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A b s t r a c t  
 

At present, improving the quality of pork while increasing the production of pork is of gen-

erally recognized economic importance. Diets have been shown to affect the characteristics of muscle 

fibers. Adaptogens (vitamins and bioflavonoids) that animals need during active growth period can 

prevent myopathic transformation in meat. This paper for the first time reports on the improved mi-

crostructure of the musculus longissimus dorsi in crossbred pigs fed a complex of adaptogens (dihy-

droquercetin and vitamins E, C) during the fattening period. Our aim was to evaluate the effect of the 

complex of dihydroquercetin + vitamins E, C on the microstructure of meat muscle tissue in hybrid 

pigs. The experiments were carried out in 2021-2022 at Gorbatov Federal Research Center of Food 

Systems, Ernst Federal Research Center for Animal Husbandry and BMPK (Bryansk Province). Cross-

bred piglets (n = 108) (Sus scrofa domesticus) F2 [(Large White ½ Landrace) ½ Duroc] were randomly 

selected and assigned to two groups, n = 54 each, for a 58-day fattening. The control group were fed 

only a complex feed (SK-6, Russia), The test group was additionally fed an experimental dietary 

complex of adaptogens (DEC) that contains dihydroquercetin (DHQ, Ecostimul-2, JSC Ametis, Rus-

sia; 72-73 % DHQ, 32 mg/kg of feed), vitamin E (INNOVIT E60, GC MEGAMIX, Russia; 10 mg/kg 

feed) and vitamin C (Tiger C 35, Anhui Tiger Biotech Co. Ltd., China; 35 mg/kg feed). Young animals 

were weighed twice (on day 0 and day 58) by group weighing and individual weighing of 10 animals 

from each group. After slaughter, the paired carcass weight and the slaughter yield were assessed. To 

study the microstructure of muscle tissue, 45 min after slaughter, samples (3½3½3 cm) of the longest 

back muscle (musculus longissimus dorsi) were collected and fixed in 10 % neutral buffered formalin 

solution for 72 h at room temperature. For further study, two fragments (1.5½1.5½0.5 cm) of each 

sample with longitudinal and transverse orientations were washed with cold running water for 4 h, then 

compacted at 37 C in gelatin (AppliChem GmbH, Germany) of ascending concentrations (12.5 and 

25 %, for 8 h in each). Serial 16 µm sections were prepared using a MIKROM-HM525 cryostat 

(Thermo Scientific, USA), mounted on Menzel-Glaser glasses (Thermo Scientific, USA) and stained 

with Ehrlich’s hematoxylin and 1 % eosin water-alcohol solution (BioVitrum, Russia). The histological 

preparations were examined and photographed using an AxioImaiger A1 light microscope (Carl Zeiss, 

Germany) with a connected AxioCam MRc 5 video camera (Carl Zeiss, Germany). Morphometric 

studies were performed using the AxioVision 4.7.1.0 image analysis program (Carl Zeiss, Germany). 

Muscle fiber diameter, sarcomere length, and giant fiber cross-sectional area were measured online. 

On cross sections, the shape of muscle fibers, their density, the state of the nuclei, the thickness and 

state of the connective tissue layers were investigated, and giant fibers were identified. On longitudinal 

sections, the state and shape of muscle fibers, the state of the sarcolemma, the presence of striation 

(transverse, longitudinal) and destructive changes (ruptures, cracks, fragmentation), hypercontraction 

nodes were identified. Despite the absence of statistically significant differences in live weight and 
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slaughter traits between groups during fattening, histological studies revealed significant differences 

in average values of muscle fiber density (p = 0.02) and sarcomere length (p = 0.000007). Almost a 

2-fold decrease in the number of giant fibers in test group (11.60 vs. 21.30 pcs/cm2) indicates a signif-

icant improvement in the tissue microstructure compared to the control animals that did not receive 

DEC. The less pronounced destructive changes in the sarcolemma in the test animals also indicate an 

increase in the animal stress resistance. Given a significant variability of morphometric parameters in 

both groups, we applied a scoring procedure which allows us to classify carcasses according to the 

severity of myopathic changes in muscle tissues based on the results of the muscle fiber microstructure 

study. In control, there was only one carcass that had no signs of myopathy; four carcasses showed 

signs of moderate myopathy and five carcasses showed signs of severe myopathy. On the contrary, in 

the test group, there were four carcasses without signs of myopathy and six carcasses with signs of 

moderate myopathy. There were no cases of severe myopathy in the study group. The groups differed 

statistically significantly (p = 0.004) in scores characterizing the severity of myopathic changes in 

muscle tissue. Our findings show that the dietary adaptogen complex DEC can provide the improve-

ment of the microstructure of the muscle tissue and, therefore, has a positive effect on animal stress 

resistance and the degree of glycolysis in meat. 
 

