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Abstract
The elemental status of cattle is one of the important factors, which determine its growth, fertility, fetal development, 
meat and dairy production, etc. Therefore, the study of content of different elements in cattle organs and tissues 
and its correlation with cattle characteristics and diet is urgent task. It is also important to develop intravital 
and low-invasive methods to analyze element content in cattle to regulate its diet during lifetime. In the present 
work, we have studied the content and distribution of manganese in Hereford cattle from an ecologically clean 
zone of Western Siberia (Russia). 252 samples were taken from 31 bulls aged 15-18 months. They were collected 
from various livestock farms in the region and analyzed using atomic absorption spectrophotometry (organs 
and muscle tissue) and inductively coupled plasma atomic emission spectrometry (hair). The median values of 
manganese concentration obtained in natural moisture for hair, heart, kidneys, liver, lungs, muscles, spleen, testes, 
and brain were 25, 0.37, 1.0, 2.6, 0.4, 0.2, 0.4, 0.5, and 0.5 ppm. Accordingly, the concentration of manganese differs 
significantly in the organs and tissues of animals (H = 188.6, df = 8, p <0.0001). Statistically significant associations 
of manganese were revealed in pairs: liver-testis, hair-testis, spleen-testis, and heart-brain. The classification of 
organs and tissues of animals according to the level of content and variability of manganese is carried out. The 
concentration of manganese in the body is not uniform, most of all it is deposited in the hair and excretory organs of 
the liver and kidneys. In other organs and muscle tissues, the distribution of manganese is more even and is in the 
range of 0.2-0.5 ppm. The resulting ranges can be used as a guideline for Hereford cattle bred in Western Siberia.

Keywords: manganese, trace metals, Hereford cattle, organs, muscle tissue, hair.

Resumo
O status elementar do gado é um dos fatores importantes que determinam seu crescimento, fertilidade, 
desenvolvimento fetal, produção de carne e laticínios, etc. Portanto, o estudo do conteúdo de diferentes elementos 
nos órgãos e tecidos do gado e sua correlação com as características do gado e dieta é tarefa urgente. Também é 
importante desenvolver métodos intravitais e pouco invasivos para analisar o conteúdo de elementos em bovinos 
para regular sua dieta durante a vida. No presente trabalho, estudamos o conteúdo e a distribuição de manganês 
em gado Hereford de uma zona ecologicamente limpa da Sibéria Ocidental (Rússia). Foram coletadas 252 amostras 
de 31 touros com idade entre 15 e 18 meses. Eles foram coletados em diversas fazendas pecuárias da região e 
analisados por espectrofotometria de absorção atômica (órgãos e tecido muscular) e espectrometria de emissão 
atômica com plasma indutivamente acoplado (cabelo). Os valores medianos da concentração de manganês obtidos 
na umidade natural para cabelo, coração, rins, fígado, pulmões, músculos, baço, testículos e cérebro foram 25, 0,37, 
1,0, 2,6, 0,4, 0,2, 0,4, 0,5 e 0,5 ppm. Assim, a concentração de manganês difere significativamente nos órgãos e 
tecidos dos animais (H = 188,6, df = 8, p <0,0001). Associações estatisticamente significativas de manganês foram 
reveladas em pares: fígado-testículo, cabelo-testículo, baço-testículo e coração-cérebro. É realizada a classificação 
dos órgãos e tecidos dos animais de acordo com o nível de conteúdo e variabilidade do manganês. A concentração 
de manganês no corpo não é uniforme, sendo principalmente depositada nos cabelos e nos órgãos excretores do 
fígado e dos rins. Em outros órgãos e tecidos musculares, a distribuição do manganês é mais uniforme e fica na 
faixa de 0,2-0,5 ppm. As faixas resultantes podem ser usadas como orientação para o gado Hereford criado na 
Sibéria Ocidental.

