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OCOBEHHOCTU AKKYMVYJISAIIUU MEJU B IIIETUHE CBUHE
PA3JIMYHBIX IIOPO/

3aiiko O.A., Hazapenko A.B., KopoJsieBa U.A., Pomanenko M.A., Marep C.H.

Hosocubupckutl cocyoapcmeennblii azpaphwviil YHUGepcumem
HoBocubupck, Poccus

[IpuBeneHs! pe3yabTaThl ONEHKH COIEP)KaHUS MEAH B IETHHE CBHUHEW JIAHAPACCKOH, KEMEPOB-
CKOH M ckopoctmesioi MacHoM nopoy. MccnenoBanust BHITOITHEHBI HA KITMHUYECKU 3/T0POBBIX 11€CTH-
MECSYHBIX JKUBOTHBIX B X03stiicTBax HoBocuOupckoit, KemepoBckoit obnmactei u AnTaiickoro kpas.
VYenoBus copep)kaHus KMBOTHBIX CTAHAAPTHBIE C THUIIOBBIM KOPMJIEHHEM. ODJIEMEHTHBIM aHalIHu3
po0 METHHBI CBUHEH BBIMOJIHEH METOAOM aTOMHO-SMHCCHOHHON CHEKTPOMETPUH C HHAYKTHBHO-
cBsi3aHHOM Mia3Moii. O0paboTKy AaHHBIX npoBoxwin ¢ npumeHenueM Microsoft Office Excel u
Statistica 8 (StatSoft Inc., USA), B ToMm guciie HCTIONB3Yys HEMapaMeTPUISCKIE METOIBI. YCTaHOBIICH
yOBIBAIOIINI paHKUPOBAHHBIN PsiZ [0 YPOBHIO MEIH B BOJIOCE CBUHEH VI MOPOJ: JIAHApacCcKas —
KEMEpOBCKasg — cKopocmenas MsicHas. B Buzie oTHoleHus oH npeacrtasieH kKak 5,1 : 4,5 : 1. [lo-
Ka3aTelnu MeIU B ILETHHE CBUHEH JaHIpacCcKoM, KEMEPOBCKOM M CKOPOCIIENION MSICHOH MOpoJ co-
craBwi 44,0; 39,0 u 8,7 MI/KT COOTBETCTBEHHO. AKKYMYJISIIIUSI ME/IM B IIIETUHE CBUHEH JIaHpac-
CKOW M KEMEPOBCKOH Nopoj 3aduKcupoBana B 5,6 u 4,5 pasza OoJibliie, YeM B CKOPOCIIEIION MICHOM
(»<0,001). OnHOPOTHOCTHIO MTOKA3aTeNeH OTMEUEHBI CKOPOCTIeNas MACHAs U KEMEPOBCKas HOPOJIbI,
y HHMX 3aperuCTpUPOBaH HAUMEHBIINN MEXKBAPTWIBHBINA pa3Max U OTHOLIEHHE KPaWHUX BapHUaHT.
HccnenoBanusimu ¢ ucnonbs3oBanueM Kpurepusi Kpackena-Yomnca ycTaHOBIEHO, YTO TOPOAA BIIU-
sIeT Ha aKKyMYJISILIMIO MEAM B IETUHE CBUHEH. Pa3nuums 3aperncTpupoBaHbl B mapax: CKOpoOCIe-
Jast MsICHast — KeMEpOBCKasi M CKopocIrenasi MsicHasi — Janapacckas nopoast (p < 0,001). Haubonee
CXOJIHBIE Pe3yJbTaThl U3yUEHHs )KUBOTHBIX HA OCHOBAHUH KJIACTEPHOTO aHAJIN3a BBISIBICHBI MEXKLY
KEMEepOBCKOM M JIaHApaccKoi mopoaamu. Ckopocrenas MACHas MOpoJia OTIINYAeTCs OTHOCUTEIBHOMN
YCTOWYMBOCTBIO K aKKyMYJISILIUU MeAM B meTHHe. [lomydeHHble JaHHBIE MOXKHO IPEABAPUTEIIEHO
IIPUHSATH B KaueCTBE (PU3NOJIOTMYECKOM HOPMbI KOHLIEHTPALUK MEH B IIETUHE CBUHEH Pa3IMYHbIX
opoz, palloHUpoBaHHBIX B 3anagHoi Culupu.