Keywords: adaptogen, dihydroquercetin, stress, young pigs, muscle tissue, giant fibers, con-

tractile nodes, microstructure, histology 
 

The growth of domestic pork production from 799.9 thousand tons in 2010 

to 3254.92 thousand tons in 2021 was due to the industry’s transition to intensive 

pig rearing, which was accompanied by a qualitative change in the livestock - a 

refusal to use traditional purebred animals. Modern intensive pig farming is char-

acterized by the widespread distribution of hybrid fast-growing individuals, com-

bined with a radical change in the conditions of their keeping and feeding. The 

main parameters of intensive production include a decrease in the age at which 

animals reach a live weight of 100 kg, and a high average daily weight gain [1-3]. 

At the same time, the quality of slaughter products, primarily pork, has changed. 

Genetic progress has increased the stress on the body of fast-growing 

slaughter animals and led to morphological and biochemical modifications of mus-

cle tissue, worsening the consumer and technological characteristics of meat [4)] 

In the carcasses of modern hybrid pigs, the content of muscle tissue exceeds 50% 

(wt). As the main and most nutritionally valuable part of the carcass, muscle tissue 

is considered the main component determining the quality of meat, which is 

formed during muscle metabolism before and after the death of the animal [5, 6]. 

Advances in the field of intensive feeding of hybrid pigs have led to the 

emergence of pathological features in the microstructure of muscle tissue, reducing 

the value of pig carcasses. The increased stress inherent in hybrid animals during 

transportation and lairage was considered to be the main reason for these changes 

[7]. The development of porcine stress syndrome leads to the fact that post-mor-

tem redox processes in pork are characterized by increased glycolysis of muscle 

tissue, producing meat with signs of PSE (pale, soft and exudative)/myopathy [8]. 

Such meat is characterized by histopathological abnormalities in the muscles and 

the appearance of destructive changes (ruptures of the sarcolemma), changes in 

the shape of muscle fibers, the appearance of atrophied, as well as hypertrophied 

and giant fibers [9, 10]. 

In this regard, in recent years there has been renewed interest in studying 

the microstructural characteristics of muscle tissue of slaughter animals, including 

the types and properties of muscle fibers, their density and size [11-13]. It has 

been proven that the characteristics of muscle fibers are directly influenced by 

both genetic factors (breeds, lines, hybridization), as well as the growth rate of the 

animal and the final mass fraction of muscle tissue in the carcass [14, 15]. In turn, 

the characteristics of muscle tissue determine the technological and consumer 

quality of pork, including tenderness, juiciness and color [16]. A relationship has 

been shown between the rapid growth of hybrid animals and the high incidence 

of myopathic changes in muscle tissue, which reduce the quality of pork [17]. 
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Muscle fibers are key components of skeletal muscle, the characteristics 

of which significantly influence the quality of meat [18, 19]. Histological changes 

in muscle tissue lead to changes in meat quality [20]. One of the signs of changes 

in the microstructure of muscle tissue is the appearance of giant fibers. It has been 

established that giant fibers are found exclusively in postmortem muscles, and most 

researchers believe that they arise because of overcompression of a portion of the 

muscle fibers [21-23]. The cause of the appearance of giant fibers is the depletion 

of some fibers even before slaughter and the very rapid development of rigor mortis 

in them, while neighboring fibers continue to remain in a relaxed state [24, 25]. 

Giant fibers in cross-sections of muscles are characterized by a rounded 

shape and a large cross-sectional area. They are most often located at the edge 

and, with less frequency, within the primary muscle bundles [22, 26, 27]. Giant 

fibers stain more intensely with eosin compared to surrounding normal fibers. In 

longitudinal sections, giant fibers exhibit partial to complete loss of myofibril struc-

ture as a result of hypercontraction and fiber disintegration [16, 28]. Increased 

giant fibers are associated with inhumane handling of animals prior to slaughter 

[29-31], genetic profile, and breed [31, 32]. The frequency and size of giant fibers 

determine the decline in pork quality [33, 34]. 

However, it is believed that giant fibers may not be evident in muscle 

tissue. For example, surrounding fibers can passively hold the affected fibers in a 

stretched state, preventing them from transforming into giant ones. Many authors 

note muscle fiber density/total number of fibers per unit cut area as an important 

factor determining meat quality [18, 19, 34]. This parameter is related to the di-

ameter of the muscle fibers. On the one hand, fibers of smaller diameter are es-

pecially desirable, since they have a beneficial effect on the quality of meat and 

are considered an indicator of its tender structure [35], on the other hand, the 

presence of fibers of small diameter may be a sign of muscular dystrophy [36]. 

Obviously, taking into account significant deviations from the average muscle fiber 

diameter can be critical for objective assessment of meat quality based on histo-

logical studies [37]. Therefore, analysis of not only giant fibers, but also other mor-

phological characteristics of muscle tissue is important [22, 25, 26]. 

