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Abstract. The presented results expand the understanding of the normal 
chemical composition of the body. The study was carried out on the basis 
of a pig-breeding farm in the Altai Territory in 2016-2020 on clinically 
healthy 6-month-old pigs of the Landrace breed. Chemical analysis of pig 
bristles was performed by inductively coupled plasma atomic emission 
spectrometry. The data were processed using Statistica 8 software (StatSoft 
Inc., USA). A study of the correlations between phosphorus in bristles and 
other macro-, microelements, as well as chemical elements associated with 
phosphorus, has been carried out. Only positive connections of different 
strengths have been established between phosphorus and elements 
involved in the formation of bone tissue (calcium, magnesium, 
manganese), copper, iron and strontium. There are two groups of direct 
interactions of different strengths between the chemical elements 
associated with phosphorus. Explained supposedly the essence of the 
connections, which is consistent in the bristle, as the final site of exchange, 
with organs and tissues of mammals. 

1 Introduction 
In the Russian Federation, since 2005, there has been an increase in the production of pig 
products. For 2020, an internal market for its own products has actually been formed, and 
pig farming, as an industry, is practically self-sufficient, one of the most technologically 
advanced in the state and investment attractive [1, 2]. The threshold value of the economic 
affordability of pork in accordance with the Food Security Doctrine of Russia should be 
100%, in fact, at the end of the last decade it was 150.0% with a decrease in imports by 
75.0% and an increase in livestock by 58.8%. The existing production volumes of these 
products fully satisfy the needs of the population, even exceeding the rational nutritional 
standards [3].  
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Animals of the Landrace breed are distinguished by high maturity and payment for feed, 
they are sensitive to a number of factors, but they produce meat with a low level of fat, 
which is competitively beneficial in the light of most other domestic breeds [4]. With 
regard to animal productivity, there are critical points that affect it, namely genetic 
potential, feeding, health and veterinary well-being. The listed factors act in combination, 
and animals with a genetic advantage do not realize it without an appropriate full-fledged 
diet [5].  

Macro- and microelements that cause growth, development of reproduction of human 
and animal health [6]. Number of different diseases, for example, autoimmune, 
neurodegenerative, oncological, metabolic diseases, are associated with an excess, 
deficiency or imbalance of chemical elements in the mammalian body, and the damage to 
public health caused by these causes in the world is highly underestimated [7]. In this 
regard, there is an urgent need to study the mineral status, including of farm animals, the 
ratio between its components and their relationships, which is relevant in the context of the 
intake of chemical elements into the human body, as the final link in the food chain, since 
more than 90% exposure associated with food of animal origin [8-11].  

Assessing mineral status, namely the choice of biological substrate, can be challenging. 
Traditionally, blood is used for this. But in this case, many factors affect the concentration 
of chemical elements, and the specified matrix reflects the trace element status based on a 
limited, often short, period of time. An example of this is the diagnosis of iron deficiency in 
humans, when the value of serum iron can be reduced, within normal limits and even 
increased, which depends on the intake of medications containing iron the day before, a 
meat diet, transfusion [12]. 

Increasingly, nails, hair, hoof horn, teeth are used as a biological substrate for assessing 
the level of chemical elements in humans and animals and for biomonitoring. structures that 
can be archives of concentrations of macro- and microelements [13-20]. As for the 
derivatives of the skin, the ability to keratinize preserves the chemical elements in keratin, 
thereby isolating them from the metabolic processes taking place in the body at the 
moment. Accordingly, the study of these structures can retrospectively reflect the mineral 
status of the object over an extended period [21, 22].  

Hair or bristles are very convenient for research, since their samples are easy to take, 
there is no injury, no equipment is needed for transportation and storage, information value 
does not disappear for an unlimited time [23]. Based on the study of animal hair samples, 
there is a method for diagnosing chronic microelementosis of ungulates [24].  

In our opinion, pigs are a particularly convenient model, their hairline consists mainly 
of guard hairs, which have a relatively slow growth rate, which by six months allows 
obtaining integral information characterizing the averaged biochemical processes, in fact, 
over the entire life of the animal [25].  

Data on the concentration of chemical elements in various organs and tissues of animals 
can become the basis for the development of methods for improving production indicators, 
optimizing the use of resources and obtaining economically profitable, high-value food 
products [26]. The study of the relationship between chemical elements in the body of 
healthy animals can be a starting point for further assessment of metabolic consequences in 
conditions of increasing pollution caused by anthropogenic influence [27]. There are works 
showing the dependence of the content of some chemical elements on others, for example, 
some parts of the feathers of laying hens can be markers of zinc levels in blood serum, 
muscles and bones [28, 29].  