KuroueBble ci1oBa: Meb, IETHHA, CBUHBH, BIUSHUE TOPOJ

PECULIARITIES OF COPPER ACCUMULATION IN THE BRISTLES
OF PIGS OF DIFFERENT BREEDS

Zaiko O.A., Nazarenko A.V., Koroleva I.A., Romanenko M.A., Mager S.N.

Novosibirsk State Agrarian University
Novosibirsk, Russia

The results of assessing the copper content in the bristles of pigs of Landrace, Kemerovo and Early
maturing meat breeds are presented. The study was carried out on clinically healthy six-month-old
animals in the farms of Novosibirsk and Kemerovo regions and Altai Territory. The conditions for
keeping animals were standard with typical feeding. Elemental analysis of pig bristle samples was
carried out by inductively coupled plasma atomic emission spectrometry. The data was processed
using Microsoft Office Excel and Statistica 8 (StatSoft Inc., USA), including nonparametric methods.
A decreasing ranged series was established according to the level of copper in the hair of pigs for
Landrace — Kemerovo — Early maturing meat breeds. As a ratio, it is represented as 5.1 : 4.5 : 1.
Copper in the bristles of Landrace, Kemerovo and Early maturing meat breeds amounted to 44.0,
39.0 and 8.7 mg/kg, respectively. The accumulation of copper recorded in the bristles of Landrace
and Kemerovo pig breeds was 5.6 and 4.5 times higher than that of Early maturing meat breed (p <
0.001). The Early maturing meat and Kemerovo breeds were characterized with the homogeneity of
indicators; they had the smallest interquartile range and the ratio of the extreme variants. The study
using Kruskal-Wallis criterion established that the breed affects the accumulation of copper in the
bristles of pigs. Differences were registered in pairs: Early maturing meat — Kemerovo and Early
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maturing meat — Landrace breeds (p <0.001). The most similar results of studying animals based on
cluster analysis were found between Kemerovo and Landrace breeds. Early maturing meat breed is
relatively resistant to copper accumulation in the bristles. The data obtained can be tentatively taken
as a physiological norm for the accumulation of copper in the bristles of pigs of various breeds zoned

in Western Siberia.

Keywords: copper, bristles, pigs, influence of breeds

Jas uurupoBanus: 3aiixo O.A., Hazapenko A.B., Koponesa U.A., Pomanenxo M.A., Mazep C.H. OcoOOEHHOCTH aKKyMYIISIIHH
MM B LETHHE CBHHEH pa3inu4HbIX mopox // CHOMpPCKUi BECTHUK celbckoxossiiicTBeHHOW Hayku. 2021. T. 51. Ne 1. C. 90-98.

https://doi.org/10.26898/0370-8799-2021-1-11

For citation: Zaiko O.A., Nazarenko A.V., Koroleva [.A., Romanenko M.A., Mager S.N. Peculiarities of copper accumulation
in the bristles of pigs of different breeds. Sibirskii vestnik sel’skokhozyaistvennoi nauki = Siberian Herald of Agricultural Science,
2021, vol. 51, no. 1, pp. 90-98. https://doi.org/10.26898/0370-8799-2021-1-11

KonduukT naTepecon

ABTOpBI 3asBISIFOT 00 OTCYTCTBHH KOH(IIHKTA HHTEPECOB.
Conflict of interest

The authors declare no conflict of interest.

INTRODUCTION

The stability of the chemical composition
in the body is one of the most important living
conditions for humans and animals, changes
in which lead to a wide range of diseases [1].
In this regard, the amount of accumulation of
chemical elements in the tissues and organs, the
relationship between them and the biochemical
components of the body at different levels are
being studied. Topical issues are related to the
individual mineral status and health of animals,
the impact on a person who consumes food of
animal origin'= [2].