Palavras-chave: manganês, metais traço, gado Hereford, órgãos, tecido muscular, cabelo.
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or the general transport of divalent metal ions. These 
include Nramp H1-manganese transporters (Kehres et al., 
2000; Portnoy at al., 2000; Yang et al., 2005) ATP-binding 
cassette manganese permeases (Horsburgh et al., 2002; 
McAllister et al., 2004; Zaharik et al., 2004), manganese 
transporting P-type ATPases (Antebi and Fink, 1992), 
Catalysts for the diffusion of cations (Montanini, et al., 2007; 
Rosch, et al., 2009), and inorganic phosphate transporters 
with high affinity to the Mn - HPO4 complexes (Jensen et al., 
2003). Of the total magnesium pool in the body, 65-70% is 
found in bone, 15% in muscles, 15% in other soft tissues, and 
1% in the extracellular fluid (National Academies of Sciences, 
Engineering, and Medicine, 2016). Despite potential negative 
effect of Mn excess, in cattle breeding practice, Mn toxicity 
is rare, since intestinal absorption rate of Mn is low, while 
liver has great capacity to excrete Mn with bile (Arthington 
and Ranches, 2021; Haskovic et al., 2021; Spears, 2011).

In our study, we consider the patterns of distribution and 
interaction of manganese in various organs and muscle tissues 
of beef cattle of the Hereford breed in an uncontaminated zone 
of Western Siberia. The goal of the study is of high interest 
both due to the importance of the data on Mn distribution 
in cattle from various geographic locations and grown with 
forage with different contamination levels for understanding 
general patterns (Orjales et al., 2018; Silva et al., 2022) and 
because the identification of such patterns may be useful for 
the development of intravital and low-invasive methods to 
analyze element status of cattle. For example, in the article by 
Narozhnykh (2023), the method was proposed for predicting 
iron level in the muscle tissue of Hereford cattle using results 
of blood analysis results. Therefore, similar methods may be 
developed for other crucial elements, including Mn.

2. Materials and Methods

2.1. Animals and experimental design

Total number of samples was 252 from muscles 
(n=31), hairs (n=30), heart (n=30), liver (n=30), kidneys 
(n=30), lungs (n=30), testes (n=30), spleens (n=31), and 
brain (n=10). Samples were taken from 31 Hereford bulls 
aged 16-18 months. The live weight of bulls at the time 
of slaughter averaged 543.8 kg. Samples of hair weighing 
10 mg from each animal were taken from the withers 
region. The diaphragmatic muscles were taken as muscle 
tissue samples. All animals were clinically healthy at the 
time of slaughter. Slaughter was carried out by the rules 
detailed by the European Commissions’ regulations CE 
853/2004, 854/2004, and 1099/2009. The animals were 
raised on the farms of the Novosibirsk region at a distance 
of 100 km from the megalopolis in an ecologically clean 
area. The manganese content in study area in soil, water, 
and animal feed is presented in Table 1.

1. Introduction

Manganese is the 10th most abundant element in 
the Earth’s crust (Kuleshov, 2017). Manganese plays an 
important role in several physiological processes, being 
an integral part of many enzymes and an activator of other 
chemical elements (Van Saun, 2013). It is already known that 
this trace element is essential for the growth of calves, it is 
associated with bone formation, tissue development, and 
blood coagulation, with the functions of insulin, cholesterol 
synthesis, and as an activator of various enzymes. 
For example, Mn Superoxide Dismutase (MnSOD) is an 
antioxidant enzyme that is critical for reducing oxidative 
stress (Chen et al., 2019). Glycotransferase is involved in 
the formation of mucopolysaccharide (Zhang et al., 2014). 
Arginase is an Mn-dependent enzyme that regulates 
urea production in the liver and nitric oxide synthase in 
smooth muscle cells (Sarban et al., 2007). Other enzymes 
that use Mn as a cofactor or activator are involved in the 
metabolism of carbohydrates, amino acids and cholesterol, 
the formation of bone and cartilage, and wound healing 
(Freeland-Graves  et  al., 2005). These include pyruvate 
carboxylase, transferases, hydrolases, kinases, 3 lyases, 
oxidoreductases, isomerases, ligases, glutamine synthetase, 
and phosphoenolpyruvate decarboxylase (Aschner and 
Aschner, 2005). Also, Mn plays an important role in 
digestion, development, reproduction, immune function, 
and regulation of cellular activity.