The economic importance of improving pork quality while continuing to 

increase pork production is now recognized [4]. It has been shown that the choice 

of diet affects the characteristics of muscle fibers [38], and in preventing the ap-

pearance and development of myopathic changes in meat, an important role is 

played by adaptogen substances, the vitamins and bioflavonoids that animals need 

during the period of active growth [39-42]. Reducing the risk of receiving low-

quality meat can be achieved through the use of adaptogenic drugs in vivo, which 

increase the stress resistance of animals and ensure optimal glycolysis in meat [34]. 

The search for adaptogens that act as regulators of the directional development of 

muscle tissue can become the main way to ensure the quality of meat while in-

tensifying its production. 

This paper is the first to report, on the example of hybrid pigs, the positive 

effect of a complex of adaptogens dihydroquercetin and vitamins E and C fed 

during the fattening period on the microstructure of musculus longissimus dorsi. 

The purpose of the work is to assess the influence of the complex of adap-

togens dihydroquercetin and vitamins E, C on the microstructural characteristics 

of muscle tissue of meat obtained from hybrid pigs. 

Materials and methods. The experiments were carried out in 2021-2022 at 

Gorbatov Federal Research Center for Food Systems RAS, Ernst Federal Research 

Center VIZh and OOO Bryansk Meat Processing Plant (Bryansk Province). 
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For the experiment, 108 crossbred piglets (Sus scrofa domesticus) F2 

[(Large White ½ Landrace) ½ Duroc] were assigned. Live weight at the beginning 

of the experiment was 60-65 kg, age was 120 days. The fattening took 58 days. 

Experiments were performed in accordance with the principles of good laboratory 

practice [43-47]. 

All animals were kept in the same zoohygienic conditions [48] and had 

free access to feed and water throughout the entire study period. Feeding was 

carried out from group self-feeders with regard to current standards [49]. 

The piglets were randomly divided into two groups (control and experi-

mental, 54 pigs in each). The control group received only SK-6 feed, balanced in 

nutrients and energy as recommended [49]. The experimental group was addition-

ally fed with an experimental complex of adaptogens (DEC), containing dihy-

droquercetin  (DHQ, Ecostimul-2, JSC Ametis, Russia; 72-73 % DHQ, 32 mg/kg 

of feed), vitamin E (INNOVIT E60, GC MEGAMIX, Russia; 10 mg/kg feed) 

and vitamin C (Tiger C 35, Anhui Tiger Biotech Co. Ltd., China; 35 mg/kg feed. 

The DKVES mixture was prepared in laboratory conditions and mixed with 

crushed wheat grain. 

At a feed mill (LLC Bryansk Meat Processing Plant, Bryansk Province), 

a pilot batch of feed added with the DEC was produced in compliance with the 

approved recipes. To prepare feed with an adaptogen, the calculated amount of 

the complex DHQ + vitamins was weighed and mixed with the dry ingredients of 

the feed in a mixer, ensuring its uniform application. The addition of DEC in the 

amount of 0.25 kg/t of SK-6 feed did not affect the consumption of energy and 

nutrients. The choice of dosages was based on previously obtained own data and 

a generalization of current information on the problem (for more complete infor-

mation, see the RF patent). 

The young animals were weighed twice, before the start of the experiment 

and on day 58. Individual and group weighing was carried out. For comparative 

analysis, control slaughter and sampling, control 10 fattening pigs from each group 

were used (Nos. 1-10). Individual weighing was carried out during fattening and 

before slaughter. The control slaughter was carried out at an industrial enterprise 

(OOO Bryansk Meat Processing Plant). 

Immediately before slaughter, the live weight (LW) of pigs after fasting 

was determined. After the slaughter, the weight of the carcass was determined, for 

treatment 1, the weight of the carcass with the head, legs and tail; for treatment 

2, the weight of the carcass without the head, legs and tail). The slaughter yield 

was calculated as the ratio of the carcass weight to the live weight before slaughter. 

For the microstructure study, 3½3½3 cm fragments of the musculus longis-
simus dorsi were taken 45 minutes after slaughter. The samples were fixed in a 10% 

neutral buffered formalin solution for 72 hours at 22 С. For the study, two 

1.5½1.5½0.5 cm fragments with longitudinal and transverse orientation of muscle 

fibers from each sample were washed with cold running water for 4 hours and 

compacted in 12.5% and 25% gelatin solutions (AppliChem GmbH, Germany) at 

37 С, for 8 hours in each concentration. 
Serial sections with a thickness of 16 µm were prepared on a MIKROM-

HM525 cryostat (Thermo Scientific, USA). Three sections were prepared from 
each fragment. The resulting sections were mounted on Menzel-Glaser glasses 
(Thermo Scientific, USA) and stained with Ehrlich hematoxylin and 1% aqueous-
alcoholic eosin solution (BioVitrum, Russia) as described [50]. Histological prep-
arations were examined and photographed (an AxioImaiger A1 light microscope 
with a connected AxioCam MRc 5 video camera, Carl Zeiss, Germany) [51]. 

