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Chemical composition, energy and biological value of broiler
chicken meat caused by various doses of selenium
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From the standpoint of modern ideas, the normal functioning of the poultry body and full implementation her of the genetic
potential is impossible without the presence of selenium in the diet. The biochemical diversity of selenium puts it in @ number of
priority trace elements. Scientists who were studying the effects of selenium on poultry body and paid relatively little attention to
the quality of the meat. In scientific experiment are studied the effect of additives different doses of selenium in compound feed on
the chemical composition, energy and biological value of meat of the cross chickens-broilers COBB 500. Introduction of selenium
into the feed for broiler chickens in the doses which are studied (0.3 mg/kg, 0.4 and 0.5 mg/kg) didn't significantly affect to the
quality of their muscle tissue although it positively affected on some indicators that characterizing its chemical composition,
nutritional and biological value. Among the experimental groups, the best meat quality indicators were in the second group of
chickens for which was introduced into the feed selenium from the calculation of 0.3 mg/kg. When feeding mixed feeds with
selenium additives to broiler chickens it was found that it is likely to increase the concentration of this trace element in muscle tissue
by 60.6—-100% (P<0.001), which doesn’t exceed the maximum permissible level (MPL). Consumption of selenium-enriched meat of
broiler chickens within the limits of the physiological norms recommended in Ukraine will ensure the daily requirement of an adult in
this trace element by 23.6-29.4%. This meat product can be especially useful for people who live in regions with low levels of
selenium in the natural environment.
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Introduction

Among the numerous elements of the technological process of growing young poultry for meat which ensure its high productivity and
viability as well as the proper payment of feed with high-quality products and important role is given to full-fledged feeding.

The modern system of normalized feeding provides full satisfaction of the individual poultry needs in metabolic energy, nutrients and
biologically active substances including trace elements. Full-fledged feed for poultry is impossible to imagine without guaranteed
additives of trace elements. In different countries the same trace elements are added to poultry compound feeds and even at about the
same doses. However, periodically the norms for the introduction of trace elements in feed for poultry are revised and refined taking
into account new achievements of science and practice. Selenium is one of the trace elements that attract the attention of scientists
and specialists of the poultry industry. According to the modern classification of trace elements which are based on their biological
significance for the organism and influence on the immune system selenium belong to the group of vital (Kudrin et al., 2000).

Selenium is contained in the body in small quantities performs unique multifaceted functions such as catalytic, structural, regulatory in
the process of which it activates the action of many enzymes, vitamins, hormones and thus ensure the normal functioning of various
biological systems the implementation of numerous physiological and biochemical reactions in a living organism (Reilly, 2013).
According to the results of numerous studies are conducted on various species of farm animals and poultry that selenium has
antioxidant, anti-carcinogenic, radio protective, immunostimulatory, antiviral and antitoxic properties. There is direct evidence of the
effect of selenium on osteogenesis, reproductive function, growth and development processes (Surai & Fisinin, 2014; Sobolev et al.,
2018; Gutyj et al., 2019; Sobolev et al., 2019; Ashraf et al., 2019). Thus from the standpoint of modern ideas the normal functioning of
the poultry's body and its full implementation of the genetic potential impossible without the presence of selenium in the diet. Despite
the biochemical complexity of this trace element selenium has not used enough yet in the feeding poultry in Ukraine. This is due to the
inconsistency of differentiated norms of its introduction into feed for poultry of different species, age and direction of productivity.
Analysis of available literature sources show that published data is not enough on the optimal rates of selenium introduction into feed
for broiler chickens. However, it's known that the minimum requirement for selenium of all types of poultry is 0.08-0.10 mg kg™ of
feed. Scientifically standards are based of the introduction selenium in feed for broiler chickens that developed in different countries of
the world they have differences. Scientists of the all-Russian research and engineering Institute of poultry breeding recommend to
enrich feed for broiler chickens with selenium at the rate of 0.2 mg kg™. The same opinion is shared by their colleagues from Germany.
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Scientists of the company "Cobb” (England) note that the diet of broiler chickens should contain selenium in feed at least 0.3 mg kg™.
Another British poultry breeding company “Aviagen” believes that to achieve high productivity of broiler chickens it is sufficient to
introduce in the feed of selenium of 0.15 mg kg™, Experts from the Czech company “Biofactory” came to the conclusion that 1 kg of
feed for broiler chickens need to enter of 0.17 mg selenium. According to the Belgian company “Vitamex” the rate of introduction
selenium in feed for broiler chickens during the growth period of 1-10 days compose 0.25 mg kg?, 11-24 days is 0.3 mg kg and
before slaughter 25 days is 0.375 mg kg'’. Ukrainian scientists believe that broiler chickens should receive selenium additive in feeds in
the amount of 0.25— 0.30 mg kg™ throughout the growing period. According to the recommendations of the Ministry of Agriculture and
Food Products of the Republic of Belarus the level of selenium in the diets of broiler chickens should be 0.5 mg/kg of feed. At the same
time, Canadian researchers claim that the norm of selenium in complete feed for chickens should not exceed of 0.3 mg kg™.

