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Modern intensive technologies for handling and growing highly productive animals are accompanied by significant changes in
their homeostasis causing stress and adversely affecting their health and the quality of the products obtained from them.
Depending on the cause, stress is classified as social (technological), environmental, dietary, and immunological. Various types
of stress adversely affect the body and contribute to endocrine, energy balance, and carbohydrate-lipid metabolism
disturbances, which adversely affects the animal resistance to diseases, productivity and reproductive characteristics. Stress
leads to metabolic disorders and changes in the ratio of muscle and fatty tissues. Every year, the manifestations of
antemortem and postmortem pathological changes in the microstructure of animal muscle tissue are increasingly noted.
Moreover, the affected structures of muscle fibers are characterized by hyper contraction, disruption of cell membranes, and
formation of extracellular protein substance represented by denatured forms of proteins reducing the nutritional value and
consumer characteristics of the final product. The use of antioxidants in pig diets, including natural ones, helps to reduce the
impact of environmental stress factors on animals and increase their adaptive capacity. This review focuses on the ways to
reduce stress and the effect of flavonoids, including quercetin, whose properties have been extensively studied in recent
years, in order to increase the resistance of highly productive animals to various stress factors.
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Modern intensive technologies for handling and growing animals are associated with numerous conditions that do not
correspond to their evolutionary physiology. Along with the focus on obtaining animals with genetically modified high
productivity, this leads to intensification of the influence of stress factors and is accompanied by significant changes in the
homeostasis, significantly affecting the quality of the final product (Plyashchenko & Sidorov, 1983).

Stress is a combination of non-specific adaptive (normal) reactions of the body to the effects of various adverse factors, i.e.
stressors (physical or psychological), violating its homeostasis, as well as the corresponding state of the nervous system (or
the whole body). Hans Selye first introduced the concept of stress as “a non-specific response of the body to any change”
(Selye, 1998). There are several stages of stress. The first stage is the stage of anxiety; it occurs immediately after the adverse
effect takes place. The second stage is the stage of resistance; it is characterized by an increase in the body's resistance to the
leading factor of adverse effect and other factors close to it. The third stage is the stage of exhaustion; it develops with the
prolonged action of one or several stress factors, when the general and specific resistance of the organism decreases. Most
often, the stages of stress development do not have clear boundaries (Danilkina, 2015). Depending on the cause, stress may
be classified as social (technological), environmental, dietary, and immunological (Martinez-Miro et al., 2016).

Social or technological stress is observed during distribution into cages with unfamiliar animals, isolation, weaning,
transportation, veterinary measure, etc. Exposure to social stress is always individual in nature and often associated with
genetics, which has been confirmed by many studies (Zupan et al., 2017). Social stress may be acute, immediate after
regrouping, or chronic when animals are kept in group cages or isolated, and also as a result of repeated regroupings
(Coutellier et al., 2007). When animals are kept in larger groups, they are less exposed to social stresses. Increasing the
density of animals in cages increases the likelihood of stress due to reduced access to feed and freedom of movement
(Verdon et al., 2017). The authors showed that the frequency of social interactions and aggressive behavior increases as the
density of sows increases (Remience et al., 2008), and the growth rate negatively correlates with the floor area per animal
(Pereira et al., 2015). The authors note that the response to social stress is higher in males than in females (Holinger et al.,
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2018). Thus, when studying the effect of technological stress on the body, higher levels of cortisol were observed even in the
blood of castrates compared with gilts (Zupan et al., 2017).

One of the critical stages in the technology of growing pigs is the weaning period and their transfer to growing. In connection
with the deprivation of maternal presence and milk, transfer to a new room, regrouping, and changing feed and staff, piglets
experience technological stress. In this regard, the incidence of disease increases and a decrease in growth rates are noted.
This reduces the resistance and indicators of humoral immunity, creates conditions for the activation of opportunistic
microflora, which leads to indigestion or respiratory pathology (Danilevskaya et al., 2012). Dietary stress is the result of
transfer from easily digestible maternal milk to solid feed based mainly on vegetable ingredients. Undigested protein enters
the colon and becomes accessible to pathogenic bacteria that may cause inflammation and oxidative stress (Sirini &
Amarakoon, 2017). W. Droge (2002) found that, under the influence of weaning stress, the level of cortisol in plasma increases
significantly (p <0.05), the expression of c-fos gene involved in many cellular functions, including the processes of cell growth
regulation, is suppressed, and a decrease in corticotropin releasing hormone (CRH) is observed in the hypothalamus. In
addition, the stress upon weaning increases the amount of c-jun mMRNA and CRH receptor of the first type in the pituitary
gland (Yu et al., 2019). Early weaning of piglets may significantly change the subsequent immune and physiological responses
and clinical results upon subsequent infection with a pathogen (McLamb et al., 2013). The authors report that weaning of
piglets causes both acute and prolonged structural and functional changes in the small intestine, including villous atrophy and
lengthening crypt (Campbell et al., 2013), contributes to the inhibition of cellular processes in intestinal epithelial cells (Yang et
al., 2016). The authors report a decrease in the level of lactase and aminopeptidase from 2nd to 15th day after weaning, while
the activity of maltase decreases on the 2nd day after weaning, and then increases from 8th to 15th day after weaning. The
activity of alkaline phosphatase, an enzyme that plays an important role in the detoxification of endotoxins, is also reduced in
early-weaned piglets. These changes may affect the digestive and absorption capacity, the secretory capacity of the small
intestine and, ultimately, the barrier function, which contributes to diarrhea after weaning (Campbell et al., 2013). In the
authors' research, weaning caused changes in piglet blood, reflecting the stress response. Therefore, within 3 days after
weaning, eosinopenia developed in animals with some neutrophilia (due to stab forms while reducing microxyphil ones). On
the 3rd day, the piglets showed a 2.3-fold decrease in eosinophils and 11.0% decrease in lymphocytes (Vostroilova et al.,
2015).