For morphometric studies, the image analysis program AxioVision 4.7.1.0 

(Carl Zeiss, Germany) was used. Muscle fiber diameter, sarcomere length, and 
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giant fiber cross-sectional area were measured. At least 100 objects were analyzed 

for each section. The fiber diameter was determined with an accuracy of ±1.0 µm. 

The length of sarcomeres was measured with an accuracy of ±0.1 μm. The number 

of giant fibers per 1 cm2 section and the density of muscle fibers per 1 mm2 were 

calculated. 

On cross sections, the shape of muscle fibers, the density of their arrange-

ment, the state of the nuclei, the thickness and condition of the connective tissue 

layers were determined, and giant fibers were identified. On longitudinal sections, 

the condition and shape of muscle fibers, the state of the sarcolemma, the presence 

of striations (transverse, longitudinal), the presence of destructive changes (rup-

tures, cracks, fragmentation) were determined, and hypercontraction nodes were 

identified. 

Statistical analysis was carried out using R software (version 4.2.1). Quan-

titative data are presented as arithmetic means (M), standard errors of the mean 

(±SEM), standard deviations (±SD), minimum and maximum values (min/max), 

confidence intervals (CI) and median (Me). The normality of the distribution of 

parameters of quantitative variables was assessed using the Kolmogorov-Smirnov 

test. Identification of the relationship between the studied factor and morphomet-

ric parameters of muscle tissue was carried by one-way analysis of variance 

(ANOVA) and Dunnett’s test. The differences were considered statistically signif-

icant and a relationship between the indicators was accepted at a p-level not ex-

ceeding 0.05. 

Results. Animals from the control and experimental groups did not differ 

in either growth dynamics or slaughter indices (p > 0.05) (Tables 1, 2).  

1. Average bodyweight of pigs (Sus scrofa domesticus) F2 [(Large White ½ Landrace) ½ 
Duroc] fed a complex of adaptogens dihydroquercetin and vitamins E, C (M±SEМ, 
OOO Bryansk Meat Processing Plant, Bryansk Province, 2021-2022)   

Group 
Average bodyweight, kg 

group weighing (n = 54) individual weighing (n = 10) 
D a y  0  

Control   62,41 65,7±1,4 
Test 61,93 63,5±1,1 

D a y  58  
Control   113,26 112,6±1,6 
Test 114,33 114,1±2,1 

N o t е. For a description of the groups, see the Materials and methods section. 

 

2. Slaughter prameters of pigs (Sus scrofa domesticus) F2 [(Large White ½ Landrace) ½ 
Duroc] fed a complex of adaptogens dihydroquercetin and vitamins E, C (M±SEМ, 

OOO Bryansk Meat Processing Plant, Bryansk Province, 2021-2022) 

Group 

Average carcass weight, kg  Average slaughter weight, kg 

treatment 1 
(n = 10) 

treatment 2 
(n = 10) 

treatment 1 
(n = 10) 

treatment 2 
(n = 10) 

Control   90.7±5.1 83.0±4.7 80.5±1.3 73.6±1.3 
Test 90.7±5.0 83.2±4.6 79.5±1.2 73.0±1.3 

N o t е. For a description of the groups and treatments, see the Materials and methods section. 

 

Nevertheless, piglets from the experimental group grew more intensively 
than their peers in the control group (by 6.8%, or 929.7 versus 870.7 g/day). Of 
the control group, 98.1% aminals remained alive vs. 100% of the test group, 
which confirmed the positive role of the studied nutritional factor. In both groups, 
carcasses did not have statistically significant differences in slaughter yield regard-
less of calculation mode. This indicated insignificant differences in the dynamics 
of animal development during the fattening period and similar mass of the result-
ing carcasses, both with and without by-products (head, legs, and tail). 

Figure 1 shows the steps of morphometric analysis of muscle tissue in piglets. 
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Fig. 1. The sheme of morphometric studies of muscle tissue in pigs (Sus scrofa domesticus) F2 [(Large 
White ½ Landrace) ½ Duroc] fed a complex of adaptogens dihydroquercetin and vitamins E, C (Gorbatov 

Federal Research Center for Food Systems RAS, 2022). 
 