In recent years in scientific publications there are publications of various authors who believe that the level of selenium in the diet
affects on some indicators of the quality of broiler chicken’s meat (Wang et al., 2011; Yang et al., 2012; Boiago et al., 2014; Oliveira et
al., 2014; Bakaeva et al., 2015). The researchers were primarily interested in the physical and chemical parameters of meat the
deposition of selenium in muscle tissue and internal organs. The influence of additives of different doses of selenium in feed for broiler
chickens on the chemical composition of their meat, its energy and biological value hadn't been studied.

Materials and Methods

Experimental research was carried out on broiler chickens cross COBB 500. For carrying out scientific and economic experiment was
formed four groups with daily young growth on 100 heads in each groups on the principle of analogues. The duration of the
experiment was 42 days and corresponded to the period of growing young animals for meat. According to the existing norms of
feeding chickens from daily to 42-day age was carried out by dry complete compound feeds which are balanced on the basic nutritious
and biologically active substances. Poultry of the first control group didn't receive selenium additive in feed. According to the scheme of
the experiment in the feed of poultry of the experimental groups additionally introduced different amounts of selenium (Table 1).

Table 1. Scheme of scientific experiment.

Group Selenium supplement in complete feed,mg/kg
1 Control Group Complete feed — CF
2 Experimental Group CF+ 0.3
3 Experimental Group CF+ 0.4
4 Experimental Group CF +0.5

Selenium in feed for broiler chickens was taken as part of the mineral premix. As a source of selenium used sodium selenite
classification of “H” (TU 6-09-17-209-88 registered in the identifier of chemical compounds (CAS) under the number 10102-18-8).
The poultry were kept on the floor (on the same litter). Access to feed and water was free. Technological parameters of cultivation
in all groups were identical and corresponded to existing norms which are recommended for broilers (Galibarenko et al., 2005).

At the end of scientific experiment in 42 days of age were selected 4 heads of poultry from each group and their control slaughter
was carried out. After the control slaughter of broiler chickens a complete anatomical disassembly of their carcasses were performed
according to the existing guidelines (Lukashenko, 2013).

During anatomical disassembly and collapse of the carcasses of broiler chickens were carried out by the selection of medium
samples of muscle tissue (thigh muscles, shin and chest muscles) were taken for chemical analysis (GOST 7702.2.0-95, 2009).
Determinations of the chemical composition of the muscle tissue of broiler chickens were carried out by the following methods:

— mass fraction of moisture-by drying the sample in a drying oven at a temperature of 100-105 °C to a constant mass (DSTU ISO
1442:2005, 2008);

— Mass fraction of nitrogen and protein by Kjeldahl method (DSTU ISO 937:2005, 2007);

— Mass fraction of fat — extraction with ethyl alcohol in Soxhlet apparatus (DSTU ISO 1443:2005, 2007);

— Mass fraction of ash — by burning the sample in a muffle furnace at a temperature of 525-550 °C (DSTU ISO 936:2008, 2010).

The energy value (E) of broiler chicken meat was determined according to the existing methodology (Metodika viznachennja
himichnogo skladu ta energetichnoi cinnosti produktiv harchuvannja, 2000) and calculated by the formula:

E=[S-(zh + 2)] x 4,0 + (Zh x 9,0),
where S is the dry matter content in meat,%; Zh — fat content in meat,%; Z — ash content in meat,%.

The relative biological value of meat was determined by micro method using a test organism of Tetrahymena pyriformis infusoria
strain WH,, (Mikitjuk et al., 2004). Determination of the concentration selenium in muscle tissue was carried out by atomic
absorption method on the spectrophotometer "Saturn-3 P1". Sample preparation (wet mineralization) was carried out according to
the existing method (Holak, 1980).
The intensity of biological accumulation of selenium in the muscle tissue of broiler chickens were estimated by the accumulation
coefficient (AC) which was calculated by the formula:

AC = C”/Cf;
where C,, — 1the content of selenium in the muscle tissue of broiler chickens, mg/kg of fresh tissue; C,— the dose of selenium in
feed, mg kg™.

