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Abstract.  The arƟcle presents the results of studies of the effect of fenbenzyl and 
fenbendazole on the anƟoxidant status in dogs under the experimental infecƟon with 
a causaƟve agent of toxocariasis. Experiments were performed on 18 dogs, two and 
four months old. Three groups of six animals in each were formed: control and two 
experimental. Puppies in all groups were experimentally infected with causaƟve agent of 
toxocariasis at a dose of 5.000 embryonated Toxocara canis eggs per kg of body weight. 
The control group of dogs was as untreated control. Puppies of the first experimental 
group were fed with the drug fenbendazole at a dose of 150 mg per 3 kg of body weight 
once a day for three days in a single dose. Puppies of the second experimental group 
were fed with the drug fenbenzyl at a dose of 350 mg per 3 kg of body weight once a 
day for three days. While studying the acƟvity of the enzymaƟc part of the anƟoxidant 
defense system, namely catalase, superoxide dismutase, glutathione peroxidase, 
glutathione reductase, as well as a non-enzymaƟc part: the level of reduced glutathione, 
an increase in the acƟvity of these indicators was found in animals of experimental 
groups. It should be noted that the applicaƟon of the drug fenbenzyl in infected dogs 
contributed to a beƩer normalizaƟon of the anƟoxidant system in animals than the use 
of the drug fenbendazole. The use of fenbenzyl in infected dogs contributed to a more 
likely increase in the anƟoxidant status in dogs of the second experimental group, as 
this drug includes milk thistle that exhibits anƟoxidant properƟes due to the presence 
of silymarin, which restores damaged liver cells. Studies confirm the effecƟveness of 
the use of milk thistle in drug fenbenzyl in dogs with the development of toxocariasis 
infecƟon to acƟvate the protecƟve systems of their body.

Keywords: pollodoxin, doxycycline hyclate, broiler chickens, ornithobacteriosis, 
Ornithobacterium rhinotracheale, pharmacokineƟc parameters 

Introduction

The results of research and generaliza-
tion of the literature indicate that among 
the parasitic diseases of dogs the most 
common in our country and abroad are 
gastrointestinal helminthiases, among 
which the leading place has toxocariasis – 
nematode infection from the order Ascar-
idida (Pryima, 2010; Bodnia, 2016; Ozlati 
et al., 2016; Zibaei & Sadjjadi, 2017).

It is known that the intestinal form 
of the disease is caused by mature Toxo-
cara, and the larvae – visceral. In the 
process of migration, larvae, as well as 
their metabolites, can cause severe mul-
tiorgan damage up to death (Moisieieva 
et al., 2017; Said et al., 2018; Stybel et 
al., 2021). However, some mechanisms 

of activation of lipid-free radical oxi-
dation processes in the development of 
toxocariasis in dogs and their relation-
ship with the body’s defense systems, 
especially the immune system, which 
is closely related to the antioxidant de-
fense system in animals, remain unclear.

Toxocara plays a significant role in 
stimulating the formation of free radical 
oxidation and imbalance between ox-
idant and antioxidant content with the 
subsequent development in animals of 
so-called oxidative stress, including blood 
leukocytes, which are among the first to 
respond to changes in the environment 
under the influence of Toxocara metabo-
lites (Robertson & Thomson, 2002; Vidal 
et al., 2003; Svirzhevska, 2011; Macuho-
va et al., 2013). An important role in the 
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development of oxidative stress in infect-
ed animals is the balance of prooxidant 
synthesis and antioxidant protection, the 
shift of this balance towards prooxidants 
causes compensatory activation of the 
antioxidant system from the damaging 
effects of free radicals and peroxide com-
pounds (Martyshuk et al., 2016; Gutyj et 
al., 2017; Grymak et al., 2020).

The antioxidant defense system is a 
system responsible for regulating the in-
tensity of radical formation and neutraliza-
tion of peroxidation products (Martyshuk 
& Hutyi, 2021; Varkholiak et al., 2021). 
The main mechanism of these reactions 
control is related to the chain of reversible 
redox reactions of metal ions, ascorbate, 
tocopherol, glutathione, and other sub-
stances (Martyshuk et al., 2 021). In addi-
tion, the importance of these methods is 
especially important for the preservation of 
long-standing macromolecules of nucleic 
acids and proteins, some components of 
membranes (Holovakha et al., 2018).

As a result of the application of an-
thelmintic drugs for treating animals 
with toxocariasis, side effects caused by 
the reaction of dogs to the death of Toxo-
cara can occur, because the destruction 
of Toxocara also leads to the release of 
toxins (Rubinsky-Elefant et al., 2011; 
Zakharchuk & Harazdiuk, 2014; Noor 
et al., 2019; Said et al., 2020).

A wide range of anthelmintic drugs 
is used to treat dogs with toxocariasis. 
As a result of the destruction of para-
sites’ bodies after the application of 
anthelmintics, somatic poisons and 
metabolites are released in the body 
of the host that cause intoxication and 
contribute to the reduction of its defense 
systems. The inclusion of milk thistle in 
the treatment of patients with toxocaria-
sis allows to protect their body from the 
effects of parasite toxins and strengthen 
the immune and antioxidant potential.

Some authors have found a stimulat-
ing effect of milk thistle on the activity of 
antioxidant and hepatoprotective effects 
in animals (Toklu et al., 2008; Martyshuk 
& Gutyj, 2019; Martyshuk et al., 2021). 
However, the complex application of milk 
thistle and fenbendazole on the function 
of the liver and the protective systems of 
the dog’s body is currently insufficiently 
covered in the scientific literature.

That is why the purpose of the study 
was to investigate the effect of fenbenzyl 
and fenbendazole on the antioxidant sta-
tus in dogs during experimental infection 
with the causative agent of toxocariasis.

Materials and methods 
of researches

The work was performed during 2017–
2020 at the Department of Parasitology 
and Ichthyopathology, Stepan Gzhytskyi 
National University of Veterinary Medi-
cine and Biotechnologies Lviv. The exper-
iments were performed on 18 dogs, two 
to four months of age, and three groups of 
six animals were formed in each: control 
and two experimental groups. Puppies of 
all groups were experimentally infected 
with the causative agent of toxocariasis at 
a dose of 5.000 embryonated T. canis eggs 
per kg of body weight. The control group 
of dogs was as untreated control. Puppies 
of the first experimental group were fed 
with the drug fenbendazole drug at a dose 
of 150 mg per 3 kg of body weight once a 
day for three days in a single dose. Puppies 
of the second experimental group were 
fed with the drug Ffenbenzyl drug (TC U 
00492990-027:2020 “The drug Fenben-
zyl”) at a dose of 350 mg per 3 kg of body 
weight once a day for three days.

The drug fFenbenzyl drug was de-
veloped at the Department of Phar-
macology and Toxicology and the 
Department of Parasitology and Ich-
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thyopathology of the Stepan Gzhytskyi 
National University of Veterinary Med-
icine and Biotechnologies Lviv, which 
contains fenbendazole and milk thistle.

The state of the antioxidant defense sys-
tem was assessed by the activity of cata-
lase, superoxide dismutase, and indicators 
of the glutathione system in the blood. The 
activity of superoxide dismutase (SOD, EC 
1.15.1.1) was determined by the method of 
Dubinina et al. (1983), catalase (CAT; EC 
1.11.1.6) – by the method of Korolyuk 
(1988), glutathione peroxidase (GPx) (EC 
1.11.1.9.) and glutathione reductase (GR) 
(EC 1.6.4.2.) – by the method of Lemes-
hko et al. (1985); the content of reduced 
glutathione (RG) – by the method of Butler 
(1963) (Vlizlo et al., 2012).

All animal manipulations were per-
formed in accordance with the European 
Convention for the protection of vertebrate 
animals used for experimental and other 
scientific purposes (Strasbourg, 1986).

The analysis of research results was 
performed using the software package Sta-
tistica 6.0. The probability of differences 
was assessed by Student’s t-test. The re-
sults of the mean values were considered 
statistically significant at * P < 0.05, ** P < 
0.01, *** P < 0.001 (ANOVA).

Results of the research 
and their discussion

It is established that with the devel-
opment of toxocariasis in dogs, the ac-
tivity of the antioxidant defense system 
is suppressed, which is indicated by a 
decrease in the activity of its enzymatic 
and non-enzymatic parts. On the basis 
of the conducted researches it is estab-
lished that during experimental toxoca-
riasis in dogs on days 20 and 25 of the 
experiment, catalase activity in blood of 
animals of the control group decreased 
by 35.3% compared towith the initial 

values. The lowest catalase activity was 
in blood of infected dogs on day 30 of 
the experiment, where it was 0.09 ± 
0.06 mg H2O2, which was 47.1% lower 
than the initial values (Table 1).