Transport stress is also a strong stress factor, and together with weaning stress it may negatively affect the health of piglets.
This kind of stress may increase in animals when water consumption is restricted and/or blocked. Transportation has a
particularly adverse effect on pig health when animals are not provided with water (Garcia et al., 2016; Garcia. Et al., 2015),
and it is especially pronounced in adults (Averos et al., 2009). In gilts exposed to transport stress, higher levels of cortisol,
albumin, glucose, total protein in the blood, and the ratio of granulocytes to lymphocytes were observed. Animals were more
susceptible to physiological disturbances when transported for 6 hours compared to 12 to 30 hours, which indicates
habituation (Sutherland, 2012). Short-term and prolonged noise effects increased the ratio of serum aspartate
aminotransferase (AST) to alanine aminotransferase (ALT) and the levels of glucose, total bilirubin, cholesterol, urea, alkaline
phosphatase, and a-amylase in pig blood, while total protein was reduced (Rapiyev & Mannapova, 2013).

Intensification of pig industry requires constant environment monitoring, i.e., temperature, humidity, light, gas content
(Pearce et al., 2013; Sanz Fernandez et al., 2015), and the environmental temperature should be optimal for each age and sex
group (Wathes & Whittemore, 2006). This is because pigs do not have sweat glands and thermoregulation is carried out only
by breathing, so they can feel comfortable only in a very narrow temperature range (Klimenko & Trukhin, 2012). The most
significant changes resulted from heat stress occur in the cardiovascular, respiratory systems and the gastrointestinal tract.
Heat stress negatively affects animal behavior, reduces feed intake (Baumgard & Rhoads, 2013; Hao et al., 2014), affects
growth rate (Pearce et al., 2013), leads to impaired reproductive ability, which is later onset of puberty, reducing the farrowing
frequency (Jason et al., 2017; de Oliveira et al., 2019) and the number of live-born piglets (Wegner et al., 2016). Impaired
perfusion of peripheral organs and tissues when exposed to high temperatures, first of all adversely affects pregnant sows,
i.e. fetal nutrition decreases, embryonic mortality and abortions increase, especially at the early stages of pregnancy,
parturation becomes difficult. Under the influence of heat stress, the production of adrenocorticotropic hormone and cortisol
is stimulated, the production of thyroxin decreases, and insulin sensitivity increases. These physiological changes disturb the
endocrine and energy balance in the body, leading to early embryo death, abortions and reduced milk production (Einarsson
et al., 2008; Ross et al., 2015; Zeng et al., 2018). In addition, researchers note that the decrease in reproductive functions of
sows under the influence of heat stress also depends on animal genotype (Bloemhof et al., 2014).

Exposure to heat stress during fetal development may permanently change postnatal phenotypes and adversely affect future
animal productivity (Johnson et al., 2015), i.e. change the metabolic parameters of offspring and decrease the ratio of muscle
to fatty tissue (Boddicker et al., 2014).

The decrease in feed intake is associated with the fact that during heat stress, the inhibition of secretory processes is
triggered due to the redistribution of fluids as a result of increased water loss for the needs of thermoregulation. The
secretion of gastric acid is inhibited and its bactericidal function becomes insufficient, while pepsin activity decreases and the
concentration of total protein increases. The proteolytic enzymes, i.e. pepsin, trypsin, enterokinase, is subjected to the most
significant inhibition, as a result of which the rate of amino acid absorption decreases. Inhibition of pancreatic enzyme
secretion occurs, and intestinal motility decreases (Klimenko & Trukhin, 2012).

