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Abstract

The purpose of this work is to conduct comprehensive studies aimed at studying the effect of modulated stress of cage density in the
poultry houses on the body of domestic cross-breed of the broilers “Smena-9”, in particular -on the chemical composition, some
qualitative characteristics and antioxidant status of their muscle tissue. An experiment was conducted in the conditions of the
physiological yard of the Federal Research Center for Animal Husbandry named after Academy Member L. K. Ernst in 2023 on
2 groups of the broilers (n=40, N=_80) (control group and experimental group) of the domestic cross-breed of the broilers “Sme-
na-9”. The control group was kept under the conditions of the cage density recommended for this cross-breed (Stress-). The poultry
cage density in the experimental group (Stress +) was increased by 10 % from the 2Ist day of the poultry's life in order to create
stress conditions. To study the effect of modulated stress on the composition and quality of meat, we conducted poultry slaughter-
ings at the age of 24 (n=10, N=20), 34 (n=10, N=20) and 52 (n=10, N=20) days. Stress led to significant changes in the pH of
the breast flesh: 45 minutes after slaughter, the index was 5.55 versus 5.59 units (p =0.004), and 24 hours later — 5.44 versus 5.60
units. (p=0.08). The values of the WHC of the experimental group were also lower than those in the control group on the 34" and
52" days. The stress factor under study was not critical for the development of acute oxidative stress; the greatest changes were
observed in age dynamics. There is a decrease in the pH of the breast flesh depending on the age aspect (p < 0.05) in both groups.
On day 52, there was a significant (p < 0.01) decrease in TAC content in the breast of poultry of both groups, in the heart muscle in
the control group (p=0.06) and the experimental group (p < 0.001), there was an increase in the activity of SOD and catalase. The
data obtained will allow the development of ways to regulate the quality of poultry products.
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Introduction

Poultry meat products are a popular product among
the population due to their relatively low cost and rich
chemical composition [1]. Poultry meat is a rich source of
omega-3 fatty acids, and its use in human nutrition pro-
vides a positive effect on vascular health [2].

Since 2016, poultry meat has occupied a leading posi-
tion in the structure of meat products consumption in the
Russian Federation, and the volumes of this production are
growing annually [3].

In terms of broilers meat production, Russia is one
of the leading countries, occupying the fifth place in the
world ranking. In January-September 2024, poultry meat
production in Russia (in live weight) exceeded the figure
for the same period last year by 2.4% and amounted to
5.2 million tons [4].

To meet the growing demand for poultry meat, selec-
tion and breeding work is continuously carried out to
improve the efficiency of broiler poultry farming, aimed

at obtaining fast-growing breeds. But poultry health and
the quality of poultry products may negatively correlate
with the level of metabolic processes [5,6]. In addition, the
impact of thermal, physiological, process stresses, includ-
ing transport stress affecting the body leads to a decrease
in the quality of poultry products [7,8]. There are occur-
rences of various myopathies, changes in the texture and
taste of meat, which leads to a decrease in consumer de-
mand [9]. It is known, for example, that heat stress causes a
decrease in protein content and an increase in fat in chick-
en meat [10]. An explanation for this mechanism is given
in the work of Zaboli et.al. [11]. It has been shown that an
increase in corticosterone secretion causes an increase in
protein breakdown and an increase in fat deposition [11].
In another study, cage density stress in poultry negative-
ly affected breast muscle pH [12]. Under the influence of
stress, the color of muscle tissue can change towards the
development of a darker shade of color [13]. Thus, a high-
er cage density contributes to the change in color of the
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chicken breast and the production of a paler coloring [14].
These researchers also assessed liver color because of its
important role in fatty acid synthesis. Broilers kept at cage
density of 29 kg/m? had the lowest relative liver weight and
featured red liver color, while broilers who were bred at
cage density of 37 kg/m? had a more yellow liver color [15].
Both chronic and short-term heat stress can contribute not
only to negative color changes, but also to a decrease in
muscle pH, water-holding capacity (WHC), and juiciness
of meat [16]. In the study of Liu et.al [16] it was noted that
chronic heat stress reduces the density of muscle fibers, in-
creases the content of connective tissue and leads to intra-
cellular vacuolization. Transcriptome analysis in this study
showed that the effect of stress on meat quality was asso-
ciated not only with metabolism and oxidative stress, but
also with impaired transduction, violated immune system,
cell growth and cell death.

In the Liao et al. [17] experiment, the pre-slaughter
transportation of broilers led to the generation of reactive
oxygen forms, increased antioxidant capacity in the mito-
chondria of the pectoral muscle, thus contributing to the
development of meat PSE.

The purpose of this work is to conduct comprehensive
studies aimed at studying the effect of modulated stress of
cage density in the body of domestic cross-breed broilers
"Smena-9" on the chemical composition, some qualitative
characteristics and the antioxidant status of muscle tissue
(thighs and breasts). The data will be useful for developing
effective strategies aimed at improving poultry products
derived from fast-growing poultry crosses.

Objects and methods

2 groups of broilers (n=40, N=80) (control group and
experimental group) of the domestic cross-breed of broiler
"Smena-9" were formed in the physiological yard of the
Federal Research Center for Animal Husbandry named af-
ter Academy Member L. K. Ernst and an experiment was
conducted on those two groups. As the main ration for
chickens of all groups, total mixed ration made of com-
pound feeds were used, in due relevance to the poultry
growing periods: from 0 till 11th day — starting compound
feed (till 11th day), during the period of growth (12-26'
day) — growth mix was given, and the finishing period
(27-52" day) — the poultry received the finishing ration.
(Table 1).