According to its importance in metabolic processes in 
living organisms, Mn may be crucial element for cattle 
breeding. The manganese requirement for raising cattle 
is approximately 20 mg/kg ration (National Academies of 
Sciences, Engineering, and Medicine, 2016). In the same 
time, according to the review (Arthington and Ranches, 
2021), deficiency of Mn and some other trace elements 
(Se, Cu, Zn, Co, and I) may often be observed even when 
cattle rely on forages, which meet the requirements due 
to the presence trace mineral antagonists (Fe, Mo, and S). 
Thus, Mn status of cattle should be monitored to avoid 
negative effects of its shortage (Arthington and Ranches, 
2021). Many of the deficiencies seen with manganese 
deficiency appear to be related to decreased activity of 
glycosyltransferases, a group of enzymes that require 
manganese to function. Glycosyltransferases are involved 
in the synthesis of proteoglycans, which are critical for the 
development of bone matrix and play an important role in 
the integrity of cartilage. Manganese deficiency decreases 
mucopolysaccharides in cartilage, resulting in impaired 
skeletal development (Spears, 2011). It was show that Mn 
deficiency in feeding of heifers results in impairment in 
fetal growth and development (Hansen et al., 2006). It was 
shown that Mn supplementation in the form of combined 
mineral additive provided the increase milk production 
and fat content (Banadaky et al., 2021; Daniel et al., 2020).

Despite the importance of manganese, in high 
concentrations, this metal can have harmful effects on 
biological systems (Crossgrove and Zheng, 2004). To prevent 
intoxication in organisms, there are mechanisms of cell 
homeostasis of manganese. The complexity of this process 
lies in the presence of several types of manganese carriers, 
which are involved in the specific transport of manganese 

Table 1. The concentration of manganese in soil, water and feed 
samples, mean ± standard error, ppm.

Soil 774 ± 86 Roughage 31.5 ± 4.5

Water 0.75 ± 0.2 Wheat 25.9 ± 2.4
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2.2. Sample analysis

Samples of organs and tissues from animals were 
taken immediately after slaughter, then they were 
frozen and stored at a temperature of –18 ° C. Study of 
the chemical composition of organs and muscle tissue 
was carried out by atomic absorption spectrometry with 
flame and electrothermal atomization on a Shimadzu AA-
7000 spectrometer. Sample preparation of internal organs 
and muscle tissue of animals for atomic absorption analysis 
occurred in the following order. On beginning, tissues were 
cleaned of connective tissue and fat and homogenized. 
Then resulting mass was dried in an oven at a temperature 
of 60-70°C for about 12 hours until constant weight. From 
obtained dry residue, were taken 3 g, which were ashed 
in a muffle furnace at a temperature of 500-550°C. After 
10-15 hours, mineralization ended, the ash acquired have 
grey or white color. After cooling of the samples at room 
temperature, ash residue was dissolved in 3 ml of 50% 
hydrochloric acid and then evaporated to a dry residue 
on an electric stove. This residue was transferred to a 
volumetric flask and diluted with 25 ml of distilled water. 
In the resulting ready-made solution, the concentration 
of manganese was determined.

