
311 
To cite this paper: Vorobyov V, Vorobyov D, Polkovnichenko P and Safonov V (2019). Evaluation of Hematological and Metabolic Parameters in Small Ruminants with 

Trace Elements Deficiency under Different Biogeochemical Conditions. World Vet. J. 9(4): 311-316. www.wvj.science-line.com  

2019, Scienceline Publication 

World
’s
 Veterinary Journal  

 

World Vet J, 9(4): 311-316, December 25, 2019  ISSN 2322-4568 

 

Evaluation of Hematological and Metabolic Parameters in 

Small Ruminants with Trace Elements Deficiency under 

Different Biogeochemical Conditions 
 
 

Vladimir Vorobyov
1
, Dmitry Vorobyov

1
, Petr Polkovnichenko

1
 and Vladimir Safonov

2*
 

1Astrakhan State University, Astrakhan, Astrakhan Oblast, Russia 
2Vernadsky Institute of Geochemistry and Analytical Chemistry of the Russian Academy of Sciences, Moscow, Russia 
 

*Corresponding author’s Email: v1safonov@rambler.ru, : 0000-0002-5040-6178 

 

ABSTRACT 

In the present study soil, water, pasture plants, organs and tissues of crossbred sheep of the Soviet Aksaray and 

Zaanen German White Improved goats were analyzed for their Selenium (Se), Iodine (I), Cobalt (Co), zinc, copper, 

and manganese content in the Lower Volga region. The biogeochemical situation of terrestrial ecosystems of the 

Lower Volga region was characterized by Se, Co, and I deficiencies in soil, water, pasture plants, and feed of 

crossbred sheep of the Soviet Aksaray and Zaanen German White Improved goats. The deficiency of these trace 

elements in small ruminants had been compensated by changes in hematological parameters include high Red Blood 

Cell (RBC) and White Blood Cell (WBC) and biochemical parameters. Meanwhile, the analyzed trace elements in 

the organs and tissues of crossbred sheep (n = 6) and Zaanen German white improved goats (n = 6) demonstrated 

that goats had lower amounts of Se (0.0136 ± 0.002 mg/kg), I (0.19 ± 0.01mg/kg), and Co (0619 ± 0.03 mg/kg) 

compared to sheep. The animals were recorded with a decrease in alkali reserve, the content of total protein and 

lipids, vitamins A, E, C, B12, total calcium, and inorganic phosphorus, increase in glucose, conjugated dienes and 

malonic di-aldehyde in the blood, and functional insufficiency of the antioxidant protection system. 
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INTRODUCTION 

 

The Lower Volga region (Russia) was characterized by Selenium (Se), Iodine (I), and Cobalt (Co) deficiency in soil and 

pasture plants that form the core of sheep’s and goats’ feed (Kabata-Pendias, 2001; Bevis, 2015; Dinh et al., 2017; 

Ermakov, 2017). The largest amount of Se was found in May (0.051 ± 0.006 mg/kg), and the smallest in the autumn 

(0.024 ± 0.003 mg/kg). The Se content in pasture plants of the region was ranged from 12.6 ± 0.2 to 0.008 ± 0.002 mg/kg 

in dry matter (Vorobyov et al., 2018). Most plants of the region had Co and I deficiency (Ermakov, 2017). These trace 

elements deficiencies in the animal’s diet would be a stress factor leading to metabolic disorders, as well as decreasing 

productivity and reproductive function (Howard et al., 2016). Different species of small ruminants were known to have 

some differences in the accumulation of trace elements in the conditions of their biogeochemical deficit (Howard et al., 

2016). According to Howard et al. (2016), differences in Cupper (Cu), Zink (Zn), and Manganese (Mn) content in milk 

of sheep and goats grazed on the same semi-desert pastures in Pakistan revealed the deficient in these elements. 