It was found that catalase activity in 
animals of the first experimental group 
on the 5th day of the experiment in-
creased to 0.17 ± 0.03 mg of H2O2 when 
fenbendazole was used in infected dogs. 
Subsequently, a decrease in the activity 
of this enzyme to 0.11 ± 0.04 mg of H2O2 
was observed. It should be noted that on 
the 20th and 25th day of the experiment, 
catalase activity in blood of dogs of the 
first experimental group was higher by 
27.3% compared with the control.

When using the drug Ffenbenzyl 
drug in infected dogs, an increase in cat-
alase activity in their blood was found 
throughout the experiment. Thus, on the 
15th and 20th days of the experiment, an 
increase in the activity of this enzyme by 
23.1 and 63.6%, relatively, was found 
compared with dogs of the control group. 
On day 25 of the experiment, a slight de-
crease in catalase activity was observed 
in blood of dogs of the second experi-
mental group compared with the previ-
ous day, but on day 30 of the experiment, 
again a high catalase activity was found 
in blood of dogs treated with fenbenzyl, 
where it increased almost 2 times com-
pared with animals in the control group. 

A decrease in superoxide dismutase 
activity in blood was also found with 
the development of toxocariasis in dogs, 
which at 20 and 25 days of the exper-
iment decreased by 19.9 and 28.2% 
compared with the initial values taken 
before the infection with the causative 
agent of toxocariasis. On day 30 of the 
experiment, the activity of superoxide 
dismutase in blood of dogs of the con-
trol group was the lowest – 10.3 ± 0.64 
IU/mg protein (Table 2).
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The use of drugs fenbendazole and 
fFenbenzyl in dogs of the experimental 
groups contributed to the activation of su-
peroxide dismutase activity in their blood, 
so on the 20th day of the experiment, the 
enzyme activity in dogs of the first exper-
imental group increased by 17.6% and 
in the second experimental group – by 
29.6% compared with the control. The 
highest superoxide dismutase activity was 
in blood of animals of the second exper-
imental group on days 20 and 25 of the 

experiment, where it was 16.2 ± 1.10 and 
16.0 ± 1.56 UI/mg protein, respectively, 
which is 42.9% higher than the values 
in dogs of the control group. On the 30th 
day of the experiment, it was found that in 
blood of dogs of the second experimen-
tal group, the enzyme activity increased 
by 54.4%, while in the first experimental 
group – by 37.9%.

As a result of research, it is estab-
lished that the development of toxocari-
asis in dogs of the control group causes 

1. The effect of fenbenzyl and fenbendazole on catalase activity in blood 
of dogs infected with toxocariasis (M ± m, n = 6)

Blood test time
Catalase activity, mg Н2О2

group of animals 
control experimental 1 experimental 2

Before treatment 0.17 ± 0.05 0.15 ± 0.04 0.16 ± 0.05
Day 5 0.20 ± 0.04 0.17 ± 0.03 0.18 ± 0.05
Day 10 0.14 ± 0.06 0.15 ± 0.03 0.17 ± 0.04
Day 15 0,13 ± 0.05 0.15 ± 0.04 0.16 ± 0.05*
Day 20 0.11 ± 0.03 0.14 ± 0.06* 0.18 ± 0.04**
Day 25 0.11 ± 0.05 0.14 ± 0.03* 0.16 ± 0.02***
Day 30 0.09 ± 0.06 0.11 ± 0.04* 0.18 ± 0.05***

Note: statistically significant differences were considered compared with the control group: 
* P < 0.05; ** P < 0.01; *** P < 0.001.

2. The effect of fenbenzyl and fenbendazole on superoxide dismutase activity 
in blood of dogs infected with the causative agent of toxocariasis (M ± m, n = 6)

Blood test time
Superoxide dismutase, IU/mg protein

group of animals
control experimental 1 experimental 2

Before treatment 15.6 ± 0.70 15.9 ± 0.65 15.7 ± 0.68
Day 5 17.1 ± 0.95 16.5 ± 0.59 16.9 ± 0.87
Day 10 15.2 ± 0.54 15.7 ± 0.60 16.0 ± 0.94
Day 15 14.4 ± 0.82 15.4 ± 0.47 15.9 ± 0,99*
Day 20 12.5 ± 0.86 14.7 ± 0.90* 16.2 ± 1.10**
Day 25 11.2 ± 0.64 14.4 ± 1.05** 16.0 ± 1.56***
Day 30 10.3 ± 0.64 14.2 ± 1.23** 15.9 ± 1.10***

Note: statistically significant differences were considered compared with the control group: 
* P < 0.05; ** P < 0.01; *** P < 0.001
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a decrease in the level of reduced gluta-
thione, one of the main indicators of the 
non-enzymatic part of the glutathione 
system of antioxidant protection. Thus, 
on the 15th and 20th days of the exper-
iment, the level of reduced glutathione 
decreased by 17.4 and 21.7% compared 
with the initial values. On days 25 and 
30 of the experiment in blood of ani-
mals of the control group, the level of 
the studied indicator continued to de-
crease to 0.31 ± 0.04 mmol/L (Table 3).

It should be noted that reduced gluta-
thione is the main antioxidant for red blood 
cells, which plays the role of a coenzyme 
for methemoglobin reduction to function-
ally active hemoglobin. In addition, it in-
volves the detoxification of several toxic 
compounds, as well as hydrogen peroxide 
and lipid hydroperoxides that are formed in 
the reactions of interaction of reactive oxy-
gen species with unsaturated fatty acids of 
red blood cell membranes. Thus, reduced 
glutathione plays an important role in the 
maintaining functional characteristics of 
red blood cell membranes in dogs with the 
development of toxocariasis.

While studying the effect of fenbenda-
zole and fenbenzyl on the level of reduced 

glutathione in blood of dogs infected with 
toxocariasis, it was found that its level in 
blood of the first experimental group on 
day 10 of the experiment was 0.43 ± 0.04, 
and the second experimental group – 0.45 ± 
0.05 mmol/L, whereas in the control group 
this figure was significantly lower – 0.40 
± 0.04 mmol/L. On the 25th and 30th day 
of the experiment, we note an increase in 
the level of reduced glutathione in dogs of 
experimental groups, so in the first experi-
mental group this figure increased by 18.2 
and 29.0%, and in the second – by 42.4 and 
45.2% compared with the control.

An equally important enzyme of the glu-
tathione system of antioxidant protection is 
glutathione peroxidase, which catalyzes the 
reduction of hydrogen peroxide or organic 
hydroperoxides and consequently protects 
cells from the action of reactive oxygen spe-
cies. The results of the studies showed that 
glutathione peroxidase activity decreased 
in blood of animals with the development 
of toxocariasis throughout the experiment. 
The lowest glutathione peroxidase activity 
was in blood of dogs of the control group on 
days 25 and 30 of the experiment, where it 
decreased by 23.9 and 26.7%, respectively, 
compared with baseline values (Table 4).

3. The effect of fenbenzyl and fenbendazole on the level of reduced glutathione 
in blood of dogs infected with toxocariasis (M ± m, n = 6)

Blood test time
Reduced glutathione, mmol/L

group of animals
control experimental 1 experimental 2

Before treatment 0.46 ± 0.03 0.44 ± 0.04 0.47 ± 0.04
Day 5 0.42 ± 0.04 0.45 ± 0.05 0.46 ± 0.03
Day 10 0.40 ± 0.04 0.43 ± 0.04 0.45 ± 0.05
Day 15 0.38 ± 0.02 0.41 ± 0.03 0.45 ± 0.02*
Day 20 0.36 ± 0.03 0.40 ± 0.05* 0.46 ± 0.03**
Day 25 0.33 ± 0.05 0.39 ± 0.04* 0.47 ± 0.02**
Day 30 0.31 ± 0.04 0.40 ± 0.06** 0.45 ± 0.03***

Note: statistically significant differences were considered compared with the control group: 
* P < 0.05; ** P < 0.01; *** P < 0.001.
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During the treatment of animals with 
the development of toxocariasis with drugs 
fenbendazole and Ffenbenzyl, it was found 
that glutathione peroxidase activity on the 
15th day of the experiment increased by 
5.3 and 9.2% compared with the control. 
On the 20th day of the experiment, gluta-
thione peroxidase activity in blood of dogs 
of the first experimental group increased 
by 11.6%, and the second experimental 
group – by 16.4% compared with the con-
trol. On the 25th day of the experiment, the 
enzyme activity in dogs of the experimental 
groups ranged from 16.0 ± 3.62 to 17.7 ± 
2.45 μmol NADPH2h/mg protein, while in 
the control this figure was 13.4 ± 3.55 μmol 
NADPH2h/mg protein. On day 30 of 
the experiment, glutathione peroxidase 
activity was the highest in dogs of the 
second experimental group treated with 
Ffenbenzyl.