The broilers were kept in the specialized cages for BB-1
broilers (Stimuli Group LLC, Russia). When determining
the normal and increased cage density, we were guided by
the relevant standards for working with meat cross-breed
of poultry "Smena 9".. The control group was kept under
the conditions of the recommended cage density for this
cross (Stress-). The poultry cage density in the experimen-

Efimov, D.N., Egorova, A.V., Emanuilova, Zh.V., Ivanov, A.V., Konople-
va, A.P., Zotov, A.A. et al. (2020). Manual for working with poultry of meat
cross-breed “Smena 9” with autosexing maternal parent form. Sergiev Posad:
All-Russian Research and Technological Poultry Institute, 2020.

Table 1. Composition and nutritional value of concentrates for broilers

g T w»E
2 =2 £3
Item - £ g. % g "§ E.
5 &8 &8 £8
Wheat % 35.00 40 55
Corn % 24.00 20 10
Wheat bran % — — 5
Full-fat soybeans % — 9 5
Soybean meal % 26.00 9 10
Sunflower cake % 5.00 14.4 10
Sunflower oil % 0.60 — —
Fish meal % 1.70 — —
Feed yeast % 3.00 3 3
;gs(;)ne monochlorhydrate % 0.20 0.2 0.2
Feed methionine 98 % % 0.30 0.3 0.3
Monocalcium phosphate % 1.20 1.2 1.2
Feed chalk % 1.80 1.8 1.8
Salt % 0.20 0.2 0.2
Premix P5-1 % 1.00 1 1
Nutritional values
Metabolizable energy Kcal/100g 308.00 313.00 315.30
Metabolizable energy MJ/kg 12.90 13.10 13.20
Dry matter % 89.42 89.28 91.47
Crude protein % 2291  21.03 19.98
Crude fat % 3.21 4.92 3.73
Linoleic acid % 1.64 2.61 2.01
Crude fiber % 4.32 5.41 5.12
Crude ash % 3.41 3.10 3.07
NES % 52.15 50.82 55.69
Starch % 34.32 34.74 38.72
Sugar % 3.30 2.83 2.79
Lysine % 1.28 1.03 0.97
Methionine % 0.63 0.61 0.58
Methionine + cystine % 0.96 0.93 0.87
Threonine % 0.79 0.70 0.64
Tryptophan % 0.28 0.25 0.24
Arginine % 1.35 1.25 1.13
Valin % 1.03 0.96 0.91
Histidine % 0.55 0.50 0.46
Glycine % 0.97 0.92 0.84
Isoleucine % 0.96 0.87 0.81
Leucine % 1.48 1.36 1.25
Phenylalanine % 1.02 0.91 0.86
Tyrosine % 0.71 0.62 0.58
Ca % 1.04 0.95 0.95
P % 0.74 0.71 0.74
Na % 0.13 0.11 0.11
Cl % 0.22 0.21 0.21
Vitamin A mln. IU/t  12.00 12.00 12.00
Vitamin D3 mln. IU/t  4.00 4.00 4.00
Vitamin E % 30.00 30.00 30.00
Vitamin K % 4.00 4.00 4.00
Vitamin B1 % 4.00 4.00 4.00
Fe % 40.00 40.00 40.00
Cu % 20.00 20.00 20.00
Zn % 100.00 100.00 100.00
Mn % 120.00 120.00 120.00
Se % 0.30 0.30 0.30
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tal group (Stress +) was increased by 10 % from the 21st day
of the poultry's life to create stress conditions. The length
of the poultry cage was 0.99 m, the width was 0.61 m, and
the cage area was 0.60 m” On a weekly basis, the area of
the cage for poultry of the experimental group was adjust-
ed using sliding plywood partitions as the live weight of the
poultry increased (the standard for poultry weight was the
value of the cage area "minus"” 10 %).

Table 2. Poultry cage density in groups 2, 3 and 4 (Stress +)

. 2 =

= o 3 =X
£ 3% g= ®
Live weight, & _5 - =2 _§ z g 2 _:.
k g% 3 S S S < L=
J £S8E 538 +3 2 =
e s g 2E& = » 3 & ==
S8 g% ] g S
Ya” @ =5 'g -9 %D e QL
EES Z55 &8 S ol
0.3-0.4 72 17 79.2 0.21 2.09
0.4-0.5 66 17 72.6 0.23 2.28
0.5-0.7 61 17 67.1 0.25 2.47
0.6-0.8 55 12 60.5 0.20 2.74
0.7-0.9 50 12 55 0.22 3.01
0.8-1.0 46 12 50.6 0.24 3.27
0.9-1.1 42 12 46.2 0.26 3.58
1.1-1.2 38 12 41.8 0.29 3.96
1.3-14 32 12 35.2 0.34 4.70
1.5-1.6 28 7 30.8 0.23 5.38
1.7-1.8 26 7 28.6 0.24 5.79
1.9-2.0 23 7 25.3 0.28 6.55
2.1-2.2 21 7 23.1 0.30 7.17
2.3-2.6 17 7 18.7 0.37 8.86

To study the effect of modulated stress on the compo-
sition and quality of meat, we performed poultry slaugh-
terings at the ages of 24 (n=10, N=20), 34 (n=10, N=20)
and 52 (n=10, N=20) days and the following parameters
were evaluated: chemical composition of meat (dry mat-
ter (GOST 33319-2015%), fat (GOST 23042-2015°) and ash
(GOST 31727-2012 (ISO 936:1998)*). Crude protein con-
tent was calculated. Fatty acid composition of abdominal
fat (GOST R55483-2013°) (gas chromatograph GC2010,
Shimasu, Japan), meat pH — using a Testo 205 pH meter
(China); water holding capacity — these values were as-
sessed by pressing method according to Grau and Hamm
in the modification of Volovinskaya; the amount of water-
soluble antioxidants (AWSA)- was assessed on the device
Tsvet-Yauza-01-AA (Khimavtomatika, Russia) by the am-

2 GOST 33319-2015 “Meat and meat products. Method for determination
of moisture content”. Moscow: Standartinform, 2019. Retrieved from https://
docs.cntd.ru/document/1200123927 Accessed May 17, 2025 (In Russian).