A B C 

   
D E F 

   
G H I 
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J Fig. 2. Cross sections of musculus longissimus dorsi of crossbred 

piglets (Sus scrofa domesticus) F2 [(Large White ½ Landrace) ½ 

Duroc] from the control group fed SK-6 feed: A-J — samples from 

carcasses Nos. 1-10 (hematoxylin and eosin staining, objective 

magnification ½10, eyepiece ½10, microscope AxioImaiger A1, 

Carl Zeiss, Germany; Gorbatov Federal Research Center for Food 

Systems RAS, 2022). 

 

Despite the fact that all animals were raised, 

fattened and slaughtered under the same conditions, 

differences in the muscle tissue were observed in pig- 

 

lets from the control and experimental groups. Figures 2 and 3 show representative 

photographs of the microstructure of each of the 10 samples in the control and 

test groups. Figure 4 shows the structure of muscle tissue with giant fibers. 
 

A B C 

   
D E F 

   
G H I 

   
J   

 

Fig. 3. Cross sections of musculus longissimus dorsi of crossbred pig-
lets (Sus scrofa domesticus) F2 [(Large White ½ Landrace) ½ Duroc] 
from the control group fed SK-6 feed and a complex of adaptogens 
dihydroquercetin and vitamins E, C: A-J — samples from carcasses 
Nos. 1-10 (hematoxylin and eosin staining, objective magnification 
½10, eyepiece ½10, microscope AxioImaiger A1, Carl Zeiss, Ger-
many; Gorbatov Federal Research Center for Food Systems RAS, 
2022). 

 

Student’s t-test revealed statistically significant 

differences between the control and test groups in the  

average length of sarcomeres (p = 0.000007) and in the density of muscle fibers 

(p = 0.02) (Table 3). The medians of these prameter in the test group were greater 

(2.1 µm and 201/mm2) than in the control (1.9 µm and 177/mm2), that is, the 

test group had a denser arrangement of fibers and a longer sarcomere length 

(Fig. 5, 6). 
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A B 

  

Fig. 4. Giant (red arrow) and normal (green arrow) fibers in transverse (A) and longitudinal (B) sections 
of musculus longissimus dorsi of crossbred piglets (Sus scrofa domesticus) F2 [(Large White ½ Landrace) 
½ Duroc]. Hematoxylin and eosin staining, objective magnification ½20, eyepiece ½10, microscope Ax-

ioImaiger A1, Carl Zeiss, Germany; Gorbatov Federal Research Center for Food Systems RAS, 2022). 
 

3. Morphometric tissue parameters of musculus longissimus dorsi in crossbred piglets 
(Sus scrofa domesticus) F2 [(Large White ½ Landrace) ½ Gorbatov Federal Re-

search Center for Food Systems RAS, 2022) 

Parameter  
Group 

comtrol trst 
Muscle fiber diameter, m k 1000 1000 

M±SD 56.8±16.7** 55.4±15.6** 
min-max 17.5-121.6 16.8-107.1 
Me 55.1 53.7 
SEM 0.5 0.5 
95 % CI 55.7-57.8 54.4-56.3 

Sarcomere length, m k 100 100 
M±SD 1.9±0.2* 2.1±0.3* 
min-max 1.5-2.2 1.6-2.7 
Me 1.9 2.1 
SEM 0.02 0.03 
95 % CI 1.9-1.9 2.1-2.2 

Muscle fiber density, number per unit cross 
section area (mm2) 

k 30 30 
M±SD 182±39* 206±40* 
min-max 124-265 146-286 
Me 177 201 
SEM 7 7 
95 % CI 169-198 189-218 

Diameter of giant fibers, m k 213 116 
M±SD 123.7±14.7 121.9±15.6 
min-max 91.7-169.1 91.6-177.6 
Me 122.5 119.5 
SEM 1.0 1.5 
95 % CI 120.6-124.5 118.8-124.5 

Area of giant fibers in cross section, m 2 k 213 116 

M±SD 11999±2892 11850±3129 

min-max 6597-22460 6588-24774 

Me 11784 11206 

SEM 198 291 

95 % CI 11572-12337 11222-12358 

N o t е. k — number of observations, M — mean, SD — standard deviation, min-max — minimum and maximum 
values, Me — median, SEM — standard error of the mean, CI — confidence interval. For a description of groups 
and options, see the Materials and methods section. 
* and ** Differences from control are statistically significant at р < 0,05 and р = 0,05, respectively. 

 

When examining histological sections in samples from the control and 
experimental groups, 213 and 116 giant fibers were identified, respectively, but no 
significant differences were established between the control and experimental 
groups in either the average diameter or the average area of giant fibers. 

Average values for groups observed in biological experiments are usually 

not indicative of varying parameters. Even though group means are the same, traits 

may differ significantly in the degree and pattern of variation in specific samples 

within each group [53]). In our experiment, the most significant variation was 
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observed in the average diameter and density of muscle fibers, as well as the aver-

age area and number of giant fibers (Table 4). 
 