In the study of glutathione reductase 
activity, it was found that in dogs of the 
control group, its activity decreased by 
21.1% on the 30th day of the experiment 
compared with the initial values (Table 5).

When using the drug fenbendazole 
in dogs of the first experimental group, 
on the 15th day of the experiment, an in-
crease in glutathione reductase activity 

by 5.5% was found, on the 20th day of 
the experiment – by 9.3%, on the 25th 
day of the experiment – by 16.1% and 
on the 30th day of the experiment – by 
12.4% compared with the control.

When treating dogs of the second exper-
imental group with the drug fFenbenzyl, a 
more likely increase in glutathione reductase 
activity was found in comparison with the 
first experimental group. Thus, on the 10th 
and 15th day of the experiment, the activity 
of the enzyme in blood of dogs of the sec-
ond experimental group increased by 4.0 and 
8.8% in comparison with the control. Sub-
sequently, the glutathione reductase activity 
continued to increase and, accordingly, on 
the 20th day of the experiment was 6.24 ± 
1.17 μmol NADPH2h/mg protein, while in 
the control this figure was 5.47 ± 1.21 μmol 
NADPH2h/mg protein. On days 25 and 
30 of the experiment, the enzyme activity 
was the highest in the second experimental 
group, where it increased by 20.9 and 27.3%, 
respectively, compared with the control.

Thus, the drug Ffenbenzyl after use 
in dogs with the development of experi-
mental toxocariasis activated the antiox-
idant defense system, as indicated by the 
high content of reduced glutathione and 
the activity of enzymes of the antioxidant 

4. The effect of fenbenzyl and fenbendazole on glutathione peroxidase activity 
in blood of dogs infected with the causative agent of toxocariasis (M ± m, n = 6)

Blood test time
Glutathione peroxidase, μmol NADPH2h/mg protein

group of animals
control experimental 1 experimental 2

Before treatment 17.6 ± 2.47 17.8 ± 3.10 18.0 ± 2.85
Day 5 17.9 ± 2.99 18.0 ± 3.15 18.1 ± 2.89
Day 10 16.9 ± 2.85 17.5 ± 3.00 17.8 ± 2.75
Day 15 15.2 ± 3.15 16.0 ± 2.56 16.6 ± 3.05*
Day 20 14.6 ± 3.65 16.3 ± 2.68* 17.0 ± 3.15**
Day 25 13.4 ± 3.55 16.0 ± 3.62* 17.7 ± 2.45***
Day 30 12.9 ± 3.10 16.2 ± 2.85** 18.2 ± 2.59***

Note: statistically significant differences were considered compared with the control group: 
* P < 0.05; ** P < 0.01; *** P < 0.001.
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system: catalase, superoxide dismutase, 
glutathione peroxidase, and glutathione re-
ductase. This may be due to the fact that 
the drug contains milk thistle, which has 
antioxidant properties, as it contains vita-
mins B, A, E, K, precursors of vitamin D, 
carotenoids, macronutrients – Calcium, 
Potassium, Magnesium, Iron and trace ele-
ments – Zinc, Copper, Manganese, Iodine. 

Conclusions and future 
perspectives

The positive effect of the drugs fen-
bendazole and fFenbenzyl on the indi-
cators of the antioxidant defense system 
in blood of dogs experimentally infected 
with the with causative agent of toxoca-
riasis was revealed. It should be noted 
that the use of the drug fFenbenzyl in 
infected dogs contributed to a better 
normalization of the antioxidant system 
than the use of the drug fenbendazole.
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5. The effect of fenbenzyl and fenbendazole on glutathione reductase activity 
in blood of dogs infected with toxocariasis (M ± m, n = 6)

Blood test time (days)
Glutathione reductase, μmol NADPH2h/mg protein

group of animals
control experimental 1 experimental 2

Before treatment 6.37 ± 1.12 6.38 ± 1.08 6.40 ± 1.15
Day 5 6.15 ± 1.20 6.24 ± 1.23 6.30 ± 1.12
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Day 25 5.21 ± 1.30 6.05 ± 1.22* 6.30 ± 0.98**
Day 30 5.02 ± 0.57 5.64 ± 0.98* 6.39 ± 1.10**

Note: statistically significant differences were considered compared with the control group: * 
P < 0.05; ** P < 0.01; *** P < 0.001.
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Анотація. У статті наведенні результати досліджень впливу фенбенсилу та фенбенда-

золу на антиоксидантний статус організму собак за експериментального інвазування збуд-
ником токсокарозу. Досліди проведено на 18 собаках, дво-чотиримісячного віку. Було сформо-
вано три групи із шести тварин у кожній: контрольну та дві дослідні групи. Цуценят усіх груп 
експериментально заражали збудником токсокарозу в дозі 5000 інвазійних яєць T. canis на кг 
маси тіла. Контрольна група собак була в якості нелікованого контролю. Цуценятам першої 
дослідної групи згодовували препарат «Фенбендазол» у дозі 150 мг на 3 кг маси тварини один 
раз на добу впродовж трьох діб в одноразовій. Цуценятам другої дослідної групи згодовували 
препарат «Фенбенсил» у дозі 350 мг на 3 кг маси тварини один раз на добу впродовж трьох 
діб. Під час вивчення активності ензимної ланки системи антиоксидантного захисту, а саме 
каталази, супероксиддисмутази, глутатіонпереоксидази, глутатіонредуктази, а також 
неензимної ланки: рівня відновленого глутатіону, у тварин дослідних груп встановлено під-
вищення активності цих показників. Варто зазначити, що застосування препарату «Фенбен-
сил» інвазованим собакам сприяло кращій нормалізації показників антиоксидантної системи 
у тварин, ніж застосування препарату «Фенбендазол». Застосування інвазованим собакам 
препарату «Фенбенсил» сприяло вірогіднішому підвищенню антиоксидантного статусу ор-
ганізму собак другої дослідної групи, оскільки до цього препарату входить розторопша пля-
миста, яка проявляє антиоксидантні властивості завдяки наявності у своєму складі речовини 
силімарину, який відновлює пошкоджені клітини печінки. Проведені дослідження підтверджу-
ють ефективність застосування розторопші плямистої в складі препарату «Фенбенсил» 
собакам за розвитку токсокарозної інвазії для активізації захисних систем їхнього організму.

Ключові слова: паразитологія, фармакологія, собаки, антиоксидантна система, 
розторопша плямиста
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Abstract. The total tasƟng score of meat (23.83 ± 0.31 points) and broth 
(23.90 ± 0.24 points) from the experimental group of pigs fed with Lg-max feed addiƟve 
at a dose of 2.0 g/day was higher than in the control (22.33 ± 0.38 points) and meat 
taste in this group was significantly higher by 13.95% (P < 0.01) compared with the 
control. In contrast, in the meat of pigs fed with Lg-max feed addiƟve at a dose of 
4.0 g/day, the indicator of appearance, smell and taste was significantly lower by 
17.39% (P < 0.01), 23.40 (P < 0.01) and 13.9% (P < 0.05), respecƟvely, compared with 
the control. The appearance of meat from pigs fed Lg-max 2.0 g/day with Sel-Plex was 
significantly lower by 10.87% (P < 0.05) compared to the control.

According to the indicators of the tasƟng evaluaƟon of the broth from the meat of pigs 
in the experimental groups, no staƟsƟcally significant difference was found with those in the 

UDC 637.5.05:636.4.087.7  hƩps://doi.org/10.31548/ujvs2021.02.002
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control, which may indicate a posiƟve effect of the studied feed addiƟves on the organolepƟc 
characterisƟcs of pork. However, the odor of the broth (in the meat of pigs fed with Lg-max 
feed addiƟve at a dose of 4.0 g/day) was significantly lower by 20.8% (P < 0.01), and the taste 
(meat from pigs fed with Lg-max feed addiƟve at a dose of 2.0 g/day together with Sel-Plex) – 
by 21.74% (P < 0.05) compared with the control.

According to microscopic and biochemical parameters, pork from pigs of 
experimental and control groups met the requirements of current regulaƟons for fresh 
meat obtained from healthy animals.