3 GOST 23042-2015 «Meat and meat products. Methods of fat determina-
tion». Moscow: Standartinform, 2019. Retrieved from https://docs.cntd.ru/
document/1200133107. Accessed May 17, 2025 (In Russian).

4GOST 31727-2012 (ISO 936:1998) «Meat and meat products. Determi-
nation of total ash». Moscow: Standartinform, 2013. Retrieved from https://
docs.cntd.ru/document/1200098742. Accessed May 17, 2025 (In Russian).

> GOST R55483-2013 «Meat and meat products. Determination of fatty
acids composition by gas chromatography». Moscow: Standartinform, 2019.
Retrieved from https://docs.cntd.ru/document/1200103852/ Accessed May
17, 2025 (In Russian).

perometric method. The activity of glutathione peroxidase,
catalase, the concentration of glutathione reduced, total an-
tioxidant status (TAS), superoxide dismutase (SOD) were
assessed, using commercial Elabscience kits ("Elabscience
Biotechnology, Inc.", China) on the Immunochem-2100
device (High Technology, Inc., USA).

The content of mineral components was determined
using the following methods. The calcium content of meat
was determined according to Methodological recommen-
dations for chemical and biochemical studies of livestock
products and feeds® The phosphorus content of meat was
determined according to Methodological recommenda-
tions for chemical and biochemical studies of livestock
products and feeds® The magnesium content of meat was
determined according to Methodological recommenda-
tions for chemical and biochemical studies of livestock
products and feeds®.

The methods are described in more detail in our previ-
ous publication [18].

Studies were carried out with approval by the bioethical
commission (No. 3, May 27, 2022). The experiments were
carried out in accordance with the requirements of the
Federal Law of the Russian Federation’, the Declaration of
Helsinki®, the European Convention for the Protection of
Vertebrate Animals Used for Experimental and Other Sci-
entific Purposes’

Mathematical and statistical processing of the results
was implemented with the help of Microsoft Office Excel
2003, STATISTICA 10 (Statistica 13RU, StatSoft, USA) us-
ing methods of variance and factor analysis, involving the
Dunnett's test and Tukey's test, t-test. The differences were
considered as statistically significant at p <0.05, highly sig-
nificant at p <0.01; p<0.001.

Results and discussion

Poultry meat is an important source of high-quality
proteins, fats and minerals [19]. In recent years, due to the
active development of industrial poultry farming and the
emergence of fast-growing poultry crosses, attention has
been paid to the poultry meat product quality. Food qual-
ity is a complex concept that includes a set of properties
closely related to physical and chemical characteristics,
texture, and taste that satisfy the consumer [20]. Consum-
ers are increasingly paying attention to the quality, safety

6Drozenko, N.P., Kalinin, V.V., Raetskaya, Yu. L. (1981). Methodological
recommendations for chemical and biochemical studies of livestock products
and feed. Dubrovitsy, 1981.

7 Federal Law of the Russian Federation dated December 27,2018 No. 498-
FZ “On the responsible treatment of animals and on amendments tocertain
legislative acts of the Russian Federation.”Retrieved from https://docs.cntd.
ru/document/552045936. Accessed May 17, 2025 (In Russian).

8 WMA Declaration of Helsinki — ethical principles for medical research
involving human subjects Retrieved from https://www.wma.net/policiespost/
wma-declaration-of-helsinki-ethical-principles-for-medical-research-involv-
ing-human-subjects/ Accessed May 17, 2025.

9ETS No. 123, Strasbourg, 1986) (European Convention for the Protection
of Vertebrate Animals used for Experimental and Other Scientific Purposes.
Retrieved from https://rm.coe.int/168007a67b. Accessed May 17, 2025.
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and nutritional value of meat, directly linking them with
an animal’s welfare.

The stress of poultry cage density leads to the develop-
ment of heat stress, which provides a negative impact on
feed consumption and digestion efficiency, meat quality
and livestock safety [21].

The analysis of the chemical composition of the meat
of the "Smena 9" cross-breed broilers in age dynamics
(Table 3) showed that there were no significant changes
in the chemical composition of the thigh flesh both in the
control group and the group under the influence of the fac-
tor being studied. Changes in the moisture content, basic
organic substances and mineral substances were not signif-
icant on the 24th, 34th and 52nd days taken into account.
With age, there was a certain trend (p =0.07) to accumulate
Ca in the poultry meat of the control group, in contrast
to the experimental group, where these changes were not
noted. At the end of the experiment, there were no differ-
ences in the ratio of moisture and protein in poultry thigh
meat (3.63 versus 3.62, respectively in the control group
and experimental group).

According to [22] various cage densities practiced dur-
ing the first 10 days of poultry growing do not significantly
affect slaughter yield parameters, abdominal fat content,
carcass yield, color and pH values in breast and thigh meat.
It is concluded that growing broiler chickens with dividing
the area of the poultry house in half during the first 10 days
of their lives (36 chickens/m?) can help increase overall
farming productivity due to ease of maintenance, efficient
heating and better control of livestock.

On the other hand, in [23] it was noted that live weight,
breast weight, leg weight, and fat weight increase linearly
along with age. Conversely, the ratio of water to protein,
breast fat, and breast collagen values decrease linearly
along with age.

It is noted that the age of poultry slaughter is reflected
in the amino acid composition. For example, amino acids,
peptides, and phospholipids predominated in young chick-
ens, especially in the pectoral muscles of Lueyang black-
bone chickens. The study of the amino acid composition
of muscles is of great practical importance in assessing
the quality of meat, as it determines the taste properties.
We plan to study this issue in our further research [24].