Researchers have noted changes in the direction of lipid and carbohydrate metabolism in the body under the influence of
heat stress (Sanz Fernandez et al., 2015), while insulin sensitivity and glucose uptake increase (Febbraio, 2001; Maciver et al.,
2008; Sanz Fernandez et al., 2015). Constant heat exposure reduces digestibility of dry matter and protein, with an increase in
rectal temperature and respiratory rate (Pearce et al.,, 2013; Hao et al., 2014; Johnson et al., 2015). The plasma levels of
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cortisol, creatine kinase and lactate dehydrogenase significantly increase (Hao et al., 2014), as well as insulin concentration
(Pearce et al., 2013). Adverse effects of heat stress become more severe when it is combined with various technological
stresses (regrouping, weaning, isolation, veterinary activities) (Johnson et al., 2019).

Metabolic (dietary) stress is a result of restricted or blocked access to food and/or water (Ott et al., 2014). The adverse effects
of metabolic stress depend on the length of fasting period. At the same time, the level of glucose in the blood decreases and
the metabolism changes from anabolic to catabolic. In order to overcome this, non-esterified fatty acids (NEFA), beta-
hydroxybutyrate, and glycerin are used in the body to meet energy needs. Moreover, these compounds may be used as
markers of metabolic stress in animals.

When changing from anabolic to catabolic metabolism, metabolic stress in sows during late pregnancy and high milk
production may also provoke oxidative stress (Pshennikova, 2000). The resulting free-radical oxidation end products are
highly toxic compounds that damage the cells of tissues and organs, change the physical and biological properties of the
membranes, disintegrate oxidative phosphorylation and disturb the ion pumps in membranes (Menshikova, 2006). Free-
radical oxidation is reduced in the presence of antioxidants: this explains their action as lipid peroxidation inhibitors (Gusev &
Panchenko, 1982). Oxidative stress accompanied by damage to mitochondrial DNA is the cause of many pathologies: diabetes
with retinopathy, muscular dystrophy, cardiomyopathy, etc. (Kamyshnikov, 2003).

With chronic exposure to various stressful situations, activation of free-radical oxidation occurs with simultaneous depletion
of antioxidant defense. In the body, syndromes of maladaptation, ketosis, hepatic dystrophy, and autoimmune processes are
observed (Minotti & Aust, 1989).

It is known that the use of antioxidants in animal diets contributes to the stabilization of free radicals (Tolkushkina, 2001;
Cadenas & Packer, 2002). Many plants, including vegetables and spices, contain natural antioxidants and are widely studied
by researchers (Sebranek et al., 2005; Mariassyova, 2006; Carpenter et al., 2007; Habanova & Haban, 2008).

Some plant extracts contain flavonoids and phenolic ingredients that have antioxidant effects. In studies of S. Sekretar et al.
(2018), extracts of burdock, black tea, rosemary and sage were the most effective. Extracts with good antioxidant activity also
showed antimicrobial efficacy. Other studies show that a mixture of natural antioxidants based on plant extracts and vitamin
E added to pig diets at concentrations of 271.2 mg/kg and 90.4 mg/kg, respectively, can effectively protect pig's lymphocytes
from oxidative damage to DNA, thus suggesting their potentially beneficial effects on the immune system during diet-induced
oxidative stress (Frankic et al., 2010).

Shaposhnikov et al. (2016) studied the effect of plant-based preparation containing phytoecdysteroids or steroid glycosides
on the expression of stress response genes and stress resistance. Plant-based preparation have been showed to activate the
mechanisms of antioxidant protection, have adaptogenic and geroprotective effects associated with the activation of
hormonal mechanisms. Recently, the use of flavonoids, in particular quercetin, has become widespread. Flavonoids are
secondary plant metabolites exhibiting a wide range of pharmacological and biological activities. Among the flavonoids,
quercetin received a special attention from researchers (Lucio et al., 2016).

Dihydroquercetin (CysH1,07) is the main component of the Diquertin bioflavonoid complex. Dihydroquercetin is a
bioflavonoid with a wide range of biological effects: it regulates metabolic processes, has a positive effect on the functional
state of the internal organs, creates mechanisms for protecting healthy cells from pathologies caused by chemical toxicity,
electromagnetic emission and radiation, by eliminating radical activity, viral and bacterial processes. It is non-toxic, harmless,
highly active at low concentrations, and resistant to thermal and mechanical exposure. Dihydroquercetin is recognized as a
reference antioxidant and is widely used in medicine and food industry.

A large amount of information has been accumulated about the detection of dihydroquercetin in the composition of phenolic
mixtures from many herbaceous and shrubby plants. Some of the studied plants are of interest as potential medicinal herbs,
for example, knotweed (Polygonum nodosum Pers.), leaves and stems of buckthorn (Rhamnus lycioides L.), while some plants
are already known and widely used in medical practice, such as milk thistle. The fruits of milk thistle (Silyjbum marianum (L.)
Gaertn.) containing dihydroquercetin and its 3-methyl ester (silimarin) along with flavolignins, are used as raw materials for
the preparation of hepatoprotective drug, Siliborum (analogue of Legalon and Carsil).