 

Fig. 5. Distribution of fibers by the length of sarcomeres in musculus longissimus dorsi of crossbred 
piglets (Sus scrofa domesticus) F2 [(Large White ½ Landrace) ½ Duroc] in control (а) and when fed a 

complex of adaptogens dihydroquercetin and vitamins E, C (b) (Gorbatov Federal Research Center for 

Food Systems RAS, 2022). 
 

4. Coefficient of variation (%) of musculus longissimus dorsi morphometric parameters 
in crossbred piglets (Sus scrofa domesticus) F2 [(Large White ½ Landrace) ½ Du-
roc] fed a complex of adaptogens dihydroquercetin and vitamins E, C (n = 10; 

Gorbatov Federal Research Center for Food Systems RAS, 2022) 

Parameter 
Group 

control test 
Average muscle fiber diameter 29.39 31.12 

Average sarcomere length 8.51 12.32 

Muscle fiber density, number per unit cross section area  21.42 19.42 

Average diameter of giant fibers 12.00 12.81 

Average area of giant fibers on a cross section 24.11 26.40 

Giant fibers density, number per unit cross section area  70.83 100.00 

N o t е. For a description of groups and options, see the Materials and methods section. 

 

 

Fig. 6. Distribution of sections by the density of muscle fibers in musculus longissimus dorsi of crossbred 

piglets (Sus scrofa domesticus) F2 [(Large White ½ Landrace) ½ Duroc] in control (а) and when fed a 

complex of adaptogens dihydroquercetin and vitamins E, C (b) (Gorbatov Federal Research Center for 

Food Systems RAS, 2022). 
 

There was also a tendency towards significant differences between the control 
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and experimental groups in the average diameter of muscle fibers (p = 0.05), which 

varied respectively within the range of 55.7-57.8 and 54.4-56.3 µm. Moreover, 

the median in the experimental group was less than in the control group (53.7 

vs. 55.1 µm), which indicated a finer-fiber structure of the samples from the ex-

perimental group. However, the nature of the distribution of the values of this indi-

cator for the samples of the control and experimental groups was similar (Fig. 7). 
 

 

Fig. 7. Distribution of muscle fibers by diameter in musculus longissimus dorsi of crossbred piglets (Sus 

scrofa domesticus) F2 [(Large White ½ Landrace) ½ Duroc] in control (а) and when fed a complex of 

adaptogens dihydroquercetin and vitamins E, C (b) (Gorbatov Federal Research Center for Food Sys-

tems RAS, 2022). 
 

Given a significant variability of morphometric parameters, as well as the 

advisability of using, along with numerical data, a number of descriptive histolog-

ical characteristics, we adapted and applied a semi-quantitative method based on 

scoring, developed jointly by the Gorbatov Federal Scientific Center for Food 

Systems RAS and Federal Research Center for Livestock Husbandry — Ernst 

VIZh [52] (Table 5). 

5. Scheme for scoring the myopathy expression based on microstructural images of 
musculus longissimus dorsi of crossbred piglets (Sus scrofa domesticus) F2 [(Large 
White ½ Landrace) ½ Duroc]  

Parameter  
Description (value) of the indicator/points assigned 

no myopathy signs moderate  myopathy severe myopathy 
Shape of muscle fibers Slightly wavy, tightly 

spaced/1 
Mostly straight, tightly 
spaced/2 

Straight, lie freely in rela-
tion to each other/3 

State of transverse striation Clearly expressed/1 Small, close together, 
smoothed, uneven/2 

Small, close together, 
smoothed, uneven/2 

Average sarcomere length, µm From 2.0 (inclusive) 1.6-1.9 (inclusive)/2 Less than 1.6/3 
The presence of destructive 
changes in the sarcolemma 

and more/1 There are single ruptures 
of the sarcolemma/2 

There are multiple breaks 
in the sarcolemma/3 

Presence of giant fibers 
(contraction nodes), pcs/cm2 

Not detected/1 From 10 (inclusive) to 
30/2 

From 30 (inclusive) and 
more/3 

Average area of giant fibers on a 
cross section, µm2 

Not detected and/or sin-
gle detected (up to 10)/1 

From 10,000 (inclusive) to 
15,000/2 

From 15,000 (inclusive) 
and more/3 

Density of muscle fibers (number 
per unit area of cross section), 
pcs/mm2 

Up to 10,000/1 From 150 (inclusive) to 
250/2 

Up to 150/3 

The proportion of muscle fibers 
whose diameter is less than or 
greater than 1/3 of the average fiber 
diameter, % 