In our studies, some age-related changes also occurred
in the muscle tissue of the poultry breast of the control
group. Thus, breast fat and magnesium levels decreased
in the broilers of the control group at the age of 34 days
(p<0.05). In the experimental group of the broilers, these
changes were leveled, apparently, under the influence of the
stress factor. Stress negatively affects the quality of broiler
breast meat, including the fat content. Some studies [25]
show that chronic heat stress (CTS) increases fat deposi-
tion in broilers. CTS affected meat quality parameters such
as acidity (it decreased), tenderness, and water holding
capacity (it increased). Stress contributed to a decrease in
subcutaneous and intramuscular fat in Arbor Acres broil-

ers, while increasing the abdominal fat content in Beijing
You chickens [8].

The poultry is very sensitive to oxidative reactions.
Transport, feed, veterinary and temperature stresses in-
crease the level of oxidative reactions in cells of various
tissues, which leads to the occurrence of oxidative stress.
At the end of the experiment, a lower ratio of moisture and
protein was found in poultry breast meat exposed to the
influence of stress (3.01 in the experimental group versus
3.10 in the control group), which is probably related to the
stressful effects of housing conditions.

The spectral characteristics of indoor lighting can also
affect the quality of poultry meat. For example, it was
found that higher rates of juice loss were found in breast
meat samples obtained from the broilers grown under neu-
tral and cold LED lighting. At the same time, the levels of
fatty acids changed [26].

The results of the study indicate that prolonged exposure
to stress on the broiler’s body significantly affects the metab-
olism of the pectoral muscle of fast-growing broiler chickens.
Apparently, the pectoral muscle, compared with the femoral,
is more deeply involved in the energy and protein metabo-
lism of the stressed broilers, which may have important con-
sequences for energy homeostasis in the body and growth
indicators [27]. This is also shown in our work. The great-
est changes in the chemical composition of muscle tissue are
found in the breast meat. It can be concluded that breast is an
indicator of changes in metabolic status of the body.

Magnesium is one of the essential macronutrients for
the body of animals and poultry. The lack of magnesium in
the diet of chickens causes a slowdown and then cessation
of growth, excessive excitability and death of the poultry.
Despite its involvement in numerous biological functions,
magnesium (Mg) supplementation is usually overlooked in
the broiler diet. Magnesium supplementation implements
a clear interaction with the absorption/accumulation of
Calcium in the blood and its accumulation in the pectoral
muscles. The addition of magnesium can provide a positive
effect on certain meat quality indicators, such as WHC and
color. The magnesium supplement protects against protein
oxidation in the liver and plasma of the broilers. This effect
may be associated with increased catalase activity in such
tissues. Magnesium supplementation [28] reduces the inci-
dence of myopathies by almost 2 times. In our studies, the
broilers of the experimental group at the age of 34 days had
a higher magnesium content in the breast flesh (p <0.05) in
comparison with the control group.

Numerous studies have shown that intensive genetic
breeding and improved feeding programs have increased
the growth rate, feed digestion efficiency, and meat pro-
ductivity of broiler chickens. Unfavorable conditions of
housing can negatively affect the quality and composition
of poultry meat [13].

An important feature of meat is an improper change
in the pH value during autolysis, which leads to a signifi-
cant change in quality parameters. For example, one study
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compared the initial pH of the pectoral muscle of broiler
chickens exposed to stress and that of the poultry that were
not exposed to it. The stressed poultry showed a higher ini-
tial pH (6.24 vs. 6.10, p<0.0001) [29].

In general changes in meat acknowledged as PSE are re-
lated to temperature, pH and postmortem glycolysis, and in
addition, muscle tissue type, poultry genotype and stress fac-
tor play a major role. pH measured at 24 hours after slaugh-
ter is considered a predictor of technological qualities [30].
Lu et al. [31] emphasized that increased mitochondrial en-
ergy production during early heat stress inevitably increased
the level of reactive oxygen species and caused permanent
oxidative stress, therefore lowering the pH at 24 hours.

It should also be noted that changes in the chemical
composition of the breast of broilers exposed to stress of
cage density at the age of 34 days (13 days after the onset of
stress) are observed in an increase in fat and magnesium
levels (Table 3). By day 52nd, significant differences be-
tween the groups were observed only with respect to mag-
nesium content. At the same time, the fat level also tends to
increase in the group of poultry with stress (p=0.13). The
qualitative characteristics of broiler meat of the experimen-
tal groups in age dynamics are presented in the Table 4. We
found that the stress to which the poultry was subjected
led to significant changes in the pH of the breast flesh. So,
45 minutes after slaughter, the concentration of hydrogen
ions in breast meat was 5.55 versus 5.59 units (p=0.004),
and after 24 hours — 5.44 versus 5.60 units. (p=0.08). In
general, it is considered that the optimal pH level of broiler
breast meat (measured 24 hours after poultry slaughter)
is 5.5-6.2, a value of 5.44 indicates signs of poor-quality
meat of PSE category. At the same time, there is a decrease
in the pH of the breast flesh in the age aspect (p<0.05)
in both the control and experimental poultry groups. The
age-related decrease in pH is probably associated with the
intensive growth of poultry in the final fattening period.

Since red muscle fibers contain more myoglobin and
hemoglobin and less glycogen compared to white, they
are less susceptible to developing PSE. We found a more
pronounced decrease in the pH of thigh flesh in the age-
related aspect in the group of poultry exposed to stress.
A significant decrease in pH (p<0.05) was noted in this
group both 45 minutes after slaughter and within 24 hours,
which confirms the negative effect of the stress factor being
under study. In contrast to the experimental group, in the
control group the pH of the thigh flesh decreased with age
only 24 hours after slaughter.