Manganese in hair was determined by inductively 
coupled plasma atomic emission spectrometry using 
an iCAP-6500 spectrometer (Thermo Scientific, USA). 
For analysis, we took a hair sample weighing 100 mg from 
each specimen. To cleanse the hair from contamination, 
the sample was placed in a flask with bidistilled water, and 
then the sample was stirred for 1 minute with a mixer at a 
rotation speed of 1000 rpm. Then water was changed up 
to 10 times, repeating this procedure. Subsequently, hair 
was washed with OCh 49-5 acetone for 2 minutes, after 
which the remaining solution was washed off 3 times with 
deionized water and dried at room temperature. Then 
sample was dissolved in 2 ml of ultrapure 27-5 nitric acid 
and placed in a standard autoclave in a MARS-5 microwave 
oven (CEM), the autoclave was sealed, and dissolution 
was carried out gradually over 40 minutes, increasing 
the temperature to 180°C. The resulting solution was 
transferred quantitatively into a volumetric flask. 
The solutions were analyzed after 10- and 100-fold dilution 
of calibration solutions prepared based on multielement 
standards (Tsygankova et al., 2017).

2.3. Statistical analyses

Statistical analysis was performed using R programming 
language, version 3.5.3 (R Foundation for Statistical 
Computing, Vienna, Austria) (Racine, 2012). The Shapiro-
Wilk test was used to assess the correspondence of the 
data distribution to the normal one. In the graphical 
presentation of the study results, logging (log (1 + x), x is 
the initial variable) of the original data was used to reduce 
the variability between organs. The Reference Interval 
was determined using the robust method, the Confidence 
Interval was calculated using the adjusted bootstrap 
percentile method (Efron and Tibshirani, 1994), which 
corrects for possible bias and asymmetry in the baseline 
distribution. The associations between the authorities 
for the concentration of heavy metals were determined 

by Kendall’s methods, as it is fairly robust to emissions. 
To identify differences between organs in the concentration 
of manganese, the Kruskal-Wallis test was used (Kruskal 
and Wallis, 1952). And performs Dunn’s test (Dunn, 1964) 
of multiple comparisons using rank sums and adjusts the 
p-value for multiple comparisons using the Holm (1979).

3. Results

According to results of the Shapiro-Wilk test, it was 
found that baseline data differs from normal (Figure 1). 
Table 2 shows data on the content of manganese in organs 
and tissues of animals. The highest concentration of metal 
is found in hair, where its concentration is much higher. 
Among the internal organs, liver and kidneys deposit 
manganese more than others. The minimum content of 
element is noted in muscle tissue. Studied organs, according 
to degree of manganese accumulation, can be arranged 
in a ranging row: muscles <heart <spleen = lung <brain = 
testes <kidneys <liver <hair, in a ratio of 1: 1.9: 2: 2: 2.5: 
2.5: 5: 13: 125. Concentration of manganese in heart, 
lungs, testes, and hair is highly variable, in contrast to its 
levels in brain, kidneys, and liver.

Based on the data obtained, 95% reference intervals 
with 90% Confidence Interval were calculated for the 
manganese content in the studied organs and tissues 
(Table 3). Given high variability and low concentrations 
of manganese in lungs, muscle tissue, hair, and testes, 
confidence intervals start at zero.

According to the results of the Kruskal-Wallis test (H = 
188.6, df = 8, p <0.0001), Mn concentration significantly 
differs in the organs and tissues of animals. Significant 
pairwise comparisons are presented in Table  4. Of all 
combinations of pairs, significant differences were observed 
in 20, and in 16 pairs, no statistically significant differences 
were found. Concentration of manganese in the hair was 
different in all organs except the liver. There was also a 
statistically significant difference between the kidneys, 
liver and other organs and muscle tissue.

Significant associations were found between level 
of manganese in organs and tissues of Hereford cattle 

Figure 1. Distribution of manganese levels in organs and tissues 
of animals.
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Table 2. The content of manganese in organs and tissues of Hereford cattle, ppm.

Organ/Tissue Av Min Max Q1 Q3 IQR

Hair 25 7.8 54.0 14.3 41.2 26.9

Heart 0.37 0.13 2.18 0.3 0.42 0.12

Kidneys 1.0 0.9 2.45 0.92 1.2 0.28

Liver 2.6 2.0 5.34 2.36 3.41 1.05

Lungs 0.4 0.13 1.56 0.3 0.48 0.18

Muscles 0.2 0.1 0.8 0.2 0.32 0.12

Spleen 0.4 0.33 2.12 0.4 0.48 0.08

Testes 0.5 0.2 2.1 0.37 0.53 0.16

Brain 0.5 0.4 0.6 0.5 0.51 0.01

Table 3. Reference intervals with 90% confidence intervals (CI) for the content of heavy metals in the spleen of Herefod cattle (mg, kg).

