney function and confirms that the protein 

supplements used did not cause toxic metabolic load.  

Triglyceride levels remained virtually unchanged, whereas the con-

centration of cholesterol in the blood of hens in both experimental gro-

ups was lower than in the control – by 9.0% and 12.7% (P < 0.05), res-

pectively. This may indicate an intensification of lipid metabolism and 

more active utilization of lipids for yolk formation, which has a positive 

effect on the reproductive performance of laying hens. The content of 

inorganic phosphorus in the blood decreased from 5.31 to 4.62 mmol/L 
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(P < 0.05), while the calcium concentration, on the contrary, increased 

from 6.03 to 6.92 mmol/L (P < 0.05). The elevated calcium level corre-

sponded with the improvement in eggshell strength observed in the 

experimental groups, indicating more efficient absorption of macroele-

ments and a balanced calcium–phosphorus metabolism.  

Table 1  

Biochemical parameters of blood serum of laying hens  

under changes in the quantitative and qualitative composition  

of dietary protein (x ± SD, n = 5)  

Indicator 
Group of hens 

control experimental 1 experimental 2 

Total protein, g/L 54.9 ± 2.0a 59.7 ± 1.6b 57.8 ± 2.5ab 

Albumin, g/L 22.50 ± 0.64ab 19.93 ± 1.17a 23.89 ± 0.64b 
Creatinine, µmol/L 57.5 ± 1.7a 57.8 ± 1.3a 59.2 ± 1.2a 

Urea, mmol/L 2.10 ± 0.07a 2.12 ± 0.05a 2.09 ± 0.07a 

Triglycerides, mmol/L 10.27 ± 0.15a 10.35 ± 0.12a 10.23 ± 0.11a 

Cholesterol, mmol/L 4.01 ± 0.15b 3.65 ± 0.12a 3.50 ± 0.16a 

Phosphorus, mmol/L 5.31 ± 0.07b 4.90 ± 0.10ab 4.62 ± 0.08a 

Calcium, mmol/L 6.03 ± 0.12a 6.92 ± 0.09b 6.63 ± 0.11ab 

Alanine aminotransferase, 

U/L 
18.20 ± 1.01b 16.87 ± 0.92a 18.14 ± 0.84b 

Aspartate aminotransfer-
ase, U/L 

303.4 ± 9.3b 270.3 ± 8.0a 289.5 ± 9.3ab 

Alkaline phosphatase, U/L 498 ± 21a 589 ± 27b 522 ± 20ab 

Note: letters indicate significant differences between the groups within one line (P < 

0.05) according to the Tukey test.  

The activity of alanine aminotransferase (ALT) and aspartate ami-

notransferase (AST) reflects the intensity of protein and energy metabo-

lism, as well as the functional state of the liver in hens. According to the 

obtained data, ALT activity in the blood remained stable across all 

groups and did not differ significantly from the control values, indica-

ting normal transamination processes. At the same time, AST activity in 

hens of the first experimental group decreased by 20% (P < 0.05) com-

pared with the control, which may suggest a reduction in the intensity of 

catabolic processes in the liver and a more efficient utilization of amino 

acids in anabolic pathways. In the second experimental group, AST 

activity was also lower than in the control, although the difference did 

not reach statistical significance.  

However, the De Ritis ratio did not change significantly and re-

mained within the reference range. It was 16.67 in the control group and 

16.02 and 15.96 in hens of the first and second experimental groups, 

respectively.  

The activity of serum alkaline phosphatase (ALP) is determined by 

the intensity of metabolic processes occurring in various organs, from 

which the enzyme is released into the bloodstream. An increase in ALP 

activity within physiological limits is often associated with enhanced 

calcium and phosphorus metabolism between bone tissue and the or-

ganism. The activity of this enzyme typically rises in animals during 

periods of intensive growth and development, and in laying hens – 

during egg formation and oviposition.  

In our study, a significant increase in ALP activity (P < 0.01) was 

observed in the blood of hens from the first experimental group com-

pared with the control. This may be due to an adaptive physiological 

response associated with increased egg production and improved egg-

shell strength. Alkaline phosphatase plays an essential role in eggshell 

formation, facilitating the transport of calcium ions. Therefore, the ele-

vated ALP activity observed in laying hens likely reflects the activation 

of calcium metabolism processes occurring during the period of egg-

shell mineralization and egg laying.  