Copper is one of the important chemical
elements for realizing the genetic potential of
mammals, in particular pigs, by influencing
gene expression. It serves as a mineral compo-
nent and a cofactor for many enzymes in the
body [3]. Copper has prooxidant and antioxi-
dant effects necessary for the full provision of
biological processes and the development of
diseases [4]. For example, copper is a compo-
nent of superoxide dismutase and glutathione
peroxidase, a decrease in the activity of which
leads to impaired antioxidant protection. But
excessive intake of supplements containing
copper can induce systemic lipid peroxida-

tion and oxidative stress [5]. Pigs, according
to studies, rarely need additional introduction
of copper, provided a balanced diet, which is
based on grain feed [6].

Evaluation of the mineral status of animals
by the concentration of certain chemical ele-
ments in skin derivatives is of interest to many
scientists [7, 8]. Copper belongs to the group
of elements with a high enrichment coefficient,
which indicates an insignificant susceptibility
to exogenous contamination, the concentration
in skin derivatives is mainly due to endogenous
factors [9].

The assessment of the ecological safety of
objects of inanimate and wildlife is carried
out in various constituent entities of the Rus-
sian Federation, including the Siberian regions
[10—12]. Assessment of the interior of agricul-
tural animals includes studies of the content of
chemical elements in organs and tissues, hema-
tological and immune biochemical parameters
of blood. It is necessary for assessing the state
of animal health and monitoring the environ-
mental background, which affects the safety
and quality of agricultural products* [13]. In-
terpretation of the results of these studies is
difficult due to the lack of reference intervals

Zayko O.A. Variability and correlation of chemical elements in organs and tissues of pigs of early maturing meat breed SM-1:

dis. abs. of PhD in Biology. Novosibirsk, 2014.183 p.

“Narozhnykh K.N. Variability, correlations and the level of heavy metals in organs and tissues of Hereford cattle in the
conditions of Western Siberia: dis. abs. of PhD in Biology. Novosibirsk, 2019. 163 p.

3Strizhkova M. V. Content, variability and correlation of macronutrients in organs and tissues of black-and-white cattle: dis.

abs. of PhD in Biology. Novosibirsk, 2018. 126 p.
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characterizing the permissible content of vari-
ous chemical elements in organs and tissues of
animals [14].

The purpose of the research is to establish
the interbreed features of the accumulation of
copper in the hairline of pigs of various breeds,
zoned in Western Siberia.

MATERIAL AND METHODS

The study was conducted in 2016-2020.
on groups of clinically healthy pigs of three
breeds: Early maturing meat (EM-1), Kemero-
vo and Landrace, raised on the farms of the No-
vosibirsk, Kemerovo regions and the Altai Ter-
ritory. The animals were kept in standard con-
ditions for this species using meat battening”.
The pigs were vaccinated in accordance with
the plans of veterinary preventive measures.
Specialists systematically performed elements
of a general study, conducted a study of habitus,
skin, skin derivatives, mucous membranes and
a special study. The animals were provided with
standard feeding with a complete feed, depend-
ing on the live weight of the animals. The diets
are balanced in terms of nutrients, minerals and
vitamins. In particular, the amount of copper,
depending on the change in the live weight of
animals, was in all groups from 19 to 38 mg
per head per day. Control of compound feeds
according to the range of guaranteed and addi-
tional indicators was carried out in accordance
with the established procedure®’. The animals
were watered from their own sources of domes-
tic drinking water supply, while the water qual-
ity corresponded to the second class of GOST®.

Water, soil and feed were studied for the con-
tent of heavy metals, including copper in the ar-

eas of pig breeding by the Center for Collective
Use of Scientific Equipment for Multielement
and Isotope Research of the Siberian Branch of
the Russian Academy of Sciences (SB RAS) of
the Institute of Geology and Mineralogy.V.S.
Sobolev and the Institute of Inorganic Chemis-
try. A.V. Nikolaev of the Siberian Branch of the
Russian Academy of Sciences’ [15].