Oxidative stress occurs when there is an excess of oxi-
dants and a deficiency of enzymatic and non-enzymatic
antioxidants. Oxidative stress can cause damage to the cell
membranes, causing disruption of the integrity of the struc-
ture, and then the nucleus, which leads to cell death [32].

We have studied the content of water-soluble antioxi-
dants combination in breast, thigh, liver and heart flesh, as
well as the content of glutathione in breast flesh. We found
that there were no significant differences between the con-

trol group samples and the experimental group samples on
the 24th, 34th and 52nd days. This indicates that the stud-
ied factor (a decrease in content value as a chronic factor
of influence) was not critical for the development of acute
oxidative stress. There was no more significant consump-
tion of antioxidants in the experimental group. At the same
time, a detailed analysis of the age-related dynamics of the
content of the studied antioxidants in organs and tissues
indicates that there were no changes in the content of TAS
in both breast and thigh flesh along with age, as well as in
the concentration of glutathione in breast flesh (p>0.05).
At the same time, on the 52nd day there was a signifi-
cant (p<0.01) decrease in TAS in the liver of both control
groups samples and experimental group samples, as well
as an accumulation of TAS in the heart muscle: there was
a trend of its accumulation in the control group (p=0.06),
while in the experimental group it was significantly high-
er (p<0.001). We assume that the genetic factor played a
significant role in this case, and the content factor we are
studying is secondary. The same can be noted in the con-
tent of enzymes in the flesh of the breast (SOD, catalase).
No intergroup differences were found on the 24th, 34th,
and 52nd days being considered.

The study reports that stress can increase the activity of
antioxidant enzymes in the liver and serum [33], as well as
the expression of superoxide dismutase and catalase genes
in the spleen [34]. Other authors have observed a signifi-
cant increase in the level of reduced glutathione in the liver
of broilers exposed to heat stress [35].

It has been shown that regardless of the duration of
stress, it can cause a deterioration in the quality of meat,
a decrease in water holding capacity, changes in color, tex-
ture, smell, and shelf life shortening.

WHC is one of the most important indicators of meat
quality, as lean meat contains 75 % water, which can be lost
during slicing, cooking, or storage. These losses directly af-
fect the sensory properties (for example, reduce the juici-
ness) during processing and delivery of meat to the consum-
er [36]. WHC which directly affects the color and tenderness
of meat, is one of the most important functional properties
of raw meat. Increasing the water content in muscles, which
increases their tenderness, juiciness, elasticity and appear-
ance, improves the quality and economic value of meat [37].
The disruption of protein structures and their denaturation
(under the influence of high temperatures and low pH)
leads to a decrease in their ability to hold water, which deter-
mines the color, soft structure and increased wateriness in
PSE meat. This leads to an increase in drip loss or a decrease
in moisture retention. In our study, there were no significant
changes in the WHC value in both the experimental poul-
try group and the control group, although there was a slight
downward trend in the values of this parameter with age,
both in the flesh of the breast and in the flesh of the thigh.
At the same time, the values of the WHC of the experimen-
tal group were lower than in the control group on the 34t
and 52nd days, which is probably due to the effect of the
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stress factor, which also correlated with the values (decrease)
of pH during this period.

In another study, on the contrary, the WHC of broiler
chicken meat was higher under the influence of heat stress,
as evidenced by their lower losses during draining com-
pared with the control group (not exposed to stress) [25].
An increase in the WHC of meat has also been observed
by other researchers when the poultry was exposed to high
cage density in poultry rearing [38].

Cluster analysis (Figure 1) indicates the mutual depen-
dence of the studied parameters and can have a predic-
tive aspect to identify factors leading to deterioration in
product quality. The dendrogram shows the presence of a
close correlation between the pH values and the AWSA in
organs and tissues, which correlation must be taken into
account in further programs for rearing and feeding inten-
sively growing young poultry. In addition, WHC of the tis-
sues is closely related to the activity of antioxidant enzymes
(SOD, catalase).

Breast pH-45
Thigh pH-24
BreastpH-24 |
Thigh pH-45 |
AWCA in the heart
AWCA in the liver

AWCA in the breast
AWCA in the thigh

SOD in the breast
Catalase in the meat

Thigh WHC ———
Breast WHC |——

Glutathione in breast

0 20 40 60 80 100
Distance

Figure 1. Results of cluster analysis on the correlation between

antioxidant content in meat in various tissues and the distance

The correlation between qualitative parameters of broiler
chicken muscle tissue and antioxidant capacity has also been
shown in the works of other authors. For example, a decrease
in WHC in muscles was accompanied by a decrease in lipid
peroxidation products [39]. According to the authors, a de-
crease in the WHC index is an undesirable phenomenon,
since breast muscles with higher lightness and lower ability
to hold water are prone to the formation of meat of PSE cat-
egory [40]. Other researchers have found negative correla-
tions between the pH of broiler breast meat and WHC [41].

Given the close correlation between the antioxidant
status of the body and the quality of meat, research aimed
at developing and using various sources of antioxidants
in nutrition is promising, especially during periods of
the poultry exposure to climatic, technological and feed
stresses. The use of dietary sources of antioxidants may be
a good strategy for the prevention and control of oxida-
tive stress. Positive effects of antioxidant applying include
increased live weight gain, slaughter yield, and improved
quality of meat. The use of antioxidants in feed may reduce
muscle lipid breakdown and improve meat stability.