Keywords:  pork, microscopic and biochemical parameters, tasƟng, Lg-max and Sel-
Plex feed addiƟves

Introduction

Clarification of problematic issues in 
modern pig farming is necessary to estab-
lish the compliance of keeping technologies 
with the biological characteristics of animals 
and the quality of food products. In addition, 
the obtained food products must meet the 
strict requirements of European legislation, 
and therefore it is necessary to study the 
quality of meat and fat products, which are 
produced by traditional technologies by do-
mestic producers (Remizova, 2016).

Ensuring quality control of meat is pos-
sible through an integrated approach to this 
problem solving, with a comprehensive 
study that should be aimed at identifying 
organoleptic and physicochemical param-
eters in the food product. All indicators are 
defined by normative documents focused 
on international and European standards 
(Havrylenko et al., 2017).

Analysis of recent researches 
and publications

Pork quality is assessed by the fol-
lowing indicators: appearance, color, pH, 
water-holding capacity, tasting parame-
ters (Boles et al., 1998). These indicators 
depend on various factors: breed, feeding 
ration, which in turn affected the chemical 
composition of pork, microscopic, bio-

chemical parameters, and sensory evalua-
tion (Moeller et al., 2010; Hoa et al., 2019).

At the same time, the feeding ration is 
one of the main factors influencing the qual-
ity of pork. In recent years, various feed ad-
ditives have been used in pork production 
(Han et al., 2000; Chae et al., 2002).

Currently, the main purpose of the use 
of various feed additives is to obtain maxi-
mum productivity, increase feed efficiency 
and ensure a high level of balanced feeding 
and improve food consumption. According 
to the analysis of the scientific literature, it 
follows that modern producers use different 
types of feed additives in pig feeding. Many 
of them are produced in the USA, England, 
France, and other countries and they belong 
to flavoring and aromatic substances, en-
zyme preparations, probiotics, etc.

One of the most important parame-
ters of the nutritional value of feed is its 
energy level, which should not only pro-
vide physiological processes to maintain 
the body’s vital functions, but also animal 
growth and development. It is known that 
the main energy sources are starch from 
cereals and fats from oilseeds. The choice 
of fat source for pigs is determined by the 
price of this raw material and in most cas-
es very rarely pays attention to the compo-
sition of the fat source, namely, which fat-
ty acids make up the oil or fat used in the 
diet. After all, fat is primarily perceived as 
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a source of energy (Schönfeld et al., 2016; 
Zheng et al., 2021).

At the same time, preference is given to 
natural feed additives, in particular, research 
conducted over the past 5–10 years to ad-
dress the issue of the optimal ratio of ome-
ga-6 to omega-3 polyunsaturated fatty acids, 
which is important for maintaining homeo-
stasis of biological processes and metab-
olism in animals and humans and affects 
meat quality. Research results are in improv-
ing meat chemical composition, extension 
its storage time, and reducing the ratio of 
omega-3 to omega-6 polyunsaturated fatty 
acids. It is known that the optimal ratio of 
Omega-3 to Omega-6 polyunsaturated fat-
ty acids from various sources is from 1:2 to 
1:4. While in the diet of most modern people 
this ratio is about 1:20 to 1:30 (Jaturasitha et 
al., 2001; Yefremov et al., 2012).

Among the essential polyunsaturated 
fatty acids, in particular, the family of Ome-
ga-6 or Omega-3, have the ability to coun-
teract cardiovascular, neurodegenerative 
diseases, and metabolic disorders, contrib-
ute to reducing blood cholesterol. Omega-3 
polyunsaturated fatty acid derivatives can 
act as signaling molecules by modulating the 
anti-inflammatory response and controlling 
cellular processes involved in programmed 
cell death (apoptosis), lymphocyte prolif-
eration, inhibition of inflammatory cyto-
kines, and phagocytosis. Because omega-6 
polyunsaturated fatty acids are involved in 
the regulation of eicosanoid synthesis, they 
control the activity of the immune system 
(Gjerlaug-Enger et al., 2015; Shvediuk et 
al., 2017; Midyk et al., 2018).

In this scientific study, Lg-max and Sel-
Plex feed additives were used in the feeding 
of young pigs. The Lg-max feed additive 
contains algae Schizochytrium limacinum 
and Rosmarinus officinalis rosemary extract 
and is a source for replenishment of animal 
omega-3 polyunsaturated fatty acids, name-
ly docosahexaenoic acid, currently used for 

dogs and cats. Therefore, for the first time, 
our research proved the need to use Lg-max 
feed additive in different amounts in the 
main diet of fattening pigs.

In addition, the Sel-Plex feed additive, 
as a source for organic form of selenium, 
is widely used in pig feeding but mostly to 
improve reproductive quality. The organic 
form of selenium in comparison with inor-
ganic (sodium selenite) has several signif-
icant advantages. Sel-Plex contains 1000 
mg/kg of selenium, more than 98% of 
which is represented by selenomethionine 
and selenocysteine, which are biological-
ly active forms of this trace element found 
in nature (wheat, soybeans, etc.). It has a 
higher availability, especially under stress, 
and is not an oxidant, unlike selenite.

Purpose – to determine the sensory, 
microscopic and tasting parameters of 
pork after adding Lg-max and Sel-Plex 
feed additives to the pig diet.

Materials and methods 
of research

The material for the study was young 
pigs of meat and fat breed (Landrace × 
Large White) and muscle tissue samples 
from the longest back muscle (m. longis-
simus dorsi) in pigs, taken at the level of 
10–12 thoracic vertebrae at slaughter at 
the end of the experimental period.

The experimental groups were 
formed from young castrated male pigs.

To conduct the experiment, after a 15-
day equalization period, 4 groups of ana-
logs by origin, age, and live weight were 
formed (5 animals in the control and exper-
imental groups). There were 5 pigs in the 
pen (Table 1). The following periods of pig 
breeding are used in the experimental farm: 
suckling period – 28 days; growing period 
– 30–90 days; fattening – 90–180 days.

Feed additives for animals of the ex-
perimental group were administered as 
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part of a premix to feed, taking into ac-
count the needs of animals in Omega-3 
polyunsaturated fatty acids (daily require-
ment is 672 mg). Experimental feed addi-
tive contains 353 mg of Omega per 1 g.

During the entire study period, the 
animals were fed twice a day with dry 
combined fodder and water ad libitum. 
Feed was weighed at each feeding of the 
pigs, and their actual consumption was 
taken into account on a daily basis.

The sensory evaluation of pork was 
performed according to the following in-
dicators: color, flavor, texture, condition 
of tendons and fat (DSTU 4823.2:2007).

The pH value of meat was determined 
by the potentiometric method using a pH 
meter-150 according to (DSTU ISO 2917-
2001) 24 hours after the slaughter of animals.

The content of amino-ammonia ni-
trogen in mg per 10 cm3 of meat-water 
extract in pork was determined accord-
ing to Sofronov. The content of primary 
degradation products of proteins in the 
broth was determined by the reaction 
with copper sulfate in the broth and the 
determination of volatile fatty acids by 
(GOST 23392-2016).

Results of the research 
and their discussion

Evaluation of pork quality began af-
ter slaughter by sensory evaluation of 

pig carcasses. The pigs were Landrace 
× Large White (meat and fat). Thus, the 
sensory evaluation confirmed the fresh 
degree of meat and that it was obtained 
from healthy animals, namely: the smell 
on the surface of the carcasses was 
pleasant, specific, the color of the meat 
was pale pink, the carcasses were well 
bled. The cut of the meat was dense, 
elastic; the hole formed when pressed 
with a spatula was quickly leveled. The 
muscles were slightly moist, leaving no 
wet spots on the filter paper. The fat was 
white, the texture was soft and elastic. 
The tendons were elastic, dense, the sur-
face of the joints smooth.

Post-mortem inspection and trichi-
noscopy of the meat confirmed that the 
carcasses of pigs were obtained from 
healthy animals.

Subsequently, in order to confirm 
compliance with the requirements for 
pre-slaughter aging, the slaughter of an-
imals and the fact that the meat is fresh 
and obtained from healthy pigs, labora-
tory studies were performed: microscopy 
of pork smears to determine the number 
of microbial cells in the field of view of 
the microscope ulcer tissue; reaction with 
copper sulfate in the broth, the essence of 
which is the precipitation of proteins by 
heating, the formation in the filtrate of 
complexes of copper sulfate with the prod-
ucts of primary decomposition of proteins 

1. Scheme of scientific experiment

Group of animals Number 
of animals

Experimental period
equalizing growing fattening

Control 5

Main diet 
(MD)

MD MD

1st experimental (E1) 5 MD + 2.0 g 
Lg-max

MD + 2.0 g 
Lg-max

2nd experimental (E2) 5 MD + 4.0 g 
Lg-max

MD + 4.0 g 
Lg-max

3rd experimental (E3) 5
MD + 2.0 g 

Lg-max and Sel-
Plex (0.5 mg/kg).