Meanwhile, they did not found any differences in Co and Se content in the milk of these animals. Given the absence of 

research on the concentration of trace elements in the body of sheep and goats living in the Lower Volga region 

(Astrakhan region), the present study aimed to measure the content of Se, I, Co, Zn, Cu and Mn in soil, water, fodder 

plants, diets, organs and tissues of sheep and goats living in the given area. The influence of these trace elements on the 

animals’ hematological and biochemical profile was also evaluated. 

 

MATERIALS AND METHODS  

 

Ethical approval  

All experiments were performed in accordance with the animals act 1986 as recommendations of Amendment 

Regulations 2012, guide for the care and use of laboratory animals and on the basis of the Animal Ethics Committee 

report of Vernadsky Institute of Geochemistry and Analytical Chemistry of the Russian Academy of Sciences 

(Certificate No. 05.2017). 

 

Animals and research design 

Animals were selected randomly, from registered farms of Astrakhan Oblast in Russia. In the first stage, the 

content of trace elements (Se, I, Co, Zn, Cu and Mn) was analyzed in samples of soil (n = 302), water (n = 26), pasture 

plants (n = 29), organs and tissues (skeletal muscle, liver, spleen, blood, lungs, kidneys, abomasum, small intestine, bone 
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tissue, and wool) (n = 201) of Soviet Aksaray-type crossbreeding sheep (n = 6) and Zaanen German White Improved 

(ZGWI) goats (n = 6) in peasant farms in the Astrakhan region. Samples of soil, water, and plants were selected through 

the Kabata-Pendias method (2001). In the second stage, the researchers studied the influence of the elemental status of 3-

years-old crossbred ewes of Soviet Aksaray-type sheep (n = 6) with a live weight of 51.2 ± 2.6 kg and 3-years-old ZGWI 

goats (n = 6) with a live weight of 32 ± 1.4 kg on their hematological and biochemical profile. The study was held in the 

Unitary Municipal Agricultural Enterprise “Aksarayskiy” Krasnoyarsk district of the Astrakhan region. The studies 

were conducted in 2016-2019 in the spring and summer. 

 

Sampling 

Water samples were taken from rivers that are typical for the given area, specifically from the surface water and 

bottom sediments. The structure of polluted fields as well as geological and chemical factors that led to the formation of 

these areas were taken into account. Soil sampling for analysis has been carried out by the envelope method, after which 

the sample has been placed in a sample tube of chemically neutral material and delivered to the laboratory. 

The selection of grass has been carried out immediately before processing it into feed. Nine sites have been 

allocated with an area of 1-2 m
2
, located diagonally. The samples (mean 450 g) have been taken from each site and a 

combined sample was prepared with average weight of 1.2 kg. During histological and histochemical studies, tissues 

have been fixed in a 10% solution of neutral formalin. Further, the tissues of the studied animals have been cut across 

into three plates of the same thickness: upper, middle and lower. The fast blood samples were collected form animals in 

the morning by puncture of the ear vein in the sterile EDTA vacuum blood collection tubes without anticoagulant blood 

was taken by puncture of the jugular vein into vacuum test-tubes, for hematology-with an anticoagulant, for biochemistry 

without an anticoagulant (serum). The blood samples have been centrifuged at 4000 rounds per minute for 10 minutes, 

after coagulation for an hour at room temperature. The blood serum was carefully collected and stored at -20° centigrade 

until biochemical analysis. 

 

Determination of trace elements contained in the samples 

The Co, Zn, Cu and Mn, Se and I contained in the samples were determined using Hitachi 180-50 atomic 

absorption spectrophotometer.  

 

Hematological analysis  

Hemoglobin, erythrocytes, and leukocytes were determined by using a Micros-60 Analyzer (Horiba ABX, France). 

Differential number of leukocytes (leukocyte formula) was determined through disturbing a fine drop of venous blood on 

a slide, air-drying and staining with Romanovsky stains using May-Grunewald-Giemsa (MGG) method. Thereafter, two 

hundred cells were counted, classified, and their percentage was determined (Diem and Theml, 2004). 

