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The current research described the effect of neurotropic and metabolic non-hormonal biologically active medicine Nanovulin-VRKh 
© on the milk yield amount and the milk quality. Two cow groups were under study: the experimental and the control groups, each 
including four cows. The results showed that two of the neurotropic and metabolic Nanovulin-VRKh injections made 12 and 24 
hours after the insemination did not effect the body thermoregulation of cows. Administration of the Nanovulin-VRKh contributes to 
stable fat formation in cow milk. Increased content of protein, nonfat milk solids, stable fat formation in milk were due to Nanovulin-
VRKh administration. It was also established that, in the milk of experimental animals were administered the Nanovulin-VRKh, the 
pronounced effect of the drug on the protein, fat and nonfat milk solids content was observed, and the prolonged effect on these 
indices was reported during the fourth milking. Introduction of Cuprum aqua-chelate into the drug did not has toxic effect on the 
animal body and therefore would not effect the human health through the dairy products. 

Key words: Milk yield; Milk quality; Nanovulin-VRKh; Cuprum aqua-chelate; Non-fat milk solids; Protein; Fat 

Introduction 
In recent years, dairy cattle breeding has become problematic. The number of calves born per 100 cows has decreased, the terms 
of females’ economic use have reduced, while fertilization after the first insemination has decreased. Therefore, the potential task is 
to use biologically active drugs to regulate and stimulate the sexual function in females. One of these is biological active medicine 
Nanovulin-VRKh ©, which administration raises the reproductive capacity in cows (Gruntkovskyi, 2014). This drug includes Cuprum, 
sodium succinate, and sodium glutamate, which are dissolved in sterile distilled water. 

Cuprum deficiency in the animal diet is also a problem. It plays a very important role in the processes of embryogenesis, growth, 
animal development, and is a necessary component for many metabolic processes and for the blood hemoglobin synthesis. The high 
activity of cytochrome oxidase in the embryo’s tissues and the associated intensive respiration of cells and very intense movement 
of Cuprum from the mother’s body into the fetus (Linder et al., 1999; Linder, 2002) evidence it. This trace element raises the 
consumption of vitamins E and K by the tissues, activates the action of insulin and inhibits the action of adrenaline, stimulates the 
pituitary hormones activity and the reproductive apparatus function in females and males, eliminates the toxic effect of thyroxine 
(Kononskyy, 2006; Mylostyva, 2011; Syvyk, 2005; Khmelnytskyy et al., 1995). In addition, Cuprum containing proteins effect 
carbohydrate metabolism, fat synthesis, formation of P and B vitamins (Kononskyy, 2006). However, along with the positive action, 
it should be noted that Cuprum is the most toxic of all trace elements in overdose. It is known that its excess in animal body causes 
liver damage, blocks SH-groups of proteins, especially enzymes, and raises the mitochondrial membrane permeability. Preliminary 
research have found that in case of Cuprum excess in the body, it is excreted with bile, urine, sweat, and with milk in females 
during lactation (Cooper, 2015; Kurihara, 2015).  
Therefore, our study was to analyze the animal body response to the drug administration by detecting changes in body temperature 
and chemical composition of milk. 

Material and Methods 
The studies were carried out at the separate department of NULES of Ukraine “O.V. Muzychenko Velykosnitynskyi NDG” by the 

pairs-analogues method. Two groups were selected for this purpose, with five animals in each. The temperature measurements 
were performed five times: the first measurement was performed before the first injection, the second and the third measurements 
- 30 and 60 minutes after the first injection, the fourth and the fifth - 60 minutes before and after the second injection. The body 
temperature was measured rectally using a mercury thermometer. We used the neurotropic-metabolic Nanovulin-VRKh drug of non-
hormonal origin and analyzed its effect on the milk yield and milk quality. The control and the experimental groups were formed of 
eight cows (four cows in each), which were analogous in age, live weight, lactation, productivity, and recovery period duration. The 
cows were kept in the same feeding and housing conditions. 
In the experiment, the cows were milked twice a day, in the morning and in the evening (Table 1). The first milk sample was 
collected during milking prior to the drug administration. The second and the third samples - at subsequent milking 60 minutes after 
the first and the second injections of the drug. The fourth sample was collected at the fourth milking 12 hours after the injection. 
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Table 1. Scheme of experiments with the Nanovulin-VRKh. 

Group 
Milking 1 
(morning) 

Milking 2 
(evening) 

Milking 3 
(morning) 

Milking 4 
(evening) 

Control, n = 4 
insemination (sample 

1) 

1 hour before milking 
Nanovulin-VRKh 

1st injection + (sample 2) 

1 hour before milking 
Nanovulin-VRKh 

2nd injection + (sample 3) 
(sample 4) 

Experimental, 
 n = 4 

insemination (sample 
1) 

1 hour before milking 
normal saline 

1st injection + (sample 2) 

1 hour before milking 
normal saline 

2nd injection + (sample 3) 
(sample 4) 

After obtaining the milk sample, the chemical analysis was carried out using the “EKOMILK” device, to determine the weight fraction 
of fat, protein and nonfat milk solid. Calibration of the “EKOMILK” device was carried out every month, and the data obtained on the 
milk chemical composition were periodically checked and confirmed by standard acid-butyrometric methods. Determination of the 
Cuprum content in the selected milk samples was carried out at the laboratory of the State Research Institute of Nanobiotechnology 
and Resource Conservation of Ukraine by atomic emission spectrometry with inductively-coupled plasma (AES-ICP) using the 
Optima 210 OV device. Statistical data processing was performed using Statistica 7.0 software. Data in tables were presented like 
mean values (M) and standard deviations (m). The difference between the quantitative indices was determined using the Student's 
t-test, the results were considered significant at p<0.05. 