Organ/Tissue 95% Reference Interval Lower 90% Confidence Interval Upper 90% Confidence Interval

Hair 0 - 59.7 0 49.6 - 67.5

Heart 0.072 - 0.614 0 - 0.140 0.539 - 0.697

Kidneys 0.74 - 1.33 0.65 - 0.79 1.23 - 1.43

Liver 1.15 - 4.27 0.29 - 1.57 3.79 - 5.10

Lungs 0 - 0.745 0 - 0.108 0.633 - 0.984

Muscles 0 - 0.556 0 - 0.045 0.480 - 0.631

Spleen 0.281 - 0.516 0.251 - 0.313 0.461 - 0.544

Testes 0 - 0.875 0 - 0.151 0.713 - 1.102

Table 4. Pairwise comparison of manganese concentration in organs and cattle tissues (Z statistic; adjusted p-value for multiple 
comparisons Holm).

Organ/Tissue Brain Hair Heart Kidneys Liver Lungs Muscles Spleen

Hair -4.259 
0.0002*

Heart 2.113 
8.6003

0.2075 
<0.0001*

Kidneys -1.592 37.904 -5.135

0.5563 0.0016* <0.0001*

Liver -31.940 1.548 
0.5472

-72.874 -22.924

0.0119* <0.0001* 0.1422

Lungs 1.518.281 80.345 -0.8656 44.261 66.642

0.4513 <0.0001* 0.7734 0.0001* <0.0001*

Muscles 31.981 104.089 14.167 68.592 90.952 23.766

0.0124* <0.0001* 0.4697 <0.0001* <0.0001* 0.1310

Spleen 0.7943 70.879 -18.706 3.4175 
0.0060*

56.818 -10.368 -34.417

0.3377 <0.0001* 0.6405 <0.0001* 0.7496 0.0058*

Testes 0.432750 64.901 -23.239 28.562 50.879 -15.195 -38.878 -0.5039

0.3326 <0.0001* 0.1409 0.0343 <0.0001* 0.5145 0.0011* 0.6144

* p-value.
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(Figure 2). The statistically significant ones were between 
liver testis, hair testis, spleen testis, and heart-brain. First 
three of them are negative, and only the last is positive. 
This means, most likely, that negative relationships may 
indicate a protective reaction of the body in the distribution 
of manganese from more important reproductive organs to 
organs that perform the functions of excretion and filtration.

The similarity of organs and tissues of cattle in terms 
of manganese concentration is shown on dendrogram 
(Figure  3). Dendrogram shows three main clusters, of 
which cluster 1 consists only of hair. It differs to a greater 
extent from other organs and tissues in terms of manganese 
content. The second cluster includes kidneys and liver. 
In these organs, heavy metals accumulate most intensively, 
in contrast to other organs that are part of the third cluster.

Based on data obtained, it can be seen that concentration 
of manganese in the body is heterogeneous; most of all, 
it is deposited in hair and excretory organs of liver and 
kidneys. In other organs and muscle tissues, distribution of 
manganese is fairly even and is in the range of 0.2-0.5 ppm.

4. Discussion

Mn is an essential trace mineral required for normal 
tissue development and activity (Arthington and Ranches, 
2021; Carvalho et al., 2010; Górski and Saba, 2015; Spears, 
2011; Utami and Pangestu, 2017; Van Saun, 2013). In our 

research, we studied the content of manganese in the 
organs and tissues of Hereford cattle in the conditions 
of Western Siberia in an ecologically safe breeding zone.