 

Biochemical analysis 

The content of total calcium, inorganic phosphorus, and blood alkaline reserve, the range of total protein, lipids and 

glucose in the serum was determined using the relevant methods described in the references (Woodman and Price, 1972; 

Georgievskii et al., 1982; Choleva et al., 2018). The serum content of vitamins A and E was measured by liquid 

chromatography (Urbánek et al., 2006) using the MINICHROM columns with a UV scanning detector (Russia). The 

liquid chromatography technique was developed in Russia. It implies the use of multi-wavelength scanning 

spectrophotometric UV/V is detectors, fluorimetric detection, and the acquisition of spectra in the stopped-flow. The 

range of vitamin B12 was determined by the microbiological techniques with the Escherichia coli strains 115-6115-6 

(Bandeli and Tuschhoff, 1954). The “Shimadzu UV-1700 series” spectrophotometer was used to determine the range of 

conjugated dienes, the primary products of lipid peroxidation (Pryor and Castle, 1984), malonic dialdehyde (Kazimirskii 

et al., 2018), catalase activity (Hadwan and Ali, 2018), superoxide dismutase (Guemouri et al., 1991), glutathione 

peroxidase (Paglia and Valentine, 1967) and erythrocyte acid resistance (Pokrovskii and Abrarov, 1964). 

 

Statistical analysis 

The software STATISTICA 8.0 (StatSoft. Inc., USA) was used for processing statistical data. The data provided 

the arithmetic mean ± standard error of the mean; the coefficient of variation; and the correlation coefficients of 

Spearman and Pearson. The significant differences between groups of animals were determined by the Student's t-test 

with a significance level of P<0.05. 

 

RESULTS 

 

The containing elements in water were 0.6 ± 0.01 mg/kg of Co, 0.016 ± 0.003 mg/kg of Se, 10.8 ± 0.8 mg/kg of Mn, 

34.6 ± 3.5 mg/kg of Zn, 3.7 ± 0.6 mg/kg of Cu, and 1.5 ± 0.19 mcg/kg of I. The content of Se in the organs and tissues of 
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ewes and goats lined up in decreasing order of liver, abomasum, spleen, wool, lungs, bone tissue, blood, kidneys, and 

skeletal muscle. The content of Co in the organs and tissues of ewes and goats lined up in decreasing order of wool, 

liver, abomasum, blood, bone tissue, lungs, kidneys, small intestine, and skeletal muscles. The content of I in the organs 

and tissues of ewes and goats lined up a decreasing order of spleen, abomasum, small intestine, kidneys, blood, bone 

tissue, wool, liver, lungs, and skeletal muscle. The highest concentration of Se was found in the liver of ewes (0.57 ± 

0.003 mg/kg), and in the kidneys of goats (0.51 ± 0.002 mg/kg). The highest concentration of copper was found in the 

lungs (19.8 ± 1.07 mg/kg) and in the small intestinal walls, with the level 0.05 mg/kg lower compared to lungs. The 

highest concentration of Cu was in the lungs of goats, which was 0.05 ± 0.02 mg/kg higher than in the ewes. Ewes had 

the highest concentration of Mn in the blood (55.7 ± 0.09 mg/kg), which was higher than in goats (6.1 ± 2.9 mg/kg). 

Comparing the concentration of trace elements in the organs and tissues between crossbred sheep (n = 6) and ZGWI 

goats (n = 6), the goats had lower concentration of Se (0.0136 ± 0.002 mg/kg), I (0.19 ± 0.01 mg/kg), and Co (0619 ± 

0.03 mg/ kg) compared to sheep. Hematological profile of sheep and goats are indicated in table 2. By blood analysis, 

goats had higher Hb (50 ± 0.8 g/l) than sheep, while sheep demonstrated higher level of RBC, by 2.64±1.2 10
12

/l. The 

concentration of erythrocytes in goats was significantly higher than in sheep (difference, 5.5 ± 0.61 10
9
/l, Р < 0.05). The 

results of biochemical analysis of blood and serum of animals are indicated in table 3. 