MD + 2.0 g
 Lg-max and Sel-
Plex (0.5 mg/kg).



Якість м’яса за застосування в годівлі молодняку свиней натуральних кормових добавок

Vol. 12, № 2, 2021 ISSN 2663-967X | 19Український часопис ветеринарних наук

that precipitate; the content of volatile 
fatty acids by a method based on the iso-
lation of volatile fatty acids that may ac-
cumulate in the meat of sick animals, and 
determining their amount by titration with 
a solution of sodium hydroxide obtained 
distillate; amino-ammonia nitrogen con-
tent, which is the most characteristic and 
constant sign of spoilage of meat and the 
presence of possible diseases of pigs.

According to the research results 
presented in Table 2, it follows that all 
these indicators correspond to the reg-
ulatory documents. For some of the in-
dicators obtained, a statistically signifi-
cant difference is observed.

Microscopy of smears-imprints 
obtained from meat should not reveal 
microbial cells or there are up to 10 of 
them in the field of view of the micro-
scope; by reaction with copper sulfate, 
the broth should be clear; content of 
volatile fatty acids – up to 4.0 mg KOH; 
amino-ammonia nitrogen content – up 
to 1.26 mg; The pH of fresh meat and 
that obtained from healthy animals 
should be in the range of 5.6 to 6.2; re-
action to peroxidase – positive.

According to the results of 
Kravchuk’s research, the reaction with 

copper sulfate should be used as an ad-
ditional method in the comprehensive 
assessment of meat quality, and the de-
termination of volatile fatty acids – as 
arbitration, together with bacterioscopy 
of smears (Kravchuk, 2009).

Thus, microscopy of the smears did 
not show any traces of muscle tissue 
breakdown, the smears stained poorly. 
However, the number of microbial cells 
in the field of view of the microscope 
in E2 and E3 groups was significantly 
higher by 83.3 (P < 0.01) and 80.4% 
(P < 0.05), respectively, compared with 
the control. In the E1 group,  a tendency 
to increase the number of microbial cells 
in the field of view of the microscope was 
found compared with the control. Thus, 
the pork samples from pigs in the ex-
perimental groups corresponded to fresh 
meat obtained from healthy animals. Al-
though, in E2 and E3 groups, there was 
a significant increase in microbial cells 
compared to the control.

Table 2 shows that the content of 
volatile fatty acids in pork from pigs of 
the E2 and E3 groups significantly in-
creased by 23.2 (P < 0.05) and 16.8% 
(P < 0.01), respectively, compared with 
the control. In E1 group found a tendency 

2. Microscopic and biochemical parameters of pork (М ± m, n = 5)

Indicator Control
Experimental group

E1 E2 E3

Smear microscopy, the 
number of microbial cells 2.40 ± 0.51 2.60 ± 0.40 4.40 ± 0.51** 4.33 ± 0.42*

The content of volatile fatty 
acids, mg KOH 1.25 ± 0.01 1.31 ± 0.03 1.54 ± 0.11* 1.46 ± 0.05**

The content of amino-
ammonia nitrogen, mg 0.80 ± 0.07 0.89 ± 0.06 1.00 ± 0.04* 0.90 ± 0.06

PH value 5.76 ± 0.07 5.78 ± 0.08 5.94 ± 0.04 5.80 ± 0.05

Reaction with copper sulfate the broth is 
transparent

the broth is 
transparent

the broth is 
transparent

the broth is 
transparent

Reaction to peroxidase positive (+) positive (+) positive (+) positive (+)

Note: * P < 0.05; ** P < 0.01; *** P < 0.001 compared with the control of the corresponding age.
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to increase the number of microbial cells 
in the field of view of the microscope 
compared with the control. A slight in-
crease in volatile fatty acids in the meat 
from pigs of the E2 and E3 may be due to 
an increase in microbial contamination 
of the carcasses, as well as an increase in 
the amount of subcutaneous fat.

It is known that volatile fatty acids 
can be formed from both lactic acid 
and amino acids by deamination. In ad-
dition, volatile fatty acids are formed 
during the breakdown of lipoids. Re-
searchers have studied the role of vola-
tile fatty acids in various physiological 
and pathophysiological conditions but 
some of them indicate the possibility of 
using volatile fatty acids as biochemical 
markers for diagnosing several diseases 
(Nezghoda et al., 2019).

One of the chemical reactions that 
indicates the formation of amino com-
pounds and ammonia bases is a deter-
mination of amino-ammonia nitrogen 
content in pork. Thus, in the E2 group, the 
content of amino-ammonia nitrogen was 
significantly higher by 25.0% (P < 0.05) 
compared with the control. In the E1 and 
E3 groups, a tendency to increase volatile 
fatty acids was found compared with the 
control. It can be assumed that the amount 
of amino-ammonia nitrogen in pork from 
pigs of the experimental group that re-
ceived 4.0 g/day of Lg-max feed additive 
is related to the content of volatile fatty 
acids and the number of microbial cells.

One of the most important factors 
characterizing the quality of pork is 
acidity (pH). Because the concentration 
of hydrogen ions in meat depends on 
the content of glycogen and lactic acid 
in the muscles at the time of slaughter 
and, as a consequence, is a derivative 
of the physiological state in animals 
before slaughter, and reflects the course 
of postmortem processes in the carcass. 

Closely related to this indicator are col-
or, water-holding capacity, tenderness, 
and other meat quality indicators. Due 
to the processes of post-mortem gly-
colysis, the pH shifts to the acidic side 
until a final value specific to each type 
of meat. In pork, the final pH value is 
reached after 24 hours and is from 5.6 
to 6.4 under normal conditions. The 
pH value is influenced by stressful sit-
uations that occur in animals before 
slaughter (predominance, transporta-
tion, physical, mental stress, high tem-
peratures, etc.). All these factors cause 
stress in animals that induces increased 
adrenaline secretion and promotes the 
breakdown of glycogen in the liver 
(Teuteberg et al., 2021).

In addition, Kasyanchuk & Bogatko 
(2017) noted that meat obtained from 
animals with dystrophic changes in the 
liver or kidneys has higher pH (6.2 ± 
0.1) than meat obtained from healthy 
animals (5.6–5.7). At pH values up to 
5.4 and below, conditions are created 
for the survival and reproduction of 
gram-negative bacteria, most strains of 
yeast and fungi (Bohatko, 2017).

According to the reaction on deter-
mination the acidity of pork in the con-
trol and experimental groups, the pH 
value ranged from 5.76 to 5.80, which is 
within the normal range for fresh meat, 
matured (after slaughter 24 hours) and 
obtained from healthy animals.

In reaction with copper sulfate, the 
obtained broth was transparent, indi-
cating that when the minced meat was 
heated in a boiling water bath, no prima-
ry breakdown products of meat proteins 
(peptones, polypeptides) were formed.

The reaction on the presence of per-
oxidase (an enzyme of protein nature) 
was positive, which indicates a suffi-
ciently high activity of this enzyme. 
Confirmation of a positive reaction is 
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the appearance of blue-green color, 
which turns brown. This indicates that 
the peroxidase decomposes oxygen 
peroxide with the release of oxygen, 
which oxidizes benzidine. This produc-
es para-quinone diamide, which with 
underoxidized benzidine gives a blue-
green compound that turns brown.

Thus, the qualitative reactions can be 
used to state that pig slaughtering tech-
nology is followed, as well as that the 
meat is obtained from healthy animals.

At the same time, we conducted a 
tasting evaluation of meat, which is an 
important indicator of its quality. In sev-
eral scientific studies, meat tasting is used 
to possibly identify differences between 
species, lines and crosses, particularly 
in poultry (Kucheruk, 2018) and in pigs 
(Birta et al., 2010; Novgorodskaya, 2014).

Researchers point to differences in 
the sensory and tasting characteristics of 
pig meat after slaughter, which depend 
on different stress sensitivities. Meat 
obtained from stress-sensitive pigs has 
low consumer properties and autolyt-
ic processes are slower (Lykhach et al., 
2016). In addition, the smallest share of 
stress-sensitive animals was in the group 
of landrace animals (Vashchenko, 2017).

Tasting evaluation of meat (from the 
longest back muscle) in pigs, as well as 

meat broth, was performed by a 5-point 
scale. The meat samples taken for tasting 
had the same size and temperature accord-
ing to the current regulations (Table 3).