The subject of this research is pig bristles.
Samples were obtained from the dorsal neck
using ethanol-cleaned stainless-steel scissors.
They are represented by the guard hair. The total
number of samples was 65. A sample of bristles
was taken, it was cleaned from contamination
and further sample preparation in accordance
with the relevant GOSTs. Elemental analysis
was performed directly by inductively coupled
plasma atomic emission spectrometry using an
1CAP-6500 spectrometer from Thermo Scien-
tific (USA) [16].

The data obtained was processed with Mi-
crosoft Office Excel and Statistica 8 software
(StatSoft Inc., USA). The Shapiro-Wilk and
Kolmogorov-Smirnov test were used to assess
the nature of the distribution. The following in-
dicators were assessed: arithmetic mean, error
of arithmetic mean, median, standard deviation,
interquartile range, maximum and minimum
values of copper content in bristles. As an al-
ternative to univariate analysis of variance, the
nonparametric Kruskal-Wallis test was used to
establish the differences in copper accumula-
tion between the breeds. Cluster analysis was
carried out to combine the breeds with homoge-
neous characteristics using the Ward's method.
Manhattan distance was used as a distance met-
ric.

“Sebezhko O.I., Korotkevich O.S., Konovalova T.V., Biryulya [.K., Petukhov V.L., Kamaldinov E.V., Narozhnykh K.N.,
Osadchuk L.V. Biochemical, hematological and mineral parameters in pigs of two breeds reared in large industrial complexes of
Western Siberia / 3 rd International Symposium for Agriculture and Food. Ohrid: Faculty of agriculture and food, 2017. P. 100.

SGOST 28839-2017. Agricultural animals. Pigs. Zootechnical requirements for the content of fattening. Instead of GOST

28839-90; intro. 2018-07-01. M.: Standartinform, 2017.4 p.

¢GOST R 51550-2000. Compound feed concentrates for pigs. General technical conditions. - Introduced for the first time;
intro. 2001-01-01. M.: PPC Publishing house of standards, 2002. - 10 p.

7GOST R 51850-2001. Compound feed products. Acceptance rules. Packaging, transportation and storage; introduced for the
first time; intro. 2004-01-01. M.: IPK Publishing house of standards, 2002. 4 p.

8GOST 2761-84. Sources of centralized drinking water supply. Hygienic, technical requirements and selection rules (with
amendment No. 1). Instead of GOST 17.1.3.03—77; intro. 1986-01-01. M.: Standartinform, 2006.12 p.

°Syso A.l. Heavy metals in the environment as a threat to plants, animals and humans // Agrochemistry in the XXI century.
Materials of the All-Russian Scientific Conference with International Participation, dedicated to the memory of Academician V.G.

Mineeva. Edited by V.A. Romanenkov. 2018. pp. 30-33.
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RESULTS AND DISCUSSION

As a result of a number of tests, it was found
that the quantitative characteristic of the level
of copper in the bristles of pigs from Kemerovo
and early maturing meat breeds is characterized
by a normal distribution. In the Shapiro-Wilk
test, it was found that the W-criterion is 0.97
(p> 0.05). The hypothesis about the normal dis-
tribution of the same trait in Landrace pigs was
rejected.

Table 1 presents data on the level of cop-
per in the hair of pigs of the considered breeds.
Ranking the breeds according to the studied
trait, it was found that the decreasing series
looks as follows: Landrace breed — Kemerovo
breed — early maturing meat breed, as rela-
tive indicators, taking into account the median:
5.1: 4.5: 1. Significant differences were estab-
lished among animals of the Landrace breed by
the ability to accumulate copper in the bristle,
which is expressed by a significant ratio of ex-
treme options. There is no information in the
scientific literature on the differences in the ac-
cumulation of chemical elements in the body of
pigs of different breeds. But it is known about
the essential features of the exchange of copper
in the body in different breeds of sheep and its
physiological consequences for animals!®.

The concentration of copper in the bristles
of pigs of the Kemerovo and Landrace breeds
is 4.5 and 5.6 times higher, respectively, than
this indicator of the early maturing meat breed
(p <0.001).

No differences were found in the content of
copper in the derivative of the skin in pigs of

the Landrace and Kemerovo breeds. It should
be noted that on the territory of Western Sibe-
ria there is no heavy metal pollution outside the
sanitary and hygienic zones [17].