According to biochemical data, the uterine protein level was 14.67 ± 2.7 g/l higher in sheep than in goats but the 

total concentration of calcium was significantly higher in goats than in sheep, by 4.86±0.2 mol/l. For other indicators, the 

difference was not significant (Table 3). The "lipid peroxidation - antioxidant protection" system indicators of sheep and 

goats are shown in table 4. From data in table 4, it is evident that the level of conjugated dienes was 0.74 ± 0.03 mmol/ml 

higher in sheep compared to goats, while the concentration of superoxide scavenger was by contrast higher in goats. 

 

Table 1. The content of microelements in the organs and tissues of three years old ewes and goats in the bio-

geochemical conditions of the Lower Volga region (Mean ± SEM)  

Organ (tissue) 
Selenium 

(mg/kg) 

Copper 

(mg/kg) 

Cobalt 

(mg/kg) 

Manganese 

(mg/kg) 

Zinc  

(mg/kg) 

Iodine 

(mg/kg) 

Skeletal muscle 
0.026 ± 0.004 

0.02 ± 0.005 

7.85 ± 0.83 

5.9 ± 0.32 

0.06 ± 0.003* 

0.04 ± 0.002 

18.6 ± 0.58 

22.8 ± 1.14 

73.2 ± 2.11 

78.3 ± 7.42 

0.21 ± 0.016* 

0.03 ± 0.004 

Liver  
0.57 ± 0.003* 

0.32 ± 0.06 

19.2 ± 0.76* 

16.1 ± 0.22 

3.06 ± 0.08* 

2.09 ± 0.84 

51.3 ± 0.34* 

44.5 ± 8.11 

98 ± 5.35 

116 ± 12.3 

0.31 ± 0.022* 

0.27 ± 0.003 

Spleen  
0.29 ± 0.003 

0.29 ± 0.004 

16.5 ± 2.24* 

14.8 ± 1.06 

1.84 ± 0.05* 

0.9 ± 0.03 

52.6 ± 0.18* 

33.7 ± 1.09 

67.9 ± 8.14* 

36.3 ± 3.23 

0.8 ± 0.19* 

0.08 ± 0.002 

Blood 
0.04 ± 0.003 

0.03 ± 0.003 

8.7 ± 0.87 

12.7 ± 1.95* 

1.43 ± 0.05* 

1.22 ± 0.07 

55.7 ± 0.09* 

49.6 ± 3.14 

51.2 ± 4.56* 

31.7 ± 2.12 

0.36 ± 0.113* 

0.21 ± 0.021 

Lungs  
0.09 ± 0.003* 

0.07 ± 0.001 

19.8 ± 1.07 

24.3 ± 0.19* 

1.03 ± 0.004 

0.83 ± 0.003 

27.8 ± 2.07 

29.5 ± 4.01 

93.2 ± 3.54 

106 ± 5.19 

0.28 ± 0.033 

0.21 ± 0.021 

Kidneys  
0.03 ± 0.008 

0.51 ± 0.002* 

6.3 ± 2.06* 

13.9 ± 0.05* 

0.94 ± 0.0076* 

0.56 ± 0.04 

42.2 ± 2.05 

46.8 ± 2.18 

66.3 ± 5.12 

88 ± 8.64* 

0.42 ± 0.017* 

0.26 ± 0.004 

Abomasum 
0.42 ± 0.06* 

0.31 ± 0.004 

16.1 ± 1.08 

14.5 ± 0.06 

2.18 ± 0.99* 

0.99 ± 0.09 

53.3 ± 1.08* 

45.3 ± 1.28 

119 ± 6.65 

121 ± 8.86 

0.54 ± 0.09* 

0.32 ± 0.09 

Small intestine 
0.44 ± 0.002 

0.42 ± 0.006 

19.3 ± 1.26 

20.1 ± 0.05 

0.91 ± 0.007 

0.98 ± 0.06 

40.1 ± 0.31* 

25.6 ± 2.05 

87.4 ± 5.57* 

75.3 ± 10.5 

0.47 ± 0.017* 

0.25 ± 0.017 

Bone tissue 
0.07 ± 0.003* 

0.03 ± 0.017 

9.72 ± 0.38* 

7.41 ± 0.04 

1.28 ± 0.05* 

1.02 ± 0.006 

30.09 ± 0.59 

82.1 ± 4.55* 