According to the results shown in 
Table 3, it follows that the appearance 
of pig meat from the E2 group was sig-
nificantly lower by 17.39% (P < 0.01), 
and E3 – by 10.87% (P < 0.05), com-
pared with the indicator in the control.

At the same time, in the E2 group, 
the flavor and taste indicators were sig-
nificantly lower by 23.4 (P < 0.01) and 
13.9% (P < 0.05), respectively, com-
pared to the control.

However, the meat taste index in the E1 
group was significantly higher by 13.95% 
(P < 0.01) compared to the control. How-
ever, for the rest of the tasting indicators 
of pork (in E1 group), there is a tendency 
to increase compared to the control.

Table 4 presents the results of the 
tasting evaluation of the broth. Thus, 
the flavor of broth in the E2 group was 
significantly lower by 20.8% (P < 0.01), 
and the taste in the E3 group – by 21.74% 
(P < 0.05) compared with the control.

However, most of the parameters by 
the tasting evaluation of the broth from 
the meat of the experimental pigs did not 
have a statistically significant difference 
with the control, which may indicate a 

3. Tasting evaluation of pork (cooking test), points (M ± m; n = 5)

Indicator Control
Experimental group

E1 E2 E3

Appearance 4.60 ± 0.19 4.40 ± 0.24 3.80 ± 0.12** 4.10 ± 0.10*
Color 4.30 ± 0.20 4.50 ± 0.22 4.30 ± 0.12 4.80 ± 0.12
Flavor 4.70 ± 0.20 4.80 ± 0.13 3.60 ± 0.10** 4.30 ± 0.20
Taste 4.30 ± 0.12 4.90 ± 0.10** 3.70 ± 0.20* 4.50 ± 0.16
Consistence 4.60 ± 0.19 4.80 ± 0.20 4.70 ± 0.20 4.20 ± 0.12
Succulence 4.30 ± 0.25 4.70 ± 0.20 4.90 ± 0.10 4.20 ± 0.12
Total score 22.33 ± 0.38 23.83 ± 0.31 20.83 ± 1.12 21.75 ± 0.53

Note: * P < 0.05; ** P < 0.01; *** P < 0.001 compared with the control of the corresponding age.
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positive effect of the studied feed additives 
on the sensory characteristics of pork.

No statistically significant difference 
was found between the indicators of the 
total score, but in the E1 group this in-
dicator was slightly higher than in the 
other experimental groups.

Therefore, according to the results of 
the tasting analysis, it can be stated that 
the tasting values of meat and broth from 
pigs in the E1 group were higher com-
pared to control samples, apparently due 
to increased content of extractives and 
free amino acids in it under the influ-
ence of feed additives in different doses 
on nitrogen and lipid metabolism in the 
body of pigs.

Thus, according to the tasting evalu-
ation of pork and broth, the best quality 
meat is obtained from pigs fed Lg-max 
at a dose of 2.0 g/day.

Conclusions and future 
perspectives

The total tasting score of meat (23.83 
± 0.31 points) and broth (23.90 ± 0.24 
points) from pigs of the experimental 
group fed with Lg-max feed additive at 
a dose of 2.0g/day was higher than in 
the control (22.33 ± 0.38 points) and the 
meat taste in this group was significantly 

higher by 13.95% (P <0.01) compared 
with the control. In contrast, in the meat 
of pigs fed with Lg-max feed additive 
at a dose of 4.0 g/day, the indicator of 
appearance, smell and taste was signifi-
cantly lower by 17.39% (P < 0.01), by 
23.40 (P < 0.01) and 13.9% (P < 0.05), 
respectively, compared with the control. 
The appearance of meat from pigs fed 
with Lg-max 2.0 g/day with Sel-Plex 
was significantly lower by 10.87% (P < 
0.05) compared to the control.

According to the indicators of the tast-
ing evaluation of the broth from the meat 
of pigs in the experimental groups no sta-
tistically significant difference was found 
with those in the control, which may in-
dicate a positive effect of the studied feed 
additives on the organoleptic character-
istics of pork. However, the favor of the 
broth (in the meat of pigs fed with Lg-max 
feed additive at a dose of 4.0 g/day) was 
significantly lower by 20.8% (P < 0.01), 
and the taste (meat from pigs fed with Lg-
max feed additive at a dose of 2.0 g/day 
together with Sel-Plex) – by 21.74% (P < 
0.05) compared with the control.

According to microscopic and bio-
chemical parameters, pork from pigs in 
the experimental and control groups met 
the requirements of current regulations for 
fresh meat obtained from healthy animals.

4. Tasting evaluation of pork broth, points (M ± m; n = 5)

Indicators Control
Experimental group

E1 E2 E3

Appearance 4.20 ± 0.24 4.60 ± 0.24 4.80 ± 0.20 4.20 ±0.37
Flavor 4.80 ± 0.20 4.80 ± 0.20 3.80 ± 0.21** 4.00 ± 0.32
Taste 4.60 ± 0.24 4.90 ± 0.10 4.60 ± 0.25 3.60 ± 0.24*
Transparency 4.20 ± 0.37 4.80 ± 0.20 4.80 ± 0.20 4.40 ± 0.24
Richness 4.80 ± 0.20 4.80 ± 0.12 4.20 ± 0.37 4.60 ± 0.24
Total score 22.60 ± 0.87 23.90 ± 0.24 21.40 ± 1.12 20.80 ± 0.86

Note: * P < 0.05; ** P < 0.01; *** P < 0.001 compared with the control of the corresponding age.
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Further research concerns the histo-
logical examination of the liver in young 
pigs after the use of different amounts of 
feed additives.

References
Bohatko, N. M. (2006). Veterynarno-sanitarna 

otsinka yakosƟ yalovychyny NOR, PSE, DFD 
ta udoskonalennia metodiv vyznachennia 
yii svizhosƟ [Veterinary assessment of beef 
quality NOR, PSE, DFD and improvement 
of methods for determining its freshness]. 
Bila Tserkva. Boles, J. A., Mikkelsen, V. L., & 
Swan, J. E. (1998). Effects of chopping Ɵme, 
meat source and storage temperature on 
the colour of New Zealand type fresh beef 
sausages. Meat science, 49(1), 79-88. doi: 
10.1016/s0309-1740(97)00112-5.

Birta, H. O., & Burhu, Yu. H. (2010). Smakovi vlas-
tyvosƟ miasa svynei [Flavoring properƟes of 
pork]. Visnyk Poltavskoi derzhavnoi ahroranoi 
akademii, 3, 90-92. Retrieved from hƩp://
nbuv.gov.ua/UJRN/nvpueƩn_2018_1_16.

Chae, B. J., & Lee, S. K. (2002). Rancid rice bran 
affects growth performance and pork qual-
ity in finishing pigs. Asian Australasian Jour-
nal of Animal Sciences, 15(1), 94-101. doi: 
10.5713/ajas.2002.94 DSTU 4823.2:2007. 
(2007). Miaso. Metody vidboru prob zraz-
kiv ta orhanoleptychni metody kontroliu-
vannia svizhosƟ [Meat. Methods for the 
collecƟon of samples of intelligence and 
organolepƟc methods for the control of 
blood pressure]. Kyiv: DP “UkrNDNTs”.

DSTU ISO 2917–2001. (2002). Miaso ta mias-
ni produkty. Vyznachennia pH (kontrolnyi 
metod) [PH value (control method)]. Kyiv: 
DP “UkrNDNTs”. 

GOST 23392-2016. (2017). Myaso. Metody hi-
micheskogo i mikroskopicheskogo analiza 
svezhesƟ myasa [Meat. Methods for chem-
ical and microscopic analysis of meat fresh-
ness]. Moskow: StandarƟnform.

Vashchenko, O. V. (2017). Stresochutlyvist molod-
niaku svynei za riznykh varianƟv poiednan 

henotypiv zarubizhnoho pokhodzhennia ta 
vitchyznianoi selektsii [Stress sensiƟvity of 
young pigs in different variants of combina-
Ɵons of genotypes of foreign origin and do-
mesƟc selecƟon]. Molodyi vchenyi, 10(50), 
85-89. Retrieved from hƩp://molodyvcheny.
in.ua/files/journal/2017/10/20.pdf. 

Havrylenko, O. S., Khomitska, O. A., & Zahorul-
ko, O. V. (2017). Ekspertni doslidzhennia mia-
sa ta miasnykh produkƟv [Expert research of 
meat and meat products]. Visnyk Poltavskoi 
derzhavnoi ahrarnoi akademii, 1-2, 74-77. 
doi: 10.31210/visnyk2017.1-2.14.