Dihydroquercetin is found in some edible plants, i.e. citrus fruits, cotton and sorghum seeds, peanuts (Arachis hypogaea L.). It
is believed that the protection of peanut oils (40% to 60%) is provided by dihydroquercetin.

As a result of many years of research, Siberian larch wood and Dahurian larch wood were chosen as a raw material for
industrial dihydroquercetin production (Fomichev et al., 2011; Nikanova & Fomichev, 2012).

When using dihydroquercetin in pig nutrition, inhibition of lipid peroxidation process was observed during the entire period
of growing and fattening. Thus, acid and peroxide values, malonic aldehyde in the serum of piglets from the experimental
group were lower than in the control group, and the antioxidant defense was higher, which was expressed in an increase in
the antioxidant activity of plasma. At the same time, a decrease in the area of myocardial cardiomyocytes was observed in
experimental animals as compared with the control ones. These changes indicate a lower physiological stress of the
cardiovascular system, which is the result of increased resistance to stressful situations resulted in stabilization of potassium-
magnesium ratio and, subsequently, normalization of blood pressure (Fomichev et al., 2017; Spinul, 2018).

The addition of dihydroquercetin (50 mg/animal/day) in piglet diet in the post-weaning period significantly weaken the effect
of stressful environmental factors and increased their adaptive capacity; as a result, the average daily gain in the post-
weaning period was 496 g/day, which was 20.6% higher compared to the control group (Nikanova et al., 2017). The authors
(Fomichev et al., 2017; Nikanova et al., 2017) recommended the use of dihydroquercetin bioflavonoid at 1.5 mg/kg BW/day in
order to provide antioxidant, immunomodulatory and adaptogenic properties in pig diets. The use of this supplement in pig
nutrition inhibited free-radical oxidation of lipids, increased antioxidant protection and the functional state of the liver during
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the entire period of growing and fattening. This helped to intensify anabolic processes. As a result, pigs in the experimental
group had 20% higher average daily gain during the entire period of growing and fattening, and especially during extremely
high temperatures.

In another experiment, the authors studied the effect of quercetin supplementation on the intestine function, the level of
reactive oxygen species (ROS) in the intestine and intestine inflammation in pigs upon transport stress. Quercetin helped to
reduce the manifestations of oxidative stress and inflammation in the intestine of animals, which was confirmed by lower
levels of intestinal ROS and malonic dialdehyde (MDA), a decrease in serum endotoxin, an increase in the height of the
jejunum villi (Zou et al., 2016).

The effect of new nine dihydroquercetin (taxifolin) derivatives on the viability of cultured normal and tumor cells, their
antioxidant activity and the relationship of antioxidant activity to the chemical structure were studied. The maximum total
antioxidant activity was observed for native dihydroquercetin and KN-8 compound (Rogovskii et al., 2010). A range of new 3-
mono-acylated dihydroquercetin derivatives were synthesized and had antioxidant and cytotoxic activity against tumor cells
(Knyazev et al., 2018).

Conclusion

Thus, stressful situations associated with the technology of animal growing and fattening, environmental and other factors
negatively affect the animal health, as well as the quality of the products obtained from these animals. In recent years, various
antemortem and postmortem pathological changes in the muscle tissue microstructure of farm animals and poultry, which
are associated with stress factors, has been observed. The affected structures of muscle fibers are characterized by hyper
contraction, disruption of cell membranes, lysis of nuclei and cell organelles with formation of extracellular protein substance
represented by denatured forms of proteins not participating in the formation of nutritional matrix of the final product with
the required characteristics.

According to foreign researchers (INRA, France), in European countries the proportion of produced pig carcasses with similar
changes in muscle tissue microstructure is more than 17%. The solution to this problem is possible only with a complex of
activities, including the use of nutritional factors. One of the ways is the use of antioxidants, as well as natural bioflavonoids.
Modern scientists have shown the positive effect of using natural antioxidants in diets on the quality of meat from
monogastric animals (Janz et al., 2007; Moroney et al., 2012). The use of antioxidants in meat production is an effective way to
minimize the development of oxidative rancidity, extend the shelf life and increase nutritional quality (Gupta & Abu-Ghannam,
2011).

The use of natural antioxidants and their complexes in pig diets contributed to an increase in lipid and meat color stability
after 5-day storage of pork (Lahucky et al., 2010). Thus, we believe that further studies are needed concerning the use of
natural antioxidants in feeding the intensively growing pigs to reduce stress effects, particularly on the quality of meat
products and the severity of hypercontraction and autolysis of muscle fibers in fattened pigs.
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