The reference values we presented are slightly lower 
than those suggested by Puls (1994). Revealed parentage 
may be due to different trends in animal productivity 
and animal husbandry. Interesting data are cited by 
Georgievsky et al. (1979) on the content of manganese 
in organs of mammals. The data we obtained differs 
from that presented in his work. Thus, the concentration 
of manganese in the hair and spleen in Hereford cattle 
was higher, and in the kidneys, somewhat lower than in 
mammals as a whole (Georgievsky et al., 1979).

Manganese is widely distributed in the body, and it 
is usually more abundant in mitochondrial-rich tissues. 
Higher Mn concentrations are often associated with 
pigmented tissue (Hidiroglou, 1979). The manganese 
content in hair in our study was different from previously 
published data. So, authors (Miroshnikov  et  al., 2017) 
studying the content of manganese in hair of cows and 
heifers of Hereford breed, median value in these groups was 
30 ppm manganese. In another study, he also determined 
manganese in Holstein lactating cows, and concentration 
of manganese was significantly lower than 4.5 ppm 
median value in relationship (Miroshnikov et al., 2020). 
Perhaps one of factors that have significant impact on 
such significant differences in manganese content is breed 
and direction of productivity of animals. Polish Holstein-
Fresian breeds raised on organic and conventional farms 
had a manganese content of 22-31.5 ppm (Gabryszuk et al., 
2010). Earlier studies have noted great variability in 
manganese accumulation in livestock hair. The authors 
(Findrik et al., 1969) found a low level of manganese of 
1.47 ppm in the hair of dairy cows raised in various regions 
of Croatia. The authors Rasbech (1968) studied cow hair 
in Germany with different manganese content in the diet. 
Animals fed an average of 148 mg Mn/day had in hair 
manganese concentration of 3.35 ppm, while heifers fed 
a 10-fold increase in hair manganese diet had 10.3 ppm 
Mn. On the other hand, authors (Fonseca and Lang, 1976) 
reported that concentration of Mn in hair sampled from 
dairy cows in areas of Costa Rica was 91, 73, and 18 ppm. 
From the above, it can be assumed that the manganese 
content in hair of cattle has high variability, which can be 
associated with direction of productivity, breed, region, 
and diet. Similar conclusions were obtained in the work 
(Dermauw et al., 2014), which presents the results on data 
on trace element concentrations in all tissues in zebu (B. 
indicus) cattle in Ethiopia. We found that the concentration 
of manganese in muscle tissue of Hereford cattle was 
0.2 ppm, which is 2-13 times lower than in other organs 
and 125 times lower than in hair. In cattle of beef bred 
Charolais, Hereford, Simmental at age of 24-25 months, 
bred near a city in northwestern Poland, the content of 
manganese in muscle tissue was found to be more than 
3 times higher than in our study and amounted to 0.62, 
0.72, 0.76 ppm, respectively (Pilarczyk, 2014). Authors 
(Cabrera et al., 2010) showed that the concentration of 
manganese could vary significantly depending on the type 
of muscle in cattle. Therefore, in tenderloin, the eye of rump, 
striploin, eye round, tri-tip, rib-eye roll and three rib plate 

Figure 2. Correlation of manganese level between organs and 
goby tissues.