Computer programs of statistical processing Microsoft Excel were used for mathematical processing of research results. The
reliability of difference between the groups was assessed by Student's t-test.

Results and Discussion

The study of the chemical composition of the muscle tissue of broiler chickens of the control and experimental groups didn’t reveal a
significant difference between them. However, according to the majority of indicators that characterize the nutritional value of meat
can be traced the advantage of young animals have grown on mixed feeds which included selenium (Table 2). The study of muscle
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tissue samples showed that broiler chickens of the experimental groups generally had slightly better chemical indicators of meat
quality and some indicators were at the level of the control group. Despite the absence of a significant difference between the
groups for most indicators that characterized the nutritional value of meat, the nature of the deposition of protein, fat and ash in
the muscle tissue of young animals of the experimental groups in a certain way indicates the influence of selenium supplements.

Table 2. Chemical composition, energy and biological value of muscle tissue of broiler chickens, (mean + standard deviation, n=4).

Groups
Indicators 1 Control 2 Experimental 3 Experimental 4 Experimental

The dry matter content,% 25.8 £ 0.16 26.1 £0.21 26.0 £ 0.06 25.9 £ 0.16

Protein 19.4 £ 0.09 19.6 £ 0.15 19.4 £ 0.11 19.4 + 0.22

Fat 4.1 £0.21 4.4 +£0.12 4.3 £ 0.16 4.2 £0.13

Ashes 1.2 £ 0.04 1.3 £ 0.05 1.2 £ 0.07 1.2 £ 0.02
Energy value, kcal 100 g! 119.0 £ 1.18 121.4 £ 1.25 120.6 £ 0.86 120.0 £ 1.07
The number of grown ciliates, units ml™ 8.28 + (21.225 8.47 + 2.047 8.51 + 2.121 8.39 = (1.151

! x10 x10 x10 x10

Relative biological value,% 100.0 102.3 102.8 101.3
The concentration of selenium, mkg% 7.1+0.11 11.4+046" 13.5+0.197 14.2+0.147

Note. The probability of difference between the control and experimental groups = £<0.001.

The results of the chemical analysis showed that the amount of total moisture in the muscle tissue of the poultry of experimental
groups tended to decrease due to an increase in the dry matter content. So, if the content of dry matter in the meat of young
animals of the control group was 25.8%, then their peers from the second experimental group it was higher by 0.3%, the third
group by 0.2 and the fourth group by 0.1%.

The increase in the dry matter content in the muscle tissue of broiler chickens of the second experimental group was due to a slight
increase in the content of protein, fat, ash in the third and fourth experimental groups only fat. In terms of protein content the
young poultry of the second experimental group exceeded by 0.2% their peers from the control and other experimental groups
where the same figure was 19.4%. The level of fat in the meat of young animals of the second experimental group was 0.3%
higher, the third group was 0.2 and the fourth was 0.1% higher than that of poultry of the control group (4.1%).

The ash content in the muscle tissue of the control and experimental groups were almost the same. In the control group and in the
third and fourth experimental groups this indicator were at the same level (12.0%). In young poultry of the second experimental
group was higher by 0.1%.

On the basis of data on the chemical composition of meat was determined by its caloric content. Since the caloric content of meat is
largely determined by the content of protein and fat, therefore, this figure was slightly higher in the poultry of the experimental
groups. Calculations showed that the energy value of 100 g of muscle tissue in broiler chickens of the second experimental group
was 121.4 kcal, in the third group was 120.6 and the fourth group was 120.0 kcal, which is 2.0%, 1.3 and 0.8% more than in the
control group. One of the reliable criteria for assessing the quality of animal products, including poultry meat it is the biological
value of the product, which is determined by its harmlessness, organoleptic properties, nutritional value, biological activity.