The level of accumulation of chemical ele-
ments in the hairline of animals makes it pos-
sible to determine the individual mineral status,
which is important for farm animals kept in a
group way. At the same time, the data obtained
can serve as standard indicators for animal
breeds zoned in a certain territory, since in-
formation on this issue in the literature is scat-
tered. According to the researchers, there are
levels of copper accumulation in pig hair of 3—7
and 8-15 mg / kg, both deficient and normal,
respectively'!. In comparison with these values,
an excess of descriptive statistics was record-
ed in animals of the Landrace and Kemerovo
breeds.

The study of the content of chemical ele-
ments in organs, tissues, skin derivatives of
various breeds and types is relevant for solv-
ing the question of the presence or absence of
hereditary factors [18]. In this study, the EM-1
breed turned out to be more homogeneous in
terms of the copper content in the bristles, the
smallest interquartile range and the ratio of the
extreme variants were recorded (see Fig. 1).
Animals of the Kemerovo breed were distin-
guished by similar characteristics.

After calculating the Kruskal-Wallis crite-
rion, it was found that the breed factor affects
the amount of copper deposition in the bristle
of pigs (p < 0.001), if we evaluate the three
breeds together. There are significant differ-

ConepxaHue MeIH B METHHE CBUHEH HEKOTOPBIX TTOPOI, paHOHUPOBAHHEIX B 3anagHoit CHOUpPH, MI/KT
The content of copper in the bristles of some pig breeds zoned in Western Siberia, mg / kg

Breed n X+ Sx Me c IQR lim Extreme variant ratio
Kemerovo 26 39,4+ 1,6 39,0 7.9 12,2 25-56 1:2.2
EM -1 18 8,72+0,2 8,7 1,0 1,7 7,2-10,9 1:1,5
Landrace 21 492 8,0 44,0 36,7 68 7,7-110 1:143

Note. Me - median, ¢ - standard deviation, IQR - interquartile range.

0Radostits O.M., Gay C.C., Hinchcliff K.W., Constable P.D. Veterinary medicine: a textbook of the diseases of cattle, sheep,
pigs, goats and horses // Toronto: Saunders Elsevier, 2007. 2180 p.
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ences in the pairs SM-1 - Kemerovo breed and
SM-1 - Landrace breed (p < 0.001). Analysis
of the data obtained indicates interbreed dif-
ferentiation in the concentration of the studied
chemical element in the bristles, which is a fac-
tor confirming the role of heredity in the predis-
position and resistance to copper accumulation
in the bristles of pigs.

In fig. 2 shows the similarity between the
considered breeds of pigs in terms of the copper
content in the bristles. It was found that the Ke-
merovo and Landrace breeds are more similar
in comparison with animals of the early matur-
ing meat breed.

Studies have established the hereditary de-
terminism of the accumulation of chemical ele-
ments in organs, tissues and derivatives of the
skin of farm animals [15, 19].

CONCLUSION

Interbreed differences in the accumulation
of heavy metals in derivatives of the skin of
pigs of breeds zoned in Western Siberia have
been established. Indicators of the presence of
copper in the bristles of pigs of early maturing
meat, Kemerovo and Landrace breeds were
8.7; 39.0 and 44.0 mg / kg, respectively. The
influence of the rock on the metal accumula-
tion process was established (p < 0.001). Indi-
cators on the content of copper in the bristles of
pigs of various breeds, zoned in the territory of
Western Siberia, can be preliminarily used as a
physiological norm.

120

100

80

60

Copper content mg/kg

40 |

20

N

E——

Landrace

Kemerovo breed

EM-1

Puc. 1. [IlnarpamMmsbl pazMaxa CoJIepKaHusi MEU B IIETUHE CBUHEH HEKOTOPBIX MOPOJI

Fig. 1. Diagrams of copper content range in the bristles of some pig breeds

!"Puls R. Mineral levels in animal health: diagnostic data. Canada: Trinity Western University Press, 1988. 240 p.
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Fig. 2. Dendrogram of interbreed similarity of copper content in pig bristles
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