124 ± 3.24 

161 ± 9.8* 

0.32 ± 0.014 

0.26 ± 0.054 

Wool 
0.26 ± 0.004* 

0.12 ± 0.08 

14.7 ± 1.89* 

13.1 ± 0.28 

4.25 ± 0.04* 

3.16 ± 0.08 

43.3 ± 2.12* 

49.8 ± 1.14 

96.8 ± 4.27* 

56.7 ± 3.12 

0.32 ± 0.088* 

0.23 ± 0.022 

* P<0.05, n:12 (6 sheep and 6 goats) 

 

Table 2. Hematological profile of sheep and goats in the biogeochemical conditions of the Lower Volga region. 

RBC 

1012/l 

Hb 

g/l 

WBC  

109/l 

Granular 

leukocytes 
Neutrophilic leukocytes 

Agranular 

leukocyte 

BAS,  

% 

EOS, 

% 

MIE, 

% 

IN,  

% 

BN,  

% 

SN,  

% 

LY,  

% 

MO,  

% 

Soviet crossbred ewes for meat wool production (n = 6) 

15.36 ±1.45 103.6 ± 3.8 14.47±0.24 0.4 5.09 0.1 0.0 1.5 43.5 46.0 2.5 

Zaanen German White Improved goats (n = 6) 

12.72 ± 0.24 153.4± 0.82 19.97±0.82 0.2 2.1 0.2 0.0 4.5 25.2 65.5 2.1 

BAS = basophils, EOS = eosinophils, MIE = myocyte, IN = immature neutrophil, BN = banded neutrophil, SN = segmented neutrophils, LY = 

lymphocytes, MO = monocytes, RBC = red blood cell, Hb = hemoglobin, WBC = white blood cell, g = gram, l= liter. 
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Table 3. Biochemical analysis of the serum samples of sheeps and goats in the biogeochemical conditions of the Lower 

Volga region (Mean ± SEM). 

Indicators Sheep (n = 6) Goats (n = 6) 

Total protein (g/l) 73.61 ± 5.02* 58.94 ± 4.09 

Total lipids (g/l) 3.21 ± 0.09 4.35 ± 0.08 

Total calcium (mol/l) 2.59 ± 0.25 7.45 ± 0.14* 

Inorganic phosphorus (mol/l) 1.34 ± 0.07 1.02 ± 0.02 

Selenium (ml/kg) 0.042 ± 0.002* 0.027 ± 0.004 

Iodine (mg/l) 0.36 ± 0.002* 0.21 ± 0.006 

Alkali reserve, volume % CO2 43.4 ± 2.75* 41.2 ± 2.31 

Glucose (mol/l) 3.01 ± 0.18 4.97 ± 0.33* 

Vitamins А (mol/l) 0.86 ± 0.004* 0.65 ± 0.003 

Vitamins В12 (mmol/l) 1.92 ± 0.08* 1.65 ± 0.06 

Vitamins Е (mmol/ml) 6.21 ± 0.03* 4.7 ± 0.03 

*p<0.05 in contrast to another animal species. 

 
Table 4. The "lipid peroxidation - antioxidant protection" system indicators of sheep and goats in the biogeochemical 

conditions of the Lower Volga region (Mean ± SEM). 

Indicators Sheep (n = 6) Goat (n = 6) 

Conjugated dienes (mmol/ml) 2.04 ± 0.03 2.79 ± 0.06* 

Malonic dialdehyde (mmol/l) 0.42 ± 0.06 0.78 ± 0.07* 

Catalase (mmol) H2O2/(l×min) 3.09 ± 0.05* 3.01 ± 0.91 

Glutathione peroxidase (mmol) GSH/(l×min)  6.07 ± 0.17* 5.72 ± 0.31 

Superoxide scavenger (unit/min) 161 ± 9.15 152 ± 7.71 

Peroxide resistance of erythrocyte (%) 2.78 ± 0.05 3.21± 0.09 

*Р<0.05 in contrast to another animal species.  