Figure 3. Dendrogram of organ and tissue similarity in terms of 
manganese levels.
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flanks on meat cuts of Bradford and Hereford breed bulls 
bred in Uruguay, the next concentration of manganese was 
revealed 0.11, 0.09, 0.08, 0.47, 0.11, 0.10, 0.04 and 0.11, 0.12, 
0.08, 0.16, 0.10, 0.07, 0.05 ppm, respectively. In all muscles 
of Bradfords and Herefords, level of manganese was about 
1.5 or more times lower than in our study, except for eye 
round, where level of manganese was almost 2.5 times 
higher in the Bradford. Another study examined influence 
of breed, muscle type and muscle interactions on level 
of manganese in muscle tissue of beef steers, Polish Red, 
White-Backed Polish Black-and-White, Polish Holstein-
Friesian and Simmental at 6 months of age. A significant 
influence of the breed and interaction of breed muscle type 
factor on concentration of manganese in muscle tissue of 
livestock was revealed, and variability of manganese was 
quite high depending on the breed and type of muscles - 
0.11-0.59 ppm (Domaradzki, et al. 2016). Manganese levels 
in Holstein-Friesian, Galician Blonde bulls and their crosses 
at age of 10 months. grown in northern Spain was in the 
moderate range of 0.09-0.12 ppm (Pereira et al., 2018). 
In a study by author (Ramos et al., 2012), influence of age 
and breed on level of manganese accumulation in muscle 
tissue was shown. According to their data, age did not 
significantly affect level of manganese in muscle tissue. 
However, breed differences were found, as the Hereford 
cattle had higher levels of manganese than the Bradford 
cattle. In general, manganese levels in bulls of both breeds 
were in the range of 0.07-0.14 ppm, depending on age and 
muscle type. Similarly, relatively low levels of manganese 
0.03-0.11 ppm were found in different anatomical location 
meat cuts (Gerber et al., 2009). In the work of the authors 
(Alonso  et  al., 2004) the concentration of manganese 
in meat from cows aged 3-16 years, raised in northern 
Spain, was similar to our data and amounted to 0.19 ppm. 
In another study, also conducted on beef cows raised in 
Spain, manganese levels varied between 0.08-0.29 ppm 
depending on muscle type (Alonso et al., 2002). These data 
indicate that the variability of the level of manganese in 
cattle meat is influenced by the type of muscle, breed and 
direction of productivity.

It was found that the concentration of manganese in 
the liver and kidneys was significantly higher than in other 
organs and muscle tissues. These organs play a key role 
in the metabolism of trace elements (Alonso et al., 2004; 
Rahil-Khazen et al., 2002; Taylor, 1996). The concentration 
of manganese in the kidneys and liver in our study is 
similar to the data of the author (Georgievsky et al., 1979). 
According to the classification proposed by the author (Puls, 
1994), the manganese level in our study corresponded 
to the marginal for the kidneys (0.93-1.2 ppm) and liver 
(1.5-3 ppm). However, in the author’s work (Falandysz, 
1993; Falandysz and Lorenc-Biala, 1989) manganese 
content in liver and kidney disease in cattle was lower 
than in our study. And animals from Sweden and Finland 
had higher Mn levels than livestock from Western Siberia 
(Jorhem et al., 1989; Nuurtamo et al., 1980). In northern 
Spain, several studies were carried out, where the level of 
manganese in the kidneys and liver of cattle was studied. 
Therefore, in the study of the authors (Alonso et al., 2004) 
the concentration of manganese in liver and kidney was 
lower and in (Miranda et al., 2006). Copper, zinc, iron, and 

manganese accumulation in cattle from Asturias (northern 
Spain) is higher than in our study. Authors Erdogan et al. 
(2004) studied the manganese content in the liver and 
kidneys of cattle in different ecological zones of Turkey 
and assessed the influence of the season of the year on this 
indicator. According to their data, the influence of these 
factors is insignificant, and the concentration of metals 
in the liver was higher. In kidneys, level of manganese 
was similar to the data obtained by the authors of the 
article. In work of authors Kottferová and Koréneková 
(1995) animals were studied that for two years were in 
a contaminated area near a metallurgical plant and a 
conditionally safe area. According to results of the study, 
there was no significant influence of ecologically different 
zones on the level of manganese in the kidneys and liver 
of animals. In some cases, differences in the concentration 
of manganese in muscle tissue were observed; however, 
they may be due to random factors and a small volume of 
the population. Author’s work (Sawhney and Kehar, 1961) 
Revealed seasonal fluctuations in the Mn concentration in 
the liver and kidneys of cattle. Livestock. Based on above 
sources and data of author of article, it can be determined 
that level of manganese in the kidneys and liver is in the 
range from 0.7-2.0 and 1.0-3.5 ppm.