Conclusion

As a result of comprehensive studies, it has been estab-
lished that the modulated stress conditions of poultry cage
density provide an impact on the composition and qual-
ity parameters of the muscle tissue (thighs and breasts) of
broiler chickens. Changes were noted only in the pecto-
ral muscle of the poultry and depended on the age of the
poultry, that is, on the duration of exposure to stress. The
effect of modulated stress affected the fat content (caus-
ing its increase) and minerals (it changed the content of
magnesium and phosphorus). At the age of 34 days, stress
affected the final pH (pH 24), causing it to increase in the
pectoral muscle. The level of WHC tended to decrease in
the muscles of broiler chickens at both 34 and 52 days of
age. In conclusion, improving the quality of broiler chick-
en meat depends on various factors. Any violation of these
factors can negatively affect the quality of the meat. The
strong influence of genotype on meat quality, as well as the
importance of feeding and poultry housing conditions,
cannot be overlooked. Cage density is a crucial factor in
the poultry production, and maintenance stress can lead
to decreased product quality, which consumers perceive
as tough meat. Understanding these factors is essential for
studying these mechanisms and developing approaches
for producing broiler chicken meat that not only meets
economic demands but also promotes human nutrition.
To improve meat quality exposed to stress in the future, it
will be necessary to explore various feed additives based on
natural antioxidants that can prevent oxidative stress and
enhance product quality. Using the above factors, it is pos-
sible to achieve the desired meat composition and product
type properties, as well as to ensure high quality of meat.

REFERENCES

1. Vaarst, M., Steenfeldt, S., Horsted, K. (2015). Sustain-
able development perspectives of poultry production.
World's Poultry Science Journal, 71(4), 609-620. https://doi.
org/10.1017/50043933915002433

2. Betti, M., Perez, T., Zuidhof, M., Renema, R. (2009). Ome-
ga-3-enriched broiler meat: 3. Fatty acid distribution between
triacylglycerol and phospholipid classes. Poultry Science,
88(8), 1740-1754. https://doi.org/10.3382/ps.2008-00449

3. Fisinin, V. (2023). Increasing meat and egg production. Ani-
mal Husbandry of Russia, 1,12-14. (In Russian)

4. Tsyndrina, Yu. (2024). Poultry market: Trends and opportu-
nities for development. Animal Husbandry of Russia, S3, 2-4.
(In Russian)

5. Petracci, M., Mudalal, S., Soglia, E, Cavani, C. (2015). Meat
quality in fast-growing broiler chickens. World's Poul-
try Science Journal, 71(2), 363-374. https://doi.org/10.1017/
S0043933915000367

6. Gonzalez-Rivas, P. A., Chauhan, S. S., Ha, M., Fegan, N.,
Dunshea, F. R., Warner, R. D. (2019). Effects of heat stress on
animal physiology, metabolism, and meat quality: A review.

290



10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Bogoluybova et al. THEORY AND PRACTICE OF MEAT PROCESSING, 2025, vol. 10, no. 3, pp. 284-292

Meat Science, 162 Article 108025. https://doi.org/10.1016/j.
meatsci.2019.108025

Surai, PE, Fisinin, V.I. (2016). Vitagenes in poultry pro-
duction: Part 1. Technological and environmental stresses.
World's Poultry Science Journal, 72(4), 721-733. https://doi.
0rg/10.1017/S0043933916000714

Bogolyubova, N. V. Nekrasov, R. V. Zelenchenkova, A.A.
(2022). Antioxidant status and quality of poultry and animal
meat under stress and its correction with the use of various
adaptogens (review). Agricultural Biology, 57(4), 628-663.
https://doi.org/10.15389/agrobiology.2022.4.628eng

del Bosque, C.LE., Grahl, S., Nolte, T., Morlein, D. (2022).
Meat quality parameters, sensory properties and consum-
er acceptance of chicken meat from dual-purpose cross-
breeds fed with regional faba beans. Foods, 11(8), Article 1074.
https://doi.org/10.3390/foods11081074

Tavaniello, S., Slawinska, A., Prioriello, D., Petrecca, V., Ber-
tocchi, M., Zampiga, M. et.al. (2020). Effect of galactooligo-
saccharides delivered in ovo on meat quality traits of broiler
chickens exposed to heat stress. Poultry Science, 99(1), 612—
619. https://doi.org/10.3382/ps/pez556

Zaboli, G., Huang, X., Feng, X., Ahn, D.U. (2019). How can
heat stress affect chicken meat quality? — A review. Poultry
Science, 98(3), 1551-1556. https://doi.org/10.3382/ps/pey399
Goo, D., Kim, J.H., Park, G.H., Reyes, ].B.D., Kil, D.Y. (2019).
Effect of heat stress and stocking density on growth perfor-
mance, breast meat quality, and intestinal barrier function
in broiler chickens. Animals, 9(3), Article 107. https://doi.
0rg/10.3390/ani9030107

Choi, J., Kong, B., Bowker, B. C., Zhuang, H., Kim, W. K.
(2023). Nutritional strategies to improve meat quality and
composition in the challenging conditions of broiler pro-
duction: A review. Animals, 13(8), Article 1386. https://doi.
org/10.3390/anil3081386

Weimer, S. L., Zuelly, S., Davis, M., Karcher, D. M., Eras-
mus, M. A. (2022). Differences in carcass composition and
meat quality of conventional and slow-growing broiler chick-
ens raised at 2 stocking densities. Poultry Science, 101(6), Ar-
ticle 101833. https://doi.org/10.1016/j.psj.2022.101833

Barbut, S., Leishman, E. M. (2022). Quality and processabil-
ity of modern poultry meat. Animals, 12(20), Article 2766.
https://doi.org/10.3390/ani12202766

Liu, Z,, Liu, Y., Xing, T., Li, J., Zhang, L., Jiang, Y. et al. (2022).
Transcriptome analysis reveals the mechanism of chron-
ic heat stress on meat quality of broilers. Journal of Ani-
mal Science and Biotechnology, 13(1), Article 110. https://doi.
org/10.1186/540104-022-00759-3

