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Effect of adaptogens on the quality of pig meat
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The specificity of post-mortem redox processes in pork with the development of PSS (Porcine Stress Syndrome), which is the
syndrome of pig stress, is considered. Pre-slaughter stress leads to the increased breakdown of glycogen, a slight decrease in
the pH of muscle tissue during autolysis and a significant pH shift to the acidic side. To study the physicochemical parameters
of muscle tissue after deboning, samples of the longest muscle were taken at the level of 9-12 thoracic vertebrae, 400 g of each
half-carcass. Changes in the pH of meat in the experimental groups correlated with the indicators of volatile fatty acids (VFA),
which considered the indicator of meat quality. The level of VFA in the group with a dosage of 10 mg/kg of lithium ascorbate
was 3.07 % lower than in the control. We also recorded the higher pH values in the first experimental group (by 3 % relative to
the control group).When the pH balance shifted to the acidic side, the acidosis occurs, which negatively affected muscle
contraction in living organisms. In post-slaughter period the acidosis prevented the contraction of muscle fibers, which
increased the organoleptic quality of meat products. The lithium ascorbate prevented the activation of metabolic processes
under the action of catecholamines and reduced the level of organic acids in muscle fibers with increasing the stress resistance.
The use of lithium ascorbate as a stress protector could reduce these negative effects and increase the organoleptic quality.
We suggested to include lithium ascorbate in a standard diet in a dosage of 10 mg/kg of the body weight during the entire
feeding period. The presented scheme of lithium ascorbate usage will allow achieving the best organoleptic and
physicochemical qualities of pig meat products.
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Introduction

Over the past decade, priority in pig production referred to increasing muscle growth with a consistent decrease in fat depots
(Cook et al., 1996, 2012). Fat thickness greatly affects the quality of meat since the corresponding fat layer prevents the hams
from excessive water loss and deterioration of organoleptic characteristics (Detmer et al., 2011). In addition to the fat thickness,
the loss of water in the dry hardened hams also depends on its amount stored in the muscles since the presence of
intermuscular and intramuscular fat improves the organoleptic properties of meat (Ostrenko et al., 2019). The amount and
composition of intramuscular fat are important characteristics that determine the quality of meat and, therefore, consumer
recognition. The resulting contrasting requirements increase the need to elucidate the factors underlying the qualitative
properties in order to find a balance between what is important for the consumer and promising for the industry. The efforts
and scientific research had focused on the aspects that affect the quality characteristics and composition of final meat products
(Gajana et al., 2013; Rey-Salgueiro et al., 2018; Magomedaliev et al., 2019; Niyazov et al., 2019). The lack of unity in the ongoing
research may depend on statistical methods, such as information, calculation of genetic parameters regardless of the fact that
the authors have genomic data or information only of the breeding basis or phenotypic and genetic characteristics of the
studied population. We considered this problem from the view of possible violations of physiological and biochemical
mechanisms leading to a decreasing in the quality of meat under the influence of attributive industrial stresses that occur
during slaughter.
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High huddling, loading and unloading, adverse weather conditions, lack of food and water, the length of transportation, mixing
with animals from other groups, restraint and fatigue are the known stress factors for pigs (Vermeulen et al., 2016). High stress
levels increase susceptibility to diseases, reduce life expectancy, impair growth and reproduction, cause body damage and
behavioral abnormalities, and also reduce the quality of meat (Bazhov et al., 2013).

Post-mortem redox processes in pork are characterized by the development of PSS (Porcine Stress Syndrome) - the syndrome
of pork stress. Pre-slaughter stress leads to the increased decomposition of glycogen, a slight decrease in the pH of muscle
tissue during autolysis, and a significant shift in pH to the acidic side (Bazhovet al., 2013). Therefore, 45 minutes after slaughter,
the pH is 5.4, which leads to the formation of meat with PSE (Pale, soft, and exudative) signs. Accelerated glycolysis is associated
with the damage to the sarcoplasmic reticulum in the PSE-muscle tissue and the release of Ca?*Moore, et al., (2012). Besides, in
the PSE-muscle tissue during autolysis, calcium ions are not released from the sarcoplasmic reticulum to the same extent as in
NOR (Normal) meat, which prevents the development of deep post-mortem rigidity in exudative muscle tissue (Vermeulen et al.,
2015). In some researches the problem of meat with PSE and DFD (Dry, firm, and dark) properties were considered, although
the prevention of the formation of raw materials with deviations in autolysis can lead to minimum the production of low-quality
meat (Ustyantseva et al., 2009). It is possible to reduce the risk of obtaining meat with PSE signs with the /n vivo use of
adaptogenic preparations that normalize neurohumoral regulation and reduce the risk of meat with signs of PSE (Rey-
Salgueiro et al., 2015).