For express methods of determining the biological value of the product one of the most convenient and promising test objects is
considered the Tetrahymena pyriformis ciliated. The criterion of the relative biological value of meat is the number (expressed as a
percentage) of infusoria grown in three days in experimental samples in relation to the number of cells grown in control samples.
Evidence of non-toxicity meat is the lack of dead ciliates and any pathological changes of Tetrahymena pyriformis during the period
of incubation. The obtained results indicate that the relative biological value of muscle tissue of broiler chickens in the experimental
groups in comparison with the control group increased by 1.3-2.8%. It should also be noted that in the samples of young poultry
meat of the control and experimental groups didn't find dead or deformed ciliates which indicates the absence of toxicity of these
samples. Our results agree with the data of other scientists who studied the effect of selenium preparations on the qualitative
composition of broiler chicken meat and noted a slight increase in the content of dry matter, protein and ash. However, the data
they obtained on the content of fat is contradictory. According to some data, the fat content in the meat of young poultry with the
introduction of additional amounts of selenium in the diet tended to increase (Ponomarenko, 2007) and according to others to
decrease (Rassolov et al., 2008). There are also reports that due to the selenium supplement at a dose of 0.25 mg/kg of feed that
are improved the chemical composition of broiler meat can increase its caloric content by 2.9% (Kornilova & Belova, 2008). This
once again confirms our data and the general conclusion that the nutritional value of meat depends on the content of essential
nutrients, particularly protein and fat. Scientists had studied the relationship selenium with the quality of slaughter products of
broiler chickens and they also believe that its additives in feed increase the relative biological value of meat (Ponomarenko, 2007;
Shackih, 2009). On the one hand the increase in the biological value of meat under the action of selenium is probably explained by
changes in the content and profile of essential amino acids in proteins and fatty acid composition of lipids, on the other hand it's
explained by slowing down the oxidation of proteins and unsaturated fatty acids that included in the lipid composition as well as the
destruction of already formed peroxides. Our conclusion is consistent with the literature data (Bokova & Birjukova, 2007; Kruk et al.,
2007; Suraj & Papazjan, 2007). In that the main source of selenium in the human body is food products, firstly we were interested
safe food hygiene its concentration finds in the meat of broiler chickens and secondly whether it is possible at the expense of
selenium-enriched meat to correct the selenium status of the population of Ukraine.

The results of the meat analysis for the content of selenium showed that it found in all the samples that were studied. The obtained
data allowed us to establish that with the increase in the level of selenium in mixed feeds its concentration in the muscle tissue of
broiler chickens also increased. So, if this indicator in the young poultry of the control group was equal to 7.1 mkg%, then their
peers from the second experimental group was probably higher by 60.6% (P<0.001), the third group was higher by 90.1 (P<0.001)
and the fourth group was higher by 100% (P<0.001). The obtained results indicate that the meat of broiler chickens of the
experimental groups is safe for humans from the point of view of food hygiene because the content of selenium in it does not
exceed the maximum permissible level of this trace element for meat which is 1.0 mg kg™ (Smoljar & Petrashenko, 2005; Malinin et
al., 2007).
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The obtained results are consistent with the conclusions of many scientists who believe that by introducing selenium supplements
into the feed diet may to increase its content in the organs and tissues of farm poultry (Cvrtila et al., 2005; Januzi et al., 2019; Silva
et al., 2019). However, the data on the effect of selenium supplements in feed on its accumulation in the muscle tissue of poultry
are quite contradictory and do not always lend themselves to correct comparison. For example, due to the natural content of
selenium in feed (0.09-0.18 mg kg) in the muscles of 60-day-old broiler chickens cross “Smena” its level was 16.9 mkg/%
(Japparov & Rodionova, 2006). The meat of 49-day-old broiler chickens for which during the period of cultivation was enriched
mixed fodder with selenium at the rate of 0.2 and 0.3 mg kg™, contained it on average 5.6 and 8.2 mkg/% (Rassolov et al., 2008).
Similar data on the concentration of selenium in muscle tissue (8.2 mkg/%) was obtained by researches on broiler chickens of
Hubbard Flex cross but when it had introduced into feed at a dose of 0.5 mg/kg (Ponomarenko, 2007).

Differences in the concentration of selenium in the meat of broiler chickens even at the same doses of its introduction into feed is
explained by the difference in geochemical zones and feeding conditions in which researches were conducted the composition of the
diet the cross of poultry and unequal availability of trace elements from various chemical compounds.

It should also be noted that the increase in the concentration of selenium in the muscle tissue of poultry of experimental groups
were not proportional to its receipt with feed as evidenced by the coefficients of accumulation of this trace element. It is established
that with increase levels of selenium in feed the intensity of its biological accumulation in the muscle tissue of broiler chickens
decreased (Figure 1). Sufficiently low values of accumulation coefficients (0.28—-0.38) indicate that selenium has a weak
accumulation capacity in the body of broiler chickens.