From 250 (inclusive) and 
more/1 

From 8 (inclusive) to 30/2 From 30 (inclusive) and 
more/3 

Microstructure by hematoxylin and eosin staining:  
cross section 
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Cpntinued Table 5  

longitudinal section 

   
N o t е. Muscle tissue without signs of myopathy, with destructive changes corresponding to the normal development 
of autolytic processes, included samples that did not have a score of 3 points for any indicator and scored no more 
than 12 points inclusive. Muscle tissue with moderately expressed myopathy included samples that scored from 13 
to 16 points inclusive; samples with moderate myopathy could not contain or contain individual giant fibers in the 
muscle tissue. Photos of the microstructure of such muscle tissue without giant fibers are shown above. Samples 
scoring over 16 points were classified as muscle tissue with pronounced signs of myopathy. In the photographs, green 
arrows indicate normal fibers, red arrows indicate giant fibers (staining with hematoxylin and eosin, objective mag-
nification ½20, eyepiece ½10, AxioImaiger A1 microscope, Carl Zeiss, Germany). 

 

According to the results of the scoring of the microstructure of muscle 

tissue (Table 6), in the control group only 1 sample was found that had no signs 

of myopathy, 4 samples had signs of moderate myopathy and 5 samples had signs 

of severe myopathy. In the test group, there were 4 samples without signs of myo-

pathy, and 6 samples with signs of moderate myopathy. In the experimental group, 

not a single sample with severe myopathy was identified. 

6. Individual scoring of musculus longissimus dorsi microstructure in crossbred piglets 
(Sus scrofa domesticus) F2 [(Large White ½ Landrace) ½ Duroc] fed a complex of 
adaptogens dihydroquercetin and vitamins E, C (n = 10; Gorbatov Federal Re-

search Center for Food Systems RAS, 2022) 

Parameter Group 
Scores  

1 2 3 4 5 6 7 8 9 10 
Shape of muscle fibers C 1 1 2 2 2 3 3 2 2 2 

T 2 2 2 1 1 3 1 1 3 3 

State of transverse striation C 1 1 1 1 1 1 1 2 2 2 

T 1 1 1 1 1 1 1 1 1 1 

Average sarcomere length C 2 2 2 2 2 1 2 2 2 3 

T 1 1 1 2 2 1 1 2 1 1 

Destructive changes in the sarcolemma C 3 1 3 1 2 1 1 3 3 3 

T 1 3 1 1 2 1 1 1 1 1 

Presence of giant fibers (contraction 

nodes) 

C 3 1 3 1 2 1 1 3 3 3 

T 1 3 2 1 1 2 2 1 1 1 

Average area of giant fibers on a cross 

section 

C 2 1 2 3 1 3 3 1 2 2 

T 1 2 2 2 2 1 2 2 1 1 

Density of giant fibers (number per unit 

cross section area) 

C 
3 1 2 3 2 2 3 2 2 2 

T 1 2 2 2 2 2 3 2 1 2 

Proportion of muscle fibers whose 

diameter is less than or greater than 1/3 

of the average fiber diameter 

C 2 2 2 2 2 2 2 2 2 3 

T 2 2 2 2 2 2 2 2 2 1 

Total points C 17 10 17 15 14 14 16 17 18 20 

T 10 16 13 12 13 13 13 12 11 11 

Conclusion about the signs of myopathy C S N S M  M  M  M  S S S 

T N M  M  N M M  M  N N N 

N o t е. C — control group, T — test group; N — no myopathy signs, M — moderate myopathy, S — severe 

myopathy. For a description of groups and options, see the Materials and methods section. 

 

Statistical processing of the results of scoring the severity of signs of myo-

pathy in muscle tissue samples (Table 7) showed that carcasses from the control 

and experimental groups had significant differences in the average length of sar-

comeres (p = 0.006) and the presence of destructive changes (p = 0.04). According 

to the average number of points (see Table 7), reflecting the overall severity of 

myopathy, both groups differed significantly (p = 0.004). Nevertheless, based on 

the average number of points, both the control and experimental groups should 

be classified as samples of muscle tissue with moderately severe myopathy. How-

ever, the difference was obvious: the control group approached the state of severe 

myopathy (over 16 points), and the experimental group approached the state without 
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signs of myopathy (up to 12 points inclusive). 

7. Average score (in points) of the myopathy severity in crossbred piglets (Sus scrofa 

domesticus) F2 [(Large White ½ Landrace) ½ Duroc] fed a complex of adaptogens 

dihydroquercetin and vitamins E, C (n = 10, M±SEМ; Gorbatov Federal Research 

Center for Food Systems RAS, 2022)  

Parameter 
Group 

control test 
Shape of muscle fibers 2.0±0.2 1.9±0.3 

State of transverse striation 1.3±0.2 1.0±0.0 

Average sarcomere length 2.0±0.3* 1.3±0.2* 

The presence of destructive changes in the sarcolemma 2.1±0.3* 1.3±0.2* 

Presence of giant fibers (contraction nodes) 2.1±0.3 1.5±0.2 

Average area of giant fibers on a cross section 2.0±0.2 1.6±0.2 

Muscle fiber density (number per unit cross section area) 2.2±0.2 1.9±0.2 

Proportion of muscle fibers whose diameter is less than or greater than 1/3 

of the average fiber diameter 2.1±0.1 1.9±0.1 

Average points 15.8±0.9* 12.4±0.5* 

N o t е. For a description of groups and options, see the Materials and methods section.  