Phosphorus is one of the most researched macronutrients in pig nutrition, but there are a 
number of gaps in knowledge about it at the macroorganism level [30]. About 80-85% of 
phosphorus is in bone tissue in the form of hydroxyapatite, the remaining amount is in soft 
tissues, here it is the main intracellular anion, a component of ATP and ADP, nucleic acids, 
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phospholipids. Phosphorus is associated with mitochondrial respiration and oxidative 
phosphorylation. Thus, the main function of phosphorus is the structural and metabolic 
support of mammalian growth [31]. The main stages of macronutrient homeostasis in the 
body are its absorption in the small intestine, absorption and excretion in the kidneys, 
deposition in bone tissue. The leading regulators of this process are endocrine factors, there 
is also a genetic component [32]. The main consequences of an excess or deficiency of this 
chemical element in pigs are rickets and osteomalacia [33].  

The quality and safety of agricultural products is affected by the health status of animals 
and the ecological environment of their habitat, therefore, systematic monitoring of the 
chemical composition of the animal body and its other parameters is necessary [34]. There 
is also an opinion that it is impossible to achieve, for example, complete individual 
elimination of micronutrient deficiency, since a general strategy with several types of 
impact is needed, taking into account the characteristics of specific regions, vegetation, 
prevailing sectors of agriculture [35]. Consequently, science faces a large-scale and 
complex task against the background of a shortage of fully satisfying food products, where 
elementology is an integral part. 
The aim of the study was to establish links between the level of phosphorus and macro- and 
microelements in the bristles of Landrace pigs.  

2 Materials and methods  

The study was carried out on large pig-breeding farm in the Altai Territory in 2016-2020. 
on a group of clinically healthy 6-month-old pigs of the Landrace breed. The conditions for 
keeping animals were standard [36]. The pigs were vaccinated according to the plan of 
veterinary and preventive measures of the farm. During fattening, the animals were 
subjected to elements of general and special research by veterinary specialists. Feeding the 
pigs was typical with the use of complete compound feed, the amount of which increased 
during growth in accordance with the norms and recommendations. Nutritional, mineral 
and vitamin content has been balanced. Control of compound feed was carried out in 
accordance with the nomenclature of guaranteed and additional indicators in accordance 
with GOST [37, 38]. Water for drinking animals came from farm self-supply source, its 
quality corresponded to the second class of GOST [39].  

The bristles of pigs were examined. Hair samples were cut with ethanol-purified 
stainless-steel scissors from the dorsal neck. The number of samples was 15. A sample of 
bristles weighing 100 mg was carried out using bidistilled water, acetone and deionized 
water sequentially according to the scheme. Sample preparation included dissolution in 
nitric acid at high autoclave temperatures. Elemental analysis was performed by inductively 
coupled plasma atomic emission spectrometry on an iCAP-6500 spectrometer from Thermo 
Scientific (USA) [40].  

The obtained values were processed using the Statistica 8 software (StatSoft Inc., USA). 
The distribution pattern was assessed using the Shapiro-Wilk test. The Pearson correlation 
coefficients (r) are calculated.  

The reported study was funded by RFBR according to the research project № 20-316-
90029.  

3 Results and discussion 
The level of phosphorus in the bristles of Landrace pigs is associated with medium, high 
and very high positive bonds, both with individual macronutrients and microelements 
(Table 1). 
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Table 1. The relationship of phosphorus levels with macro- and microelements in the bristles of 
Landrace pigs. 

Correlated parameters n r ± Sr P 
P – Mg 15 0.749 ± 0.184 > 0.99 
P – Ca  15 0.645 ± 0.212 > 0.99 
P – Mn 15 0.968 ± 0.070 > 0.999 
P – Cu 15 0.823 ± 0.158 > 0.999 
P – Fe 13 0.662 ± 0.225 > 0.95 
P – Sr 15 0.895 ± 0.124 > 0.999 

Phosphorus and magnesium in a macroorganism have significant biochemical points of 
contact, for example, these are intracellular components with the main place of 
accumulation in bone tissue in the form of the same organic component, they also have an 
important structural and synthetic role in the production of ATP molecules [41]. 
Phosphorus, magnesium and calcium have a common mechanism that governs their 
metabolism and maintenance of homeostasis, it is controlled by parathyroid hormone, 
calcitonin and calcitriol, which provide mobilization, accumulation, release and 
reabsorption of these ions in target organs [42]. Our data indicate the presence of high and 
medium strength bonds between the pairs of these macronutrients, that is, they are also 
conjointly «preserved» in the considered derivative of the skin of pigs. 