It is known that at present in some regions of Russia the amount of pork with PSE signs obtained from slaughtering animals
from industrial complexes is 35-40 %, and it is 25-30 % from farms.

When using the new feed additives during extended period, it becomes necessary to control and evaluate their impact on the
final product. Because lithium ascorbate was used throughout the entire period of fattening, it was necessary to check whether
this preparation affects biochemical and organoleptic quality indicators of meat products. In the analysis of the previous studies,
the use of lithium ascorbate was proved to increase the productivity of animals and to cause the stimulation of metabolic
processes in pigs. There was a need to evaluate the effect of lithium on the process of meat ageing and the organoleptic
indicators.

The purpose of the research was to study the effect of the adaptogens and stress-protector of lithium ascorbate on the quality
of pig meat of the Irish Landrace breed.

Material and methods

The experiments were carried out in JSC "Shumyatino" (Maloyaroslavets district, Kaluga region, Russian Federation). We took
five groups of pigs from Irish landrace breed with 10 animals per each group. The experimental and control groups were formed
from the piglets of 2 months of age. The diet and the technological process did not differ from the basic technology of fattening
and growing piglets. Lithium ascorbate was administered with food in the following dose (mg per one kg of body weight): group
1-10, group 2 -5, group 3 - 2, and group 4 - 0.5 throughout the entire feeding period. The control group of piglets was on the
main diet without the addition of the preparation. During the experiment, feeding diets were compiled in accordance with the
Russian Institute of Animal Breeding Standards using the Optima Expert Food complex, and the feeding level was calculated
with the expectation of receiving from 500 to 700 g of the average daily live weight gain. The rations consisted of combined
feed types DF-5 (Dry feed), DF-6, and DF-7. Animals were kept indoors in stalls. The indoor climate was maintained automatically
according to the hygiene requirements. Water was freely available. The total growing cycle was 210 days.

Meat quality was determined in accordance with NSS (National State Standard) 9959-2015 “Meat and Meat Products. General
Conditions for Organoleptic Assessment” (with amendment), the categorization of carcasses was determined according to NSS
1213-79 “Pigs for Slaughter. Technical conditions”. The pH level, VFA and other indicators were determined 24 hours after
slaughter. To study the physicochemical parameters of muscle tissue after deboning, the samples of the longest muscle were
taken at the level of 9-12 thoracic vertebrae, 400 g of each half-carcass. An organoleptic assessment was done to determine
the meat appearance, its consistency, flavor, the condition of fat, tendons, and the quality of broth (color, transparency, smell,
and taste).

Statistic processing of the results of the organoleptic analysis was carried out in accordance with the development of
“Methodological Instructions for the Use of the Point Scale” (10-point system). Each of these indicators was assigned a certain
maximum number of points. The differences in meat quality parameters between the control and experimental groups were
defined by the single factor method taking into account the Student #criteria. The data in Tables presented as mean + standard
deviation.

Results

Our research was carried out 24 hours after the slaughter and cooling of carcasses. The carcasses of pigs by their appearance
were pale pink with a crust of drying up, the muscles were dense and elastic, and the fossa by feeling with a finger quickly
leveled off. In the section, the muscles were slightly moist, pale pink, not leaving a wet spot on the filter paper. The flavor was
specific to fresh pork. The fat was pale pink. Tendons were dense and resilient, and the surface of the joints was smooth and
shiny. The broth during heating to 80-85 °C was transparent and aromatic. Thus, organoleptic methods confirmed the
freshness of pork, which was also shown by microscopy of samples: single cocci per visual field and the absence of traces of
tissue decay (Table 1).
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Table 1. The effect of lithium ascorbate on the indicators of freshness of pig meat.