It was found that the simultaneous inclusion of the “Progloat” addi-

tive (19%) and high-protein feed yeast (3.5%) in the diets of hens in the 

first experimental group resulted in an increase in total protein content in 

liver tissues by 6.7% (P < 0.05) compared with the values observed in 

the control group (Table 2).  

Similar results were obtained in the study of proteolytic enzyme ac-

tivity in the liver. In particular, these findings indicate the absence of 

protease inhibitors in the experimental compound feeds. It was estab-

lished that proteolytic activity was significantly higher (P < 0.01–0.05) – 

by 16.5% and 14.8%, respectively – in the liver of hens from both ex-

perimental groups compared with the control group.  

Table 2  

Individual indicators of protein metabolism  

in the liver tissues of laying hens (x ± SD, n = 5)  

Indicator 
Group of hens 

control experimental 1 experimental 2 

Soluble proteins, g/kg 63.5 ± 1.2a 67.8 ± 1.1b 65.9 ± 1.9ab 

Proteolytic enzyme ac-

tivity, µkat/g protein 
3.44 ± 0.08a 4.01 ± 0.14b 3.95 ± 0.20b 

Amino nitrogen, mg/g 2.78 ± 0.05ab 2.63 ± 0.03a 2.89 ± 0.04b 

Alanine aminotransfer-

ase, U/g tissue 
3.90 ± 0.20a 4,10 ± 0.20b 4.10 ± 0.18b 

Aspartate aminotrans-
ferase, U/g tissue 

15.97 ± 0.16a 16.03 ± 0.22a 16.23 ± 0.16b 

 

The increase in protein content in the liver tissues of experimental 

birds may also be attributed to the elevated proteolytic activity, as hy-

drolytic digestive enzymes themselves are proteins. In our study, a 

decrease in the content of amino nitrogen in the liver tissues of laying 

hens from the first experimental group by 5.4% (P < 0.05) was obser-

ved. Such results may be associated with the intensive transport of ami-

no acids from the liver to the oviduct, where they participate in the syn-

thesis of specific egg proteins.  

The total content of free amino acids in the blood and tissues of 

birds is used to assess the intensity of digestion and the breakdown of 

feed nutrients. It is evident that the changes observed in the studied para-

meters are related to the composition of the diet, rather than to the ove-

rall crude protein content in the compound feed.  

 

Discussion  

 

Blood serves as a mediator in all metabolic processes and maintains 

constant contact (through interstitial fluid) with all organs and tissues, 

reflecting all internal physiological changes both quantitatively and 

qualitatively (Ostapyuk & Gutyj, 2018). The study of changes in the 

biochemical parameters of blood serum is therefore of great importance, 

particularly in relation to feed quality and the productivity of laying 

hens. Alterations in protein metabolism are a key objective indicator of 

the physiological state of an organism, both under normal and patholog-

ical conditions, as proteins play an essential role in the formation of 

enzymatic and hormonal systems. Consequently, any changes in their 

concentration in the blood affect the overall metabolism of the animal 

(Kim & Kang, 2022).  

The results of the present study indicate that the use of innovative 

protein-based feed additives contributed to the optimization of protein 

metabolism and the maintenance of metabolic homeostasis in laying 

hens. The concentration of total serum protein remained within physio-

logical limits and showed no significant intergroup differences, which is 

consistent with the findings of other researchers (Gutyj et al., 2019; 

Ostapyuk & Gutyj, 2020). This confirms the stability of protein metabo-

lism under conditions of increased digestible protein in the compound 

feed. The improvement in protein utilization is likely associated with a 

more balanced amino acid profile of the diet, particularly through the 

optimization of lysine, methionine, and threonine ratios – amino acids 

known to be limiting in the nutrition of laying hens.  

The increased total protein content and higher proteolytic enzyme 

activity in liver tissues suggest an activation of anabolic processes in 

hepatocytes. The absence of protease inhibitors in the compound feed 

confirms the high biological value of the protein components used. 