* Differences from control are statistically significant at р < 0.05. 

 

An increasing number of myopathies have been consistently reported in 

animals raised intensively for meat. At the same time, there is a decline in the 

consumer quality of meat products [53, 54], which leads to huge economic losses 

for the industry. In our study, only one carcass was identified in the control group, 

where we did not find signs of myopathy in the muscle tissue, while half of the 

examined samples were classified as muscle tissue with severe myopathy. The high 

incidence of myopathic changes in the control group indicates the presence of a 

problem and confirms the concern of many researchers about the decline in the 

consumer characteristics of meat. 

Recently, the use of adaptogens to reduce the effects of oxidative stress 

caused by factors associated with animal husbandry and slaughter has become 

increasingly popular in livestock and poultry farming [55, 56]. Polyphenols of plant 

origin, fat- and water-soluble vitamins are considered as adaptogens-antioxidants 

[57, 58]. Their effectiveness in in vivo experiments is judged mainly by blood 

parameters characterizing the antioxidant status of individuals receiving the adap-

togen, as well as by some organoleptic qualities of meat that are important from 

the consumer’s point of view, for example, the color of muscle tissue [59]. How-

ever, very few studies have been devoted to the study of the microstructure of 

muscle tissue in meat depending on the antioxidant status of animals. In this 

regard, our study is of interest in both theoretical and practical aspects. 

To increase the antioxidant status of crossbred piglets, we used a complex 

of adaptogens - dihydroquercetin, vitamins E and C, which was selected based on 

an analysis of literature data and our own research. In the experimental group, we 

observed an improvement in the microstructure of muscle tissue. The muscle fibers 

were located more densely, the transverse striations were more pronounced, the 

length of the sarcomeres increased, and fewer destructive changes in the sarco-

lemma of the muscle fibers were observed. Muscle fibers are the key element of 

muscle tissue. The connection between these changes in microstructure and im-

proved meat quality was noted in the works of other authors [60, 61]. The pre-

dominance of fibers of small and medium diameter without destructive features 

helps to improve the quality of meat [62]. Changes in the number and diameter 

of muscle fibers entail changes in meat quality [63]. 

The characteristics of muscle fibers depend on genetic factors [64]. Inten-

sively growing animals obtained through two- and three-breed crossings are infe-

rior to slow-growing purebred individuals in terms of muscle fiber density [60, 61, 

63]. A positive effect of increased values of this indicator on the quality of meat 
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is noted [62]. In our experiment, due to the nutritional factor in animals of the 

same genetic origin, the F2 [(Large White ½ Landrace) ½ Duroc] the density of 

muscle fibers was increased by 14% which can be considered a significant effect. 

Giant fibers should be viewed as pathological consequences of past stress 

rather than as an additional type of normal muscle cell [23]. The presence of a 

large number of giant fibers in muscle tissue is also more typical for hybrid animals, 

suggesting the development of the PSE defect and low consumer characteristics of 

meat [62]. In samples of muscle tissue from piglets from the experimental group, 

we detected 46% fewer giant fibers. 

Thus, when feeding crossbred piglets with a complex of adaptogens dihy-

droquercetin and vitamins E, C (DEC), significant differences were revealed be-

tween samples of the control and experimental groups in the average length of 

sarcomeres, the density of muscle fibers, the presence of destructive changes in 

the sarcolemma and the overall score of the severity of myopathic changes. The 

nature of the identified differences indicated an improvement in the condition of 

muscle tissue in animals receiving the adaptogen complex. It should be noted the 

effect of DEC on reducing the number of giant fibers which indicates positive 

changes in muscle metabolism before and after slaughter. In our experiment, fac-

tors such as genetic, breed, conditions of keeping and handling of animals were 

excluded. That is, the reduction in the risk of obtaining low-quality meat in the 

experimental group was achieved only through the use of DEC in vivo, which 

allows us to conclude that the adaptogen complex influences the stress resistance 

of animals and glycolysis in meat. The decrease in the number of giant fibers in 

the experimental group by almost 2 times (11.6 vs. 21.3/cm2 in the control) indi-

cated a significant improvement in their microstructure. The less pronounced na-

ture of destructive changes in the sarcolemma in the experimental group also in-

dicated an increase in the stress resistance of animals. Our studies of the muscle 

microstructure give reason to believe that the problem of reducing pork quality in 

fast-growing hybrids can be solved by coorrectly added small doses of dietary adap-

togens. 
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