Group pH Peroxidase Reaction with CuSO4 VFA (mg KOH)
Control 5.61+0.09 + - 3.58 £ 0.05
Group 1 (10 5.78 + 0.05* + - 3.47 £ 0.04*
mg/kg)

Group 2 (5 5.73+0.08 + - 3.51+0.06
mg/kg)
Group 3 (2 5.68+0.12 + - 3.52+0.08
mg/kg)
Group 4 (0.5 5.61+0.14 + - 3.52+0.12
mg/kg)

* differences are significant at p<0.05

The content of VFA, positive reaction to peroxidase and a negative reaction with copper sulfate testified to the freshness of pig
carcasses and normal post-mortem maturation of meat from animals that had received lithium ascorbate (Table 1). During
bacteriological studies of internal organs, the cultures on MPA and the medium of endopathogenic microflora were not
detected. When comparing the organoleptic evaluation scores of meat (Table 2), we registered that the dose of 10 mg/kg of
lithium ascorbate administered to the fattening pigs did not impair the appearance, flavor, taste, texture, and the juiciness of
meat. When analyzing the organoleptic evaluation of the meat broth of the experimental group according to its taste and
concentration in the overall assessment, there was a slight tendency to increase the scores. The use of lithium ascorbate as a
stress protector can reduce these negative effects, which leads to an increase of the values of organoleptic analysis.

The effect of lithium ascorbate on increasing the categorization was established, which indicated the effectiveness of the use
of adaptogens in feeding technology (Table 3). We also observed that introduction of lithium ascorbate during entire feeding
period reduces the load on the corticotropic axis, allows the use of the obtained energy to super-maintain growth, makes it
possible to realize the genetic potential of the breed, and affects the categorization of carcasses during slaughter. An increase
in the number of carcasses of category Il and Ill was registered.

Table 2. Organoleptic characteristics of meat and broth from meat of pigs that received lithium ascorbate (points)

Group Appearance Flavor Taste Consistency Juiciness Overall rating
Meat
Control 7.3+0.23 7.3+0.11 7.1+£0.23 7.4+0.23 7.2+0.35 7.2+0.3
Group 1 7.6+0.11 7.0+£0.23 7.2+0.35 7.4+0.23 7.7+0.35 7.2+0.3
Group 2 7.4+0.21 7.2+0.18 7.2+0.24 7.4+0.27 7.7£0.37 7.2+0.6
Group 3 7.0+0.18 6.8+0.27 7.0+£0.19 7.0+£0.34 7.2+0.28 7.0£0.4
Group 4 7.1+0.18 7.0+0.23 7.2+0.21 7.2+0.24 7.2+0.18 7.14+04
Broth
Group Appearance Flavor Taste Transparency Richness Overall rating
Control 6.1+0.23 6.1+0.23 5.8+ 0.47 5.7+ 0.47 5.7+ 0.47 57+0.3
Group 1 6.7+0.23 6.5+0.35 7.0+0.25 7.0+£0.23 7.0+£0.23 6.7+0.3
Group 2 6.6+0.17 6.4+0.28 7.2+0.39 7.0+0.27 7.0+£0.17 6.7+0.7
Group 3 5.9+0.31 5.8+ 0.47 6.4+ 0.28 7.0+£0.34 7.0+0.46 6.7+0.8
Group 4 6.1+0.21 6.0 + 0.37 6.2+0.28 6.9+0.34 6.5 + 0.46 6.34+04

Table 3. The effect of lithium ascorbate on the categorization of carcasses during slaughter (n = 10)

Categories
Group Il M v
number of number of number of
. % . % . %
animals animals animals
Control 4 40 5 50 1 10
Group1 8 80 2 20 0 0
Group2 8 80 2 20 0 0
Group3 6 60 2 20 2 20
Group4 4 40 5 50 1 10
Discussion

Stress forms the oxygen debt in the muscles and is accompanied by a decrease in the concentration of oxyhemoglobin in the
blood. A high concentration of adrenaline causes the breakdown of glycogen in the liver and muscles.
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After slaughter, the biochemical processes occurring in the tissues continue; autolysis occurs, but their functional value changes,
which leads to significant changes in muscle tissue. In the muscles, activation of enzymes responsible for the decomposition
reactions takes place. There is an accumulation of lactic acid, which causes the process of “acidification” of muscle tissue with
the pH shift to the acidic side. This biochemical process enhances the resistance of carcasses to the action of putrefactive
microflora. The use of lithium ascorbate relieves the stress from the hypothalamic-pituitary-adrenal axis and makes it possible
to maintain a sufficient supply of glycogen in the muscle cells during the period of growing and fattening. In the post-mortem
period, the glycogen continues to break down to glucose and pyruvate. Furthermore, due to the enzyme lactate dehydrogenase,
pyruvate is reduced to the lactic acid; however, in the presence of a sufficient amount of Na* and K" ions, a neutralization
reaction occurs and lactic acid is transformed into lactate (sodium or potassium salt of lactic acid (Tomovic et al., 2014).