Forest-Steppe of Ukraine the rape blossom beetle in the imago stage hibernates on the surface of the soil under the fallen leaves or
plant remains on the edges of forests, in gardens and parks. In the course of the inspection and calculations conducted in 2007-
2012 in the experimental fields of the Educational, Research and Production Centre “Research Field” of Kharkiv National Agrarian
University named after V.V. Dokuchaiev and the state enterprise “Research Farm “Elitne” of the Institute of Plant Growing named
after V.Ya. Yuryiev of the National Academy of Agrarian Sciences of Ukraine we have found out that the first individuals of the rape
blossom beetle appear on the flowering plants (first of all dandelion and buttercup) when the average daily temperature passes
through the mark 8°C. The earliest emergence of the beetles on these plants was observed in 2008, 2010 and 2012. The beetles
emerged already in the middle of the first decade of April. In 2007 and 2011 the latest period of the beetles’ emergence was
observed, it was the beginning of the third decade of April (Table 1).

The mass emergence of the rape blossom beetle took place when the average daily temperatures fluctuated within 9—13°C and the
sum of the effective temperatures above 5 °C was 100-113 °C. From the data given in Table 1 it is seen that in 2008 the mass
emergence of the rape blossom beetles from the hibernation places was in the middle of the second decade of April and it was the
earliest during the research period; and in 2009 the beetles emerged at the end of the third decade of April and it was the latest
period oh their emergence. After the hibernation the rape blossom beetles feed on the pollen of the flowering vegetation, first on
dandelion and buttercup, then on the fruit trees (apricot, plum, cherry and apple) and on the weeds from the cabbage family (colza,
hedge mustard and field mustard). According to our observations the active populating of spring oily cabbage crops by the rape
blossom beetle took place at the very beginning of the budding phenophase (about the second decade of June), although the
solitary individuals have been found since the beginning of the rosette formation (in the second decade of May). With the beginning
of the budding phase the population density of the rape blossom beetle in the fields under the oily cabbage crops dynamically
increases and reaches its peak before flowering. We noted the beginning of the beetles mating in the third decade of May and at
the beginning of the first decade of June; and the laying of eggs was noted beginning from the second decade of June.

At the end of the second and at the beginning of the third decade of June the reappearance of the rape blossom beetle larvae was
observed; they fed for about 25-30 days and pupated at the end of the third decade of June and at the beginning of the first
decade of July. At the end of the first decade of July the emergence of a new generation of the beetles was noted. In the third
decade of June, when the plants are in the phase of the pods formation, the beetles begin to leave the field. The seasonal
dynamics of the rape blossom beetle number on spring rape and mustard are shown in the form of diagrams in Figure 1.
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Figure 1. Coefficients of selenium accumulation in the muscle tissue of broiler chickens.

Considering the data obtained it can also be argued that the meat of broiler chickens for which were introduced into the feed
additives selenium in the above doses it is a good source of this trace element for humans. Consumption of selenium-enriched meat
of broiler chickens within the recommended physiological norms in Ukraine (145 g day™) (Postanova Kabinetu Ministriv Ukrai'ny,
2016) should provide the daily requirement of an adult in this trace element (70 mkg) by 23.6-29.4%. Similar calculations can be
carried out for the main social and demographic groups of other countries based on the norms of consumption of meat and meat
products that force in these countries.
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Conclusion

Introduction of selenium into the feed for broiler chickens in the doses which are studied (0.3 mg/kg, 0.4 and 0.5 mg/kg) didn't
significantly affect to the quality of their muscle tissue although it positively affected on some indicators that characterizing its
chemical composition, nutritional and biological value. Among the experimental groups, the best meat quality indicators were in the
second group of chickens for which was introduced into the feed selenium from the calculation of 0.3 mg/kg.

When feeding mixed feeds with selenium additives to broiler chickens it was found that it is likely to increase the concentration of
this trace element in muscle tissue by 60.6-100% (P<0.001), which doesnt exceed the maximum permissible level (MPL).
Consumption of selenium-enriched meat of broiler chickens within the limits of the physiological norms recommended in Ukraine will
ensure the daily requirement of an adult in this trace element by 23.6-29.4%. This meat product can be especially useful for people
who live in regions with low levels of selenium in the natural environment.
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