Yefremov, D. V., & Horb, S. V. (2012). Bilkovo-vi-
taminno-mineralni dobavky na osnovi mist-
sevoi kormovoi syrovyny pivdnia Ukrainy 
dlia porosiat na doroshchuvanni [Pro-
tein-vitamin mineral supplements based 
on local feed raw materials of the south of 
Ukraine for piglets on rearing]. Naukovyi 
visnyk “Askaniia-Nova”, 5(2), 230-236. Re-
trieved from hƩp://nbuv.gov.ua/UJRN/
nvan_2012_5%282%29__33/

Zheng, Ch., Song, B., Guo, Q., Zheng, J., Li, F., 
Duan,Y., & Peng, C. (2021). AlteraƟons of 
the Muscular FaƩy Acid ComposiƟon and 
Serum Metabolome in Bama Xiang Mini-
Pigs Exposed to Dietary Beta-Hydroxy Be-
ta-Methyl Butyrate. Animals, 11(5), 1190. 
doi: 10.3390/ani11051190.

Gjerlaug Enger, E., Haug, A., Gaarder, M., Ljøk-
jel, K., Stenseth, R. S., Sigfridson, K., … & 
Berg, P. (2015). Pig feeds rich in rapeseed 
products and organic selenium increased 
omega-3 faƩy acids and selenium in pork 
meat and backfat. Food Science and Nutri-
Ɵon, 3(2), 120-128. doi: 10.1002/fsn3.182.

Han, S. K., & Yamauchi, K. (2000). The effects of 
nitrite treatment on the lipid composiƟon, 
faƩy acid composiƟon, and suscepƟbility 
to oxidaƟon of pork biceps femoris mus-
cle. Asian Australasian Journal of Animal 
Sciences, 13(12), 1764-1769. doi: 10.5713/
ajas.2000.1764.

Hoa, V. B., Seong, P. N., Cho, S. H., Kang, S. M., 
Kim, Y. S., Moon, S. S., … & Seol K. H. (2019). 



С. А. Ткачук, І. В. Яценко, Л. В. Ткачик, Л. Б. Савчук

24 | ISSN 2663-967X Vol. 12, № 2, 2021Ukrainian Journal of Veterinary Sciences

Quality characterisƟcs and flavor com-
pounds of pork meat as a funcƟon of carcass 
quality gradeAsian-Australas Journal Animal 
Science, 32(9), 1448-1457. doi: 10.5713/
ajas.18.0965.

Jaturasitha, S., Wudthithumkanaporn, Y., Rurk-
sasen, P., & Kreuzer, M. (2001). Enrichment 
of pork with Omega-3 faƩy acids by tuna oil 
supplements: effects on performance as well 
as sensory, nutriƟonal and processing prop-
erƟes of pork. Journal Asian Science, 15(11), 
1622-1633. doi: 10.5713/ajas.2002.1622.

Kucheruk, M. D. (2018). Yakist i bezpechnist or-
hanichnoi kuriatyny [Quality and safety of 
organic chicken]. Bioresursy i pryrodokorys-
tuvannia, 10(3-4), 211-220. doi: 10.31548/
bio2018.03.027.

Kravchuk, V. V. (2009). Kryterii otsinky yakosƟ mia-
sa [Measurement criteria for meat quality]. 
Kyiv. Lykhach, V. Ya., Lykhach, A. V., & Kish, S. V. 
(2016). Biokhimichni protsesy u miasi svynei 
riznoi stresochutlyvosƟ ta umov vyroshchu-
vannia [Biochemical processes in pig meat 
of different stress and rearing condiƟons]. 
Visnyk ahrarnoi nauky Prychornomoria, 2 
(90(2)), 4-15. Retrieved from hƩp://nbuv.gov.
ua/UJRN/vanp_2016_2%282%29__4.

Midyk, S. V., Ushkalov, V. O., Danchuk, V. V., 
SysoliaƟn, S. V., & Nikitova A. P. (2018). 
Zhyrnokyslotnyi sklad sosysok torhivelnoi 
merezhi m. Kyiv [FaƩy acid composiƟon of 
sausages of the trade network of Kyiv]. Vet-
erynarna biotekhnolohiia, 32(2), 373-382. 
doi: 10.31073/vet_biotech32(2)-46.

Ministry of Agricultural Policy of Ukraine. 
State Department of Veterinary Medicine. 
(2002). Pravyla peredzabiinoho veterynar-
noho ohliadu tvaryn i veterynarno-sani-
tarnoi ekspertyzy miasa ta miasnykh pro-
dukƟv [Rules of ante-mortem veterinary 
inspecƟon of animals and veterinary-sani-
tary examinaƟon of meat and meat prod-
ucts]. Retrieved from hƩps://zakon.rada.
gov.ua/laws/show/z0524-02#Text.

Moeller, S. J., Miller, R. K., & Edwards, K. K. 
(2010). Consumer percepƟons of pork eat-

ing quality as affected by pork quality aƩri-
butes and end-point cooked temperature. 
Meat Science, 84, 14-22. doi: 10.1016/j.
meatsci.2009.06.023. 

Nezghoda, I. I., Naumenko, O. M., & Nikulchen-
ko, O. V. (2019). Letki zhyrni kysloty yak 
metabolichni markery porushennia mikro-
biotsenozu kyshechnyku pry rotavirusnii 
infektsii u ditei [VolaƟle faƩy acids as meta-
bolic markers of intesƟnal microbiocenosis 
in rotavirus infecƟon in children]. Infektsiini 
khvoroby, 3, 24-32. doi: 10.11603/1681-
2727.2019.3.10632.

Novhorodska, N. V. (2014). Otsinka yako-
sƟ svynyny [EvaluaƟon of pork quality]. 
Naukovyi visnyk Lvivskoho natsionalnoho 
universytetu veterynarnoi medytsyny ta 
biotekhnolohii im. Gzhytskoho, 16(2(3)), 
305-309.  Retrieved from hƩp://nbuv.gov.
ua/UJRN/nvlnu2014162%283%2948.

Pro osnovni pryntsypy ta vymohy do bezpech-
nosƟ ta yakosƟ kharchovykh produkƟv [On 
the basic principles and requirements for 
food safety and quality]: Zakon Ukrainy № 
1602-VII. (2014) 

Remizova, O. (2016). Vady miasa svynyny za 
dii pryzhyƫevoho tekhnolohichnoho tem-
peraturnoho stresu [Defects of pork meat 
under the influence of lifelong technolog-
ical temperature stress]. Naukovi dopovidi 
NUBiP Ukrainy, 4(61). doi: 10.31548/dopo-
vidi2016.04.020.

Schönfeld, P., & Wojtczak, L. (2016). Short and 
medium-chain faƩy acids in energy metab-
olism: the cellular perspecƟve. Journal Lip-
id Research, 57(6), 943-954. doi: 10.1194/
jlr.R067629.

Teuteberg,V., Kluth, I.-K., Ploetz, M., & Krischek, C. 
(2021). Effects of duraƟon and temperature 
of frozen storage on the quality and food safe-
ty characterisƟcs of pork aŌer thawing and 
aŌer storage under modified atmosphere. 
Meat Science, 174, 108-132. doi: 10.1016/j.
meatsci.2020.108419

Tkachyk, L. V., & Tkachuk, S. A. (2015). Aktual-
nist zastosuvannia kormovykh dobavok na 



Якість м’яса за застосування в годівлі молодняку свиней натуральних кормових добавок

Vol. 12, № 2, 2021 ISSN 2663-967X | 25Український часопис ветеринарних наук

osnovi Omeha-3 zhyrnykh kyslot u ratsion-
akh hodivli svynei [The relevance of the use 
of feed addiƟves based on Omega-3 faƩy 
acids in the diets of pigs]. Naukovyi visnyk 
Natsionalnoho universytetu bioresursiv i 
pryrodokorystuvannia Ukrainy, 221, 139-
145. Retrieved from hƩp://nbuv.gov.ua/
UJRN/nvnau_vet_2015_221_29.

Tofan, N. I. (2015). Dynamika pryrosƟv zhyvoi 
masy svynei ta konversiia kormu za zghod-
ovuvannia aminokyslotnoi kormovoi do-
bavky [Dynamics of live weight gain of 
pigs and feed conversion by feeding ami-

no acid feed addiƟves]. Visnyk ahrarnoi 
nauky Prychornomoria, 2(2), 205-210. 
Retrieved from hƩp://nbuv.gov.ua/UJRN/
vanp_2015_2%282%29__35.