 

DISCUSSION 

 

The low contents of Se, I, and Co were found in samples of soil and pasture plants (Ermakov, 2017). At the same time, 

the content of Mn and Zn were at a comparable level in macrophyte with the chernozem region (black earth region) 

(Samokhin, 2003; Ermakov, 2017). The Cu content of all plant feeds studied was at the lower limit of the normal (Suttle, 

2010; Ermakov, 2017). 

The contents of Se, I and Co in the organs and tissues of sheep and goats were lower than the average values of 

small ruminants from other regions of Russia (Arsanukaev, 2006; Ochirov, 2015) and significantly below the 

physiological level (Motuzko et al., 2008; Goff, 2018). Therefore, the deficiency of Se, Co and I was determined in the 

main components of the ecosystems of the Astrakhan region of Russia. According to table 2, the concentration of 

erythrocytes (in sheep, 15.36 ± 1.45 10
12

/l; in goats, 12.72 ± 0.24 10
12

/l) and leukocytes (in sheep, 14.47 ± 0.24 10
9
/l; in 

goats, 19.97 ± 0.82 10
9
/l) was beyond the normal (Kondrakhin et al., 2004; Jones and Allison, 2007). Table 3 indicates 

that the concentration of biochemical analysis of blood and serum in sheep and goats was 0.1 ± 0.001 lower compared to 

the other regions (Müller et al., 1993; Arsanukaev, 2006). On the contrary, the content of glucose in the blood was above 

the normal values of physiological parameters (Kondrakhin et al., 2004; Motuzko et al., 2008). Se, Co and I deficiencies 

and associated metabolic changes in sheep and goats disrupted dynamic equilibrium in the lipids peroxidation - 

antioxidant protection system (Table 4) and initiated the development of oxidative stress (Celi, 2011; Puppel et al., 

2015). 

Therefore, the conjugated dienes and malonic dialdehyde contained in sheep and goats’ blood were significantly 

higher than the same small ruminants from regions with sufficient level of Se, Co and I in the environment and in the 

plants (Celi, 2011; Ochirov, 2015). The content of conjugated dienes and malonic dialdehyde in goats’ blood was 36.8% 

and 85.7% higher (P <0.05) than sheep, respectively. The activity of catalase, glutathione peroxidase and superoxide 

dismutase in the blood of sheep and goats did not differ significantly, and the indicators were lower than the same small 

ruminants from regions with enough content of Se, Co, and I in the setting and plants (Ochirov, 2015). Data analysis has 

shown that therapeutic and preventive measures in the region are needed to offset the deficits of Se, Co and I in animal 

nutrition. 

 



315 
To cite this paper: Vorobyov V, Vorobyov D, Polkovnichenko P and Safonov V (2019). Evaluation of Hematological and Metabolic Parameters in Small Ruminants with 

Trace Elements Deficiency under Different Biogeochemical Conditions. World Vet. J. 9(4): 311-316. www.wvj.science-line.com  

CONCLUSION 

 

The biogeochemical situation of the terrestrial ecosystems of the Lower Volga region was characterized by Se, Co, and I 

deficiencies in soil, water, pasture plants, diets, organs and tissues of Soviet Aksaray type crossbred sheep for meat and 

wool production and ZGWI goats. The deficiency of these trace elements in small ruminants had been compensated by 

changes in hematological (increased RBC and WBC) and biochemical blood parameters. The animals were recorded 

with a decrease in alkali reserve, the content of total protein and lipids, vitamins A, E, C, B12, total calcium, and 

inorganic phosphorus, increased in glucose, conjugated dienes and malonic di-aldehyde in the blood, and functional 

insufficiency of the antioxidant protection system.  
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