In contrast, the observed decrease in amino nitrogen levels in the liver 

may result from the intensive transport of amino acids to the oviduct, 

where they participate in the synthesis of specific egg proteins. Thus, 

hens in the experimental groups exhibited a well-balanced interaction 

between hepatic protein metabolism and reproductive organ function.  

The final products of protein catabolism in the avian organism are 

ammonia, uric acid, and nitrogen-containing compounds such as crea-

tine, creatinine, and others. Ammonia, being toxic to the body, is detoxi-

fied in the liver, where it is converted into urea that is excreted with 

urine. The concentration of urea in the blood serum of birds indicates 

the functional state of the kidneys’ excretory capacity and the liver’s 

detoxification activity (Simoyi et al., 2002). Among the key diagnostic 

indicators of the lipid profile are serum triglyceride concentrations. 
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The synthesis of adipose tissue, fat deposition, and yolk formation in 

domestic birds depend on their levels in the bloodstream.  

The intensity of protein metabolism in various tissues can be evalu-

ated by studying the activity of aminotransferases, which transfer amino 

groups from amino acids to keto acids, and alkaline phosphatase, which 

participates in protein synthesis. It is known that rapid mobilization of 

protein components to meet energy demands – under conditions such as 

insufficient or imbalanced feeding and various stress factors – is associ-

ated with adaptive, hormone-stimulated biosynthesis of specific ami-

notransferases, primarily those involved in gluconeogenesis, including 

aspartate and alanine aminotransferases, as well as aminotransferases of 

aromatic amino acids. Fluctuations in enzyme activity in the blood 

serum of laying hens are thought to be associated with the physiological 

state of the organism, its structural features, and even the level of egg 

production. Therefore, determining aminotransferase activity is im-

portant for an objective assessment of the physiological state of birds 

and, consequently, the balance of their feeding.  

The content and ratio of essential amino acids (lysine, methionine, 

tryptophan, threonine, arginine, leucine, isoleucine, phenylalanine, cysti-

ne) – which cannot be synthesized by birds – are critical for protein syn-

thesis in their bodies. According to various authors, the most deficient or 

limiting amino acids in modern poultry diets are lysine, methionine, and 

threonine, or alternatively, cystine, tryptophan, and arginine (Frikha 

et al., 2009; Duarte et al., 2010; Duarte et al., 2013). It should be noted 

that feeds of animal origin contain more essential amino acids than 

plant-based ones. A deficiency, absence, or imbalance of essential ami-

no acids in poultry diets leads to impaired protein utilization, disruption 

of metabolic processes, and reduced productivity (Goulart et al., 2011; 

Ostapyuk & Gutyj, 2020; Kidd et al., 2021).  

Thus, the combined inclusion of high-protein feed yeast (46%) and 

the “Progloat” additive in the diets of laying hens had a beneficial effect 

on metabolic processes, hepatic enzyme activity, and reproductive func-

tion. The obtained results are consistent with modern research data (Ba-

shchenko et al., 2010; King et al., 2013; Gutyj et al., 2019) and confirm 

the feasibility of using amino acid–enriched feed additives to improve 

productivity and the biological efficiency of poultry feeding.  

 

Conclusion  

 

It was established that the optimal feeding strategy for Lohmann 

Brown laying hens involves the inclusion of the innovative protein con-

centrate “Progloat” at a level of 19% and high-protein feed yeast (46%) 

at 3.5%, along with the replacement of the mineral (inorganic) premix 

by a citric form of the same trace elements (Zn, Mn, Fe, Cu, Co, Se, I) at 

25% of their content compared to the control group’s diet. Under such 

dietary correction, no negative changes were observed in the biochemi-

cal profile of the hens’ blood serum. At the same time, it was shown that 

the total protein content in the blood of hens across all groups remained 

at a similar level and depended not on the quantity of consumed protein 

but rather on its quality. Thus, an intensification of protein assimilation 

by the birds was observed, even alongside increased egg production, as 

confirmed by the elevated levels of total proteins and proteolytic en-

zyme activity in the liver. An increase in calcium concentration (P < 

0.05) in the blood serum of hens correlated with the eggshell strength 

index, which rose by 4.1% (P < 0.01) compared with the control, indi-

cating enhanced mineral metabolism and improved eggshell quality.  
 

The authors declared no conflicting interests.  
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