Liao, H., Zhang, L., Li, J., Xing, T., Gao, F. (2022). Acute stress
deteriorates breast meat quality of Ross 308 broiler chick-
ens by inducing redox imbalance and mitochondrial dys-
function. Journal of Animal Science, 100(9), Article skac221.
https://doi.org/10.1093/jas/skac221

Bogolyubova, N. V., Nekrasov, R. V., Zelenchenkova, A. A,
Kolesnik, N. S., Lahonin, P. D., Rykov, R. A. et.al. (2024).
Chemical composition and broiler meat quality when using
melanin. Theory and Practice of Meat Processing, 9(2), 12-20.
https://doi.org/10.21323/2414-438X-2024-9-2-108-116
Kuréubi¢, V., Staji¢, S., Mileti¢, N., Stanisi¢, N. (2022).
Healthier meat products are fashionable — Consumers love
fashion. Applied Sciences, 12(19), Article 10129. https://doi.
0rg/10.3390/app121910129

Teixeira, A., Rodrigues, S. (2021). Consumer perceptions to-
wards healthier meat products. Current Opinion in Food Sci-
ence, 38, 147-154. https://doi.org/10.1016/j.cofs.2020.12.004
Livingston, M. L., Pokoo-Aikins, A., Frost, T., Laprade, L.,
Hoang, V., Nogal, B. et.al. (2022). Effect of heat stress, dietary

291

22.

23.

24.

25.

26.

27.

28.

29.

30.

3L

32.

33.

34.

electrolytes, and vitamins E and C on growth performance
and blood biochemistry of the broiler chicken. Frontiers in
Animal Science, 3, Article 807267. https://doi.org/10.3389/
fanim.2022.807267

Erensoy, K., Sarica, M., Noubandiguim, M., Karacay, N.
(2024). The effects of varying stocking densities during the
first 10 days on the performance, welfare, slaughter and meat
quality characteristics of broiler chickens in the subsequent
period. Tropical Animal Health and Production, 56(8), Arti-
cle 286. https://doi.org/10.1007/s11250-024-04104-w

Dias, R. C., Krabbe, E. L., Bavaresco, C., Stefanello, T. B.,
Kawski, V. L., Panisson, J. C. et.al. (2020). Effect of strain and
nutritional density of the diet on the water-protein ratio, fat
and collagen levels in the breast and legs of broilers slaugh-
tered at different ages. Poultry Science, 99(4), 2033-2040.
https://doi.org/10.1016/.psj.2019.11.033

Gao, J., Chen, N,, Cheng, J., Yuan, Z., Zeng, W., Lu, H. et.al.
(2025). Influence of slaughter age on meat quality, metab-
olite and volatile organic compound changes in Lueyang
black-bone chickens. Poultry Science, 104(9), Article 105390.
https://doi.org/10.1016/j.psj.2025.105390

Mancinelli, A.C., Baldi, G., Soglia, E, Mattioli, S., Sirri, E, Pe-
tracci, M. et.al. (2023). Impact of chronic heat stress on be-
havior, oxidative status and meat quality traits of fast-growing
broiler chickens. Frontiers in Physiology, 14, Article 1242094.
https://doi.org/10.3389/fphys.2023.1242094

Bennato, E, [anni, A., Martino, C., Grotta, L., Martino, G. (2021).
Evaluation of chemical composition and meat quality of breast
muscle in broilers reared under light-emitting diode. Animals,
11(6), Article 1505. https://doi.org/10.3390/anil1061505
Zampiga, M., Laghi, L., Zhu, C., Mancinelli, A. C., Mat-
tioli, S., Sirri, E (2021). Breast muscle and plasma metabo-
lomics profile of broiler chickens exposed to chronic heat
stress conditions. Animal, 15(7), Article 100275. https://doi.
org/10.1016/j.animal.2021.100275

Estevez, M., Petracci, M. (2019). Benefits of magnesium sup-
plementation to broiler subjected to dietary and heat stress:
improved redox status, breast quality and decreased myop-
athy incidence. Antioxidants, 8(10), Article 456. https://doi.
org/10.3390/antiox8100456

Vaganov, E.G., Tikhonov, S.L., Tikhonova, N.V., Miftakhut-
dinov, A.V. (2016). isgnostics of stresses in poultry farming
and the quality of meat in the poultry with various stress re-
sistance. Polzunovskiy Vestnik, 1, 34-39. (In Russian)

Liu, Y., Liu, Z, Xing, T,, Li, J., Zhang, L., Jiang, Y., Gao, F.
(2023). Insight on the meat quality and carbonylation profile
of breast muscle of broilers in response to chronic heat stress:
A proteomic research. Food Chemistry, 423, Article 136437.
https://doi.org/10.1016/j.foodchem.2023.136437

Lu, Z., He, X., Ma, B., Zhang, L., Li, ], Jiang, Y. et.al. (2017).
Chronic heat stress impairs the quality of breast-muscle meat
in broilers by affecting redox status and energy-substance
metabolism. Journal of Agricultural and Food Chemistry,
65(51), 11251-11258. https://doi.org/10.1021/acs.jatc.7b04428
Brylina, M. (2020). “Green” approach to the improvement of-
performance and quality of broilers meat Compound Feed, 11,
78-80. (In Russian)

Tan, G. -Y,, Yang, L., Fu, Y. -Q,, Feng, J. -H., Zhang, M. H.
(2010). Effects of different acute high ambient temperatures
on function of hepatic mitochondrial respiration, antioxida-
tive enzymes, and oxidative injury in broiler chickens. Poultry
Science, 89(1), 115-122. https://doi.org/10.3382/ps.2009-00318
Slawinska, A., Mendes, S., Dunislawska, A., Siwek, M., Zampi-
ga, M., Sirri, E et.al. (2019). Avian model to mitigate gut-derived
immune response and oxidative stress during heat. Biosysterms,
178, 10-15. https://doi.org/10.1016/j.biosystems.2019.01.007



Bogoluybova et al. THEORY AND PRACTICE OF MEAT PROCESSING, 2025, vol. 10, no. 3, pp. 284-292

35.