Under the influence of pre-slaughter stress, the release of aldosterone, which purpose is to maintain optimal water-salt
homeostasis was activated. The main target organ towards the action of the hormone is the kidney, where aldosterone causes
an increase in sodium reabsorption in the body as well as an increase in urinary potassium excretion (Bazhov et al., 2013).
Slaughter and the ageing of meat related to the excess of aldosterone production, which leads to a delay in the body's sodium
and water, are determined by the neutralization of lactic acid; this result in DFD defective pork meat (Soler et al., 2013;
Babicz et al., 2016; Gorres et al., 2016; Khan et al., 2013).

The pH values in the first experimental group was 3 % higher relative to the control group. When the pH balance is shifted to
the acidic side, the acidosis occurs, that negatively affects muscle contraction. In the post-mortem period, the acidosis
prevented the contraction of muscle fibers, which increased the organoleptic qualities of meat products. The quality of NOR
meat largely depends on the level of feeding and the negative external impact. The high content of lactic acid leads to the
damage to the sarcoplasmic reticulum accompanied by the release of calcium ions (Ca?"). Calcium ions activate enzymes
(proteases) that break down proteins, which cause a loss in meat quality (Lebret et al., 2006, 2011; Peeters et al., 2006).
Changes in the pH of meat in experimental groups correlated with volatile fatty acids; moreover, the level of VFA was lower in
experimental groups. Thus, in the group with a dosage of 10 mg/kg of lithium ascorbate, the level of VFA was 3.07 % lower than
in control. Fatty, aromatic, and other acids including volatile are formed in meat as a result of deamination of amino acids (of
direct, reductive, oxidizing, and hydrolytic types) during meat putrefaction. In addition, fatty acids can also be formed under the
influence of certain anaerobic microorganisms. It was found that in the early stages of putrefactive decomposition, acetic acid
is formed in the greatest amount, followed by butyric acid, and in the later stages formic and propionic acids appear (Pugliese
et al., 2015). Therefore, the total amount of these acids can serve as one of the indicators of the freshness of meat. A decrease
in this indicator in the experimental group indicates an increase in the quality of meat products. Thus, the given scheme of the
lithium ascorbate use will allow to achieve the best organoleptic and physicochemical qualities of pig meat products.

Conclusions

We registered that inclusion of lithium ascorbate in pig diet leads to an increase in the categorization of carcasses and post-
mortem quality of meat. The lithium ascorbate prevented the activation of metabolic processes under the action of
catecholamines and reduced the level of organic acids in muscle fibers, which caused the increase of the stress resistance.
The pork with DFD were characterized by the intravital glycogen breakdown, depletion of muscle fiber and inability to form
lactic acid. Such meat had pH above 6.3, had dark color and coarse fiber structure, high water-binding ability, and increased
stickiness. In the meat of PSE pork, compared to normal meat, the glycogen breaks down quickly after slaughter, and the
intensive accumulation of lactic acid is observed leading to destruction of the sarcolemma and activation of proteolytic enzymes.
Meat with signs of PSE (pale, soft, and watery) is characterized by a light color, low water-binding ability, the release of meat
juice, sour taste, and rapid fat oxidation.

The obtained data indicate that classical glycolysis occurs only in pig meat of normal quality (NOR-pork) with high intravital
stress resistance. This was achieved by using lithium ascorbate throughout the entire cycle of feeding and growing pigs. We
observed certain deviations from the normal glycolysis process in the meat with PSE and DFD defects. Stress deviations created
the most favorable conditions, under which severe meat acidosis or microbial putrefaction developed, caused a further
decrease in its physicochemical and organoleptic properties.

We recommended to include lithium ascorbate in a standard pig diet in a dosage of 10 mg per kg of body weight during entire
feeding period to achieve the best organoleptic and physicochemical qualities of meat products.
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