Results and Discussion 
In experimental cows, the body temperature dynamics tended to decrease during the period until the second injection, although 
these fluctuations were within the error range. In the control group of animals, unlike the experimental group, the body 
temperature increase was observed. Thus, at the first measurement, it was 38.38°C, and at the fourth one - 38.64°C (Table 2). 

Table 2. Dynamics of body temperature dynamics in experimental cows (°C). 

Period 
Group, n=5 

Control Experimental 
М±m Cv,% М±m Cv,% 

Before 1st injection 
38.38±0.09 0.50 38.42±0.23 1.36 

30 min after 1st injection 
38.40±0.07 0.41 38.40±0.21 1.21 

1 hour after 1st injection 
38.46±0.08 0.44 38.30±0.18 1.04 

Before 2nd injection 
38.64±0.10 0.60 38.28±0.18 1.04 

1 hour after 2nd injection 
38.58±0.11 0.65 38.36±0.17 0.99 

Comparing the body temperature in the animals of the experimental and control groups, we found that it was almost similar and 
was determined within the within the margin of error. And only at the fourth measurement in the control animals the body 
temperature exceeded that of experimental group by 0.36°C. 
Thus, two injections of the neurotropic-metabolic Nanovulin-VRKh made 12 and 24 hours after insemination do not affect the 
thermoregulation of the cow's body. In chemical analysis of milk, the following indices were taken into account: milk yield, protein, 
fat, nonfat milk solid, density and Cuprum content. The experimental animals were twice injected with the Nanovulin-VRKh, the time 
of the drug administration coincided with the second and the third milk sampling. The drug was administered 60 min before milk 
selection. Figure 1 shows that milk yield of the control group cows tended to grow up to the third sampling, and then decreased 
again, but these changes were within the margin of error. In the experimental group, on the contrary, there was a tendency to 
decrease the milk yield in cows. Thus, after the second injection of the drug, the milk yield was nine liters, which is reliably less than 
that of the control group by 13.9%. After that, the milk yield value returned to the margin of error. 

The next index to be studied was the fat content of milk. In milk, the fat is in the form of fat balls surrounded with a protein 
membrane. By its chemical composition, milk fat is a compound ester of alcohol, glycerol, and fatty acids. The proportion of fatty 
acids is 83-85% of fat weight part. Pure milk fat is mainly a mixture of heterogeneous triglycerols. In milk fat, the proportion of 
triglycerols is 98-99%, diglycerols - 0.2-0.5%, monoglycerols - 0.02% of the total weight (Bilonoha, 2010; Busenko, 2005). 
In the cows of the control group, the increase in fat content in the second milk sample was observed in the dynamics, and in the 
third and the fourth samples it decreased again - by 0.4% and 0.43% compared to the second sample (Figure 2). 
No significant fluctuations of fat content in milk were detected in the experimental group, the highest value being in the second 
sample as in the control group, but all these changes were determined within the margin of error. 
It was found that in all four cow milk samples of the control group, the fat content was lower by 0.48; 0.29; 0.58 and 0.71% 
(p<0.05) compared to the experimental ones. Based on the results obtained, it can be assumed that administration of the 
Nanovulin-VRKh contributes to the stable formation of fat in the cow milk, as in the samples of experimental animals significant 
fluctuations did not occur compared to the control animals. 
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We used another important index - the protein content, its proportion was about 25% of the dry matter. As chemicals, proteins are 
high molecular mass compounds composed of α-amino acids. One milk protein molecule may contain several hundred or even 
thousands of nearly twenty amino acids residues (Busenko et al., 2005). 

Figure 1. Milk yield, kg. 

Figure 2. Milk fat content, (%). 

The main sources for the synthesis of milk proteins are casein, β-lactoglobulin and α-lactoalbumin, which are free blood amino acids 
that penetrate the membrane of cow lacteous gland’s epithelial cells by diffusion (simple or facilitated), in which -

glutaminetransferase system is the basis. It is characterized by broad substrate specificity, particularly to methionine, glutamine, 
cysteine and alanine. In the synthesis of milk proteins, the gland also absorbs glutathione from erythrocytes, which is a significant 
source of cysteine, glycine and glutamate. It was established that the level of protein in the control group animals’ milk in the first 
two samples was the same and reliably decreased in the third and fourth samples (Figure 3). Experimental animals have a tendency 
to increase protein levels with each sample. Thus, in the first sample it was 2.90%, and after two injections of the Nanovulin-VRKh 
the protein content increased by 0.23%, and in the fourth sample it reached 3.13%. Compared to the control group, the protein 
level in milk after the drug administration in the third and fourth samples was reliably higher than in the control by 0.17% and 
0.28%, respectively (р<0.05). 
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Figure 3. Milk protein content,%. 