36

37.

38.

Jastrebski, S. E,, Lamont, S. J., Schmidt, C. J. (2017). Chicken
hepatic response to chronic heat stress using integrated tran-
scriptome and metabolome analysis. PIOS One, 12(7), Ar-
ticle e0181900. https://doi.org/10.1371/journal.pone.0181900

. Barbut, S. (2024). Measuring water holding capacity in poul-

try meat. Poultry Science, 103(5), Article 103577. https://doi.
0rg/10.1016/.psj.2024.103577

Mir, N. A,, Rafig, A., Kumar, E, Singh, V., Shukla, V. (2017).
Determinants of broiler chicken meat quality and factors af-
fecting them: A review. Journal of Food Science and Technology,

39. Pu, X, Liang, Y., Lian, J., Xu, M., Yong, Y., Zhang, H. et.al.

(2025). Effects of dietary dihydroartemisinin on growth per-
formance, meat quality, and antioxidant capacity in broiler
chickens. Poultry Science, 104(1), Article 104523. https://doi.
org/10.1016/j.psj.2024.104523

40. Che, S., Susta, L., Barbut, S. (2023). Effects of broiler chill-

ing methods on the occurrence of pale, soft, exudative (PSE)
meat and comparison of detection methods for PSE meat us-
ing traditional and Nix colorimeters. Poultry Science, 102(10),
Article 102907. https://doi.org/10.1016/].psj.2023.102907

54(10), 2997-3009. https://doi.org/10.1007/s13197-017-2789-z 41. Chen, X., Zeng, D., Zeng, X., Zeng, Q. (2024). Effects of com-
Son, J., Kim, H.-J., Hong, E.-C., Kang, H.-K. (2022). Effects plex antioxidants added to chicken diet on growth perfor-
of stocking density on growth performance, antioxidant sta- mance, serum biochemical indices, meat quality, and anti-
tus, and meat quality of finisher broiler chickens under high oxidant capacity. Animals, 14(3), Article 360. https://doi.
temperature. Antioxidants, 11(5), Article 871. https://doi. 0rg/10.3390/ani14030360
org/10.3390/antiox11050871

AUTHOR INFORMATION

Nadezhda V. Bogoluybova, Doctor of Biological Sciences, Leading Researcher, Head of the Department of Physiology
and Biochemistry of Agricultural Animals, Federal Research Center for Animal Husbandry named after Academy
Member L. K. Ernst. 60, Dubrovitsy, Podolsk Municipal District, Moscow region, 142132, Russia. E-mail: 652202@mail.ru

ORCID: http://orcid.org/ 0000-0002-0520-7022
* corresponding author

Roman V. Nekrasov, Doctor of Agricultural Sciences, Chief Researcher, Head of the Department of Agricultural Animal
Feeding, Professor of the Russian Academy of Sciences, Federal Research Center for Animal Husbandry named after Academy
Member L. K. Ernst. 60, Dubrovitsy, Podolsk Municipal District, Moscow region, 142132, Russia. E-mail: nek_roman@mail.ru

ORCID: http://orcid.org/ 0000-0003-4242-2239

Pavel D. Lahonin, Junior Researcher, Laboratory of Fundamental Principles of Nutrition
Agricultural Animals and Fish, Federal Research Center for Animal Husbandry named after Academy Member L. K. Ernst. 60,
Dubrovitsy, Podolsk Municipal District, Moscow region, 142132, Russia. E-mail: lakhonin.99@mail.ru

ORCID: http://orcid.org/ 0000-0002-7354-0337

Nikita S. Kolesnik, Junior Researcher, Laboratory of Fundamental Principles of Nutrition
Agricultural Animals and Fish, Federal Research Center for Animal Husbandry named after Academy Member L. K. Ernst. 60,
Dubrovitsy, Podolsk Municipal District, Moscow region, 142132, Russia. E-mail: kominisiko@mail.ru

ORCID: http://orcid.org/ 0000-0002-4267-5300

Aloyna A. Zelenchenkova, Candidate of Agricultural Sciences, Senior Researcher, Head of the Laboratory of Fundamental
Principles of Nutrition Agricultural Animals and Fish, Federal Research Center for Animal Husbandry named after Academy
Member L. K. Ernst. 60, Dubrovitsy, Podolsk Municipal District, Moscow region, 142132, Russia. E-mail: aly438@mail.ru

ORCID: http://orcid.org/ 0000-0001-8862-3648

Julia A. Bogolyubova, Student, Federal Research Center for Animal Husbandry named after Academy Member L. K. Ernst, 60,
Dubrovitsy, Podolsk Municipal District, Moscow region, 142132, Russia. E-mail: bogolyubovajulia@gmail.com

ORCID: http://orcid.org/ 0009-0000-8237-357X.

Aleksandr N. Singin, Student, Federal Research Center for Animal Husbandry named after Academy Member L. K. Ernst. 60,
Dubrovitsy, Podolsk Municipal District, Moscow region, 142132, Russia. E-mail: sasha.singin@gmail.com

ORCID: http://orcid.org/ 0009-0009-6781-8644.

All authors bear responsibility for the work and presented data.

All authors made an equal contribution to the work.

The authors were equally involved in writing the manuscript and bear the equal responsibility for plagiarism.

The authors declare no conflict of interest.

292