After studying science literature it was noted, that many 
authors argue that in publish not enough information on 
the content of manganese in testes, lungs, spleen, heart, and 
brain in cattle. Perhaps this is because these by-products, as 
a rule, are consumed in a small amount of food, and some 
are not consumed at all. Therefore, manganese content in 
them is normalized. However, author Puls (1994) in his 
monograph provides data on concentration of this metal 
in the spleen and brain of cattle. In authors’ study, the 
level of manganese was more than 2 times, and in the 
spleen, it was 6 times lower. In the handbook of authors 
Georgievsky et al. (1979) give a lower range of manganese 
concentrations in heart, spleen, and brain, which range 
from 0, 2 to 0.4 ppm. This data is similar to ours. Author 
(Sawhney and Kehar, 1961) Studied the influence of the 
season on the content of manganese in brain and testes. 
According to his data, seasonality does not significantly 
affect level of manganese in these organs. Still, in the liver, 
kidneys and bone marrow, it gradually increases from June 
during the hot, dry season to November, with abundant 
grazing after the rainy season. However, concentration of 
manganese in our work was 2 times lower in the testes 
and 4 times lower in the brain than that of the author 
Sawhney and Kehar (1961). In another study, it was shown 
that, depending on the year of study, the concentration of 
manganese in the heart of livestock could differ significantly 
(Kottferová and Koréneková, 1995) calves fed a low and high 
manganese diet had higher organ manganese accumulation 
(Howes and Dyer, 1971). Compared to our data, the study 
by Howes and Dyer (1971) shows 2 to 5 times less metal 
concentration in the spleen, lungs, and brain, which may 
indicate the accumulation of manganese in the organs of 
livestock during ontogenesis.

Difference in organs by the concentration of manganese 
in organs and tissues of livestock has been noted in several 
studies (Alonso et al., 2002, 2004; Falandysz, 1993; Falandysz 
and Lorenc-Biala, 1989; Howes and Dyer, 1971; Puls 1994; 
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Rahil-Khazen et al., 2002; Taylor, 1996). In the same time, 
recent work demonstrated that manganese distribution in 
dairy cow organisms depends on element status and Mn 
redistribution may occur when general Mn supply and 
digestion change (Notova et al., 2023). Thus, the results of 
the works similar to the present one and meta-analysis of 
works obtained by the example of different locations may be 
used for understanding general patterns on Mn distribution 
depending on elemental status of cattle and control its supply.

Results of our study confirm and clearly show the 
difference between the organs (Table 2, Figure 3). Variability 
of manganese in the brain and liver was relatively low, 
in hair and muscle tissue, it was moderate, and in the 
heart, lungs, spleen, and testes — high. In terms of the 
degree of accumulation and variability of the level of 
manganese, hair stands out from other organs (Figure 3). 
This reflects the function of excreting excess metals in 
animals (Lakshmi Priya and Geetha, 2010). In the same 
time, despite hair of cows is widely used for the analysis 
of element profile of cattle (Miroshnikov et al., 2015), the 
results of the present work demonstrated that Mn content 
in hair cannot be reliable parameter allowing to estimate 
its content in other organ and tissues and should not be 
used for the development models and approaches used 
to regulate Mn supply.

5. Conclusion

The variability of the level of manganese in the organs 
and tissues of animals largely depends on the breeding 
zone, age and breed. Liver and kidneys are the main target 
organs for manganese accumulation. The spleen, lungs, 
heart, testes, brain, and muscles are highly similar in 
manganese accumulation. Hair contains 10 to 125 times 
more manganese than the organs and tissues of cattle. 
In muscle tissue, minimum value of manganese relative to 
other organs is recorded. Significant negative correlations 
were revealed between the level of manganese in the 
testes and liver, hair, and spleen, which possibly indicates 
the existence of biochemical mechanisms for protecting 
the reproductive system from an excess of this metal. 
The data obtained on the content of manganese in organs 
and tissues of Hereford cattle can be used as a preliminary 
norm in the conditions of Western Siberia.
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