Another index taken into account when assessing the milk quality was nonfat milk solids. The mass fraction of dry matter in milk is 
12–13% and depends on its composition. The most variable proportion of milk solids is fat, therefore in the practice of dairy 
production nonfat milk solids (NFMS) indices, obtained after subtracting the fat percentage from the total milk dry matter, are 
frequently used (Kononskyy, 2006). 
In the control group of animals, the amount of nonfat milk solids slightly changed within the range of 0.01–0.17% in the dynamics. 
In the experimental group, there was a tendency to an increase in the NFMS content with the drug injections, and after their 
completion, this index returned to the baseline. The difference between the baseline nonfat milk solids and their level in the sample 
after the second injection was 0.37%. The highest level of nonfat milk solids in the experimental group was in the third sample, 
which was significantly higher than the control data by 0.35% (Figure 4). 
Therefore, the content of nonfat milk solids in the of the control group milk did not fluctuate significantly, whereas in the 
experimental group it increased with the second injection of the drug up to 8.24%. 
Milk density is the mass of milk at 20oC contained per unit of volume (kg/m3 or g/cm3). The density index is used to convert milk 
from volumetric values (l) into kg and, conversely, to determine milk naturality, to calculate the amount of dry matter, nonfat milk 
solids (NFMS), and other components according to the formulas. The whole cow milk density ranges from 1.027 to 1.032 kg/m3, in 
individual animals – from 1.026 to 1.034 kg/m3 (Khramtsov & Nesterenko, 2004). 
In the control animals, the milk density in the first sample was 1.027 kg/m3, then it decreased to 1.026 kg/m3 and remained 
unchanged in the rest samples. The experimental group had fluctuations in the density: in the first two samples it was 1.026 kg/m3, 
in the third - it increased to 1.027 kg/m3, which coincides with the second injection of the Nanovulin-VRKh, and in the fourth sample 
it decreased again (Figures 3-6). 

Figure 4. Content of nonfat solids in milk, (%). 
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Figure 5. Milk density, kg/m3. 

Therefore, it can be assumed that increase in the milk protein content, nonfat milk solids and stable fat formation during the 
experiment compared to the control was due to administration of the Nanovulin-VRKh, rather than the milk yield decrease, since 
after the yield had decreased by 4.3% in the control group, it did not contribute to the increase of the above indices in the fourth 
sample. That is, the clear drug’s effect on the content of protein, fat and nonfat milk solids is traced and its prolonged action is 
observed. When studying the Cuprum content in milk, it was found that the concentration of this trace element in the cow milk of 
the control and experimental groups fluctuates in the dynamics within 0.02-0.03 mg/l. This value was at the minimum level of 
physiological norms, which amount to 0.02-0.72 mg/l, which indicates a slight intake of this trace element by animals (Figure 6). 

Figure 6. Cuprum concentration in milk, mg L-1. 

Discussion
Some researchers (Georgiyevskiy, 1990; Kononskyy, 2006; Bakircioglu, 2012) note that the absorption of certain non-essential 

amino acids (glutamic, aspartic, serine, proline, alanine) by the lacteous gland occurs in smaller amounts than they are excreted 
with milk proteins. In the animal body, among the amino acids, the first place in quantitative terms belongs to glutamic acid. Thus, 
according to the data characterizing the amino acid composition of casein, among the 15 presented amino acids, glutamine acid 
amounts to 22.4%. It is involved in a large number of reactions related to energy metabolism, synthesis of amino acids, protein, 
carbohydrates and lipids (Braunshteyn, 2005). It is important to emphasize that only glutamic amino acid is oxidized in the cerebral 
tissues and is an energy source for neuronal activity. Stimulating effect on the hypothalamic-pituitary system is inherent in it, it 
activates the hunger and satiation regulatory centers, which in turn leads to better consumption of fodder by animals (Volkov et 
al.,1975). In general, our results are consistent with the data of other researchers, dealing with a similar problem (Braunshteyn, 
2005; Mylostyva, 2011; Syvyk, 2005). Animals often lack important amino acids and trace elements during functional stress. The 
use of the drug during this period permits to increase cell activity, stimulating metabolic processes through neuroendocrine 
regulation, which in turn has a positive effect on the reproductive capacity and animal performance. 
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Conclusion
We determined a pronounced effect of Nanovulin-VRKh © on the level of protein, fat and the content of nonfat milk solids in cows 
administered with this medicine, moreover we observed a prolonged effect on these parameters during the fourth milking. The 
Cuprum concentration in the cow milk from control and experimental groups were ranged from 0.02 to 0.03 mg L- 1and is this was a 
minimum physiological level. That is, the Cuprum aqua chelate administration did not has a toxic effect on the animal body and, 
through the products obtained, on the human body. Therefore, our research confirmed the environmental friendliness of the 
medicine studied, which does not cause negative changes in the animal body.
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