With regard to trace elements, a direct connection of a very high strength between 
phosphorus and manganese has been explained, possibly due to the fact that manganese 
affects the exchange of phosphorus and calcium, referring to the calcium group of chemical 
elements [43]. Manganese and copper are micronutrients regulatory for bone growth and 
development, for example, demonstrating, like phosphorus, associated positive associations 
with the morphological properties of individual bone structures, such as weight, length and 
volume [44]. Direct references indicating a directly proportional relationship between 
phosphorus and iron have not been found, but there is evidence that pigs that received iron 
nanopowder increased the level of a macronutrient in the blood, it has been suggested that 
the relationship is synergistic [45]. We have established an even stronger positive 
relationship between phosphorus and strontium than between phosphorus and calcium, 
strontium is similar in properties to calcium and is able to replace it in hydroxyapatite, 
leading to the destruction of bone tissue [46].  

For a further more detailed assessment of the phenofond of the Landrace pigs, possible 
connections between microelements, which correlated with phosphorus, were assessed 
(Table 2). 

Table 2. Correlations of macro- and microelements associated with the level of phosphorus in the 
bristles of pigs. 

Correlated parameters n r ± Sr P 
Mn – Sr 15 0.918 ± 0.110 > 0.999 
Mn – Mg 15 0.843 ± 0.149 > 0.999 
Mn – Cu 15 0.833 ± 0.153 > 0.999 
Mg – Sr 15 0.879 ± 0.132 > 0.999 
Mg – Cu 15 0.810 ± 0.163 > 0.999 
Ca – Sr 15 0.660 ± 0.208 > 0.99 
Ca – Cu 15 0.666 ± 0.207 > 0.99 
Ca – Mn 15 0.659 ± 0.209 > 0.99 
Fe – Sr 13 0.653 ± 0.228 > 0.95 

Fe – Mn 13 0.756 ± 0.197 > 0.99 
Fe – Mg 13 0.615 ± 0.238 > 0.95 
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A calcium group of chemical elements is allocated, among which positive connections 
of different strengths are established between themselves and other microelements. In pairs, 
among manganese, strontium, magnesium and calcium, high, very high, and medium 
correlation coefficients are recorded, possibly, as indicated above, this is due to the 
coordinating function of the former in relation to bone tissue and the structural participation 
of magnesium, strontium and calcium. It should be noted against this background that there 
is a direct connection between magnesium and strontium and a pair of calcium - strontium. 
Manganese and copper also have a high bond, which can be explained by the generality of 
their effect on hematopoiesis [47, 48]. It was shown that the introduction of additional 
amounts of magnesium into the body of rats led to an increase in the level of copper and 
iron in certain organs and tissues [49], in our case, a high and medium positive relationship 
was established between chemical elements at the level of tissue depot. It is also known that 
the exchange of calcium and copper are closely related, for example, the optimal intake of 
copper in the body of sheep leads to a positive balance of the macronutrient and better 
absolute and relative retention. Also in the literature, it has already been mentioned about 
positive connections between iron and manganese only in the internal organs of cattle [50]. 
The exchange of chemical elements was given great attention by scientists around the 
world, but it is still relevant to study the chemical status of the organism of farm animals as 
part of a comprehensive assessment of the phenofonds of various species and breeds, which 
is caused by insufficient data on the distribution, redistribution of macro- and 
microelements, and the interaction between them at the level macroorganism in normal and 
pathological conditions.  

4 Conclusions 
In the bristles of Landrace pigs, positive correlations of varying strength, characteristic of 
healthy animals, have been established between phosphorus and the calcium group of 
chemical elements (calcium, magnesium, manganese), copper, strontium, and iron. 
Numerous positive relationships have been revealed between macro- and microelements 
associated with the level of phosphorus in the bristles. 
All the established correlations in the bristle, as the final link in the exchange of chemical 
elements, are consistent with the literature data, highlighting their relationship in organs 
and tissues.  
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