Shvediuk, D. A., Pasichnyi, V. M., & Radziiev-
ska, I. H. (2017). Vplyv modyfikovanykh 
zhyriv na pokaznyky biolohichnoi efektyvno-
sƟ napivfabrykaƟv z miasa ptytsi [Infusion of 
modified fats on indicators of biological effi-
ciency of food from poultry meat]. Ahrarna 
nauka ta kharchovi tekhnolohii, 3(97), 249-
250. Retrieved from hƩp://dspace.nuŌ.edu.
ua/jspui/handle/123456789/26988.

С. А. Ткачук, З. Собек, І. В. Яценко, Л. В. Ткачик, Л. Б. Савчук (2021). ЯКІСТЬ 
М’ЯСА ЗА ЗАСТОСУВАННЯ У ГОДІВЛІ МОЛОДНЯКУ СВИНЕЙ НАТУРАЛЬНИХ 
КОРМОВИХ ДОБАВОК. Ukrainian Journal of Veterinary Sciences, 12(2): 15–25,  
hƩps://doi.org/10.31548/ujvs2021.02.002
Анотація. Загальна дегустаційна оцінка м’яса (23,83 ± 0,31 балів) і бульйону 

(23,90 ± 0,24 балів) від свиней дослідної групи, яким згодовували кормову добавку Lg-max 
2,0 г/добу, була вище, ніж у контролі (22,33±0,38 балів) і показник смаку м’яса цієї групи був 
достовірно більшим на 13,95% (Р<0,01), порівнюючи з показником у контролі. Натомість, 
у м’ясі свиней, яким згодовували кормову добавку Lg-max 4,0 г/добу, показник зовнішнього 
вигляду, запаху та смаку був достовірно меншим відповідно на 17,39% (Р < 0,01), 23,40% 
(Р < 0,01) і 13,9% (Р < 0,05), порівнюючи з контролем. Показник зовнішнього вигляду м’яса 
свиней, яким згодовували кормову добавку Lg-max 2,0 г/добу разом із Сел-Плексом був до-
стовірно меншим на 10,87% (Р < 0,05), ніж у контролі.

За показниками дегустаційної оцінки бульйону з м’яса свиней дослідних груп не вста-
новили статистично значущої різниці із такими в контролі, що може свідчити про по-
зитивний вплив досліджуваних кормових добавок на органолептичні показники свинини. 
Однак, показник запаху бульйону (у м’ясі групи свиней, яким згодовували кормову добавку 
Lg-max 4,0 г/добу) був достовірно меншим на 20,8% (Р < 0,01), а смаку (у м’ясі свиней, яким 
згодовували кормову добавку Lg-max 2,0 г/добу разом із Сел-Плекс) – на 21,74% (Р < 0,05), 
порівнюючи з показниками в контролі.

За мікроскопічними й біохімічними показниками свинина від свиней дослідних і кон-
трольної груп відповідала вимогам чинних нормативних документів щодо свіжого м’я-
са, отриманого від здорових тварин.

Ключові слова: свинина, мікроскопічні та біохімічні показники, дегустація, кормові добавки 
Lg-max і Сел-Плекс 
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Abstract. Ukraine is acƟvely implemenƟng safety legislaƟon and certain indicators 
of food quality, in parƟcular, raw milk, to the requirements of the European Union. 
Modern requirements for raw milk require careful analysis of hygienic indicators. Raw 
milk materials supplied to “Bila Tserkva Dairy Plant” LLC and dairy plant in PJSC “Vita” 
of Kyiv Region were studied. The count of mesophilic aerobic and facultaƟve anaerobic 
microorganisms (MAFAM) and the species composiƟon of milk microflora, in parƟcular, 
bacteria of the genus Salmonella, Staphylococcus aureus, Listeria monocytogenes, 
bacteria of Escherichia coli group, psychrotrophic and spore-forming microorganisms 
were determined by microbiological methods. Physicochemical methods were used to 
determine: density, mass fracƟon of dry maƩer, somaƟc cell content, acidity, purity 
group, mass fracƟons of protein and fat. According to research results, the quality of 
farm milk is in an order of magnitude beƩer than milk obtained from private households, 
in parƟcular, by MAFAM count. The technology of obtaining farm milk ensures its 
producƟon of extra and first grades, while milk obtained in the condiƟons of private 
households – the first grade and non-grade. According to physicochemical parameters, 
milk obtained under different condiƟons did not differ significantly. Microbiological 
parameters differed significantly. The average count of MAFAM in the milk from 
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private households was 4361.25 ± 241.15, which is 12.6 Ɵmes higher than MAFAM 
count even in milk of the first grade produced by a dairy farm. IrrespecƟve of the 
season and condiƟons of raw milk producƟon, all tested samples met the requirements 
of the current DSTU for the absence of bacteria of the genus Salmonella in 25 cm3, 
Staphylococcus aureus in 0.1 cm3, and Listeria monocytogenes in 25 cm3. Bacteria of 
the Escherichia coli group were not detected in farm milk during the year, in contrast 
to milk from private households, where they were detected in spring and autumn 
(20% of cases). Both in farm and milk from private households, a group of mesophilic 
microorganisms prevailed over spore-forming and psychrotrophic ones. However, their 
number was different. Prospects for further research are to determine the sources of 
entering various types of microorganisms in raw milk and to develop procedures to 
eliminate the possibility of milk contaminaƟon with foreign microflora. 

Keywords:  raw milk, farm milk, milk from private households, milk microflora, 
quality parameters

Introduction

Ukraine is currently undergoing the 
necessary reforms to approximate regula-
tions on food safety and quality, in particu-
lar milk and dairy products, in accordance 
with the Association Agreement with the 
European Union. Ensuring the proper 
quality and safety of raw milk and dairy 
products is especially important for the do-
mestic consumer, as well as for the further 
promotion of Ukrainian food products to 
the European Union market (1Kondrasii et 
al., 2016; Ministry of Agrarian Policy and 
Food, 2019). Of course, a rational and log-
ical way to ensure the safety and quality of 
raw milk, and in the future – dairy products 
is to prevent their contamination by foreign 
substances and microorganisms on farms 
(CAC/RCP 57, 2004).

It should be noted that microorgan-
isms that enter the milk differ in type, 
multiplication activity, and metabolism 
and are a factor that limits milk shelf life 
(Oliveira et al., 2011; Bohnlein et al., 
2021). This phenomenon in the dairy 
industry also limits the export of dairy 
products (Chaharovskyi, 2020; Ukrin-
form, 2020). 

Analysis of recent researches 
and publications

In 2018, a new national standard 
DSTU 2662:2018 “Raw cow’s milk. 
Technical conditions” was developed, 
it was enacted on September 1, 2019 
(2018). However, currently, it is almost 
impossible to meet the requirements of 
the standard for microbiological parame-
ters, especially on farms that use outdat-
ed raw milk production technologies and 
do not always comply with modern hy-
giene requirements and private farms, and 
the share of such raw milk is significant 
for some facilities (Pronko et al., 2020). 
The new standard aims to increase milk 
quality requirements and regulate the use 
of low-grade milk for certain purposes, 
namely, for the production of non-food 
products, such as animal feed or techni-
cal casein (Ministry of Agrarian Policy 
and Food, 2019). However, such products 
can be produced by a very small share of 
market operators, and therefore often raw 
milk that does not meet the requirements 
is processed into dairy products, which 
increases the risk not only of defects but 
also diseases in consumers. Requirements 
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of current regulations apply to operators 
only and are not related to individuals 
who produce milk for their consump-
tion. As a result, according to the current 
requirements, producers must introduce 
good practices in the production, pro-
cessing, and marketing of milk and dairy 
products (2Kondrasii et al., 2016; Ministry 
of Agrarian Policy and Food, 2019).

It should be noted that the count of 
mesophilic aerobic and facultative an-
aerobic microorganisms (MAFAM) in 
milk is one of the most important in-
dicators not only of its quality but also 
safety. This indicator also determines 
the sanitary conditions for obtaining and 
primary processing raw milk, suitability 
for the manufacture of dairy products. 
The number of MAFAM in milk is con-
sidered the most critical indicator due 
to the fact that, in Ukraine, a significant 
share of raw milk for the dairy industry 
is milk obtained from farms that do 
not have proper hygiene and produc-
tion practices (GHP/GMP) and private 
farms (Ministry of Agrarian Policy and 
Food, 2019; Pronko et al., 2020).

However, its cooling is mostly insuf-
ficient and occurs prematurely (Pronko 
et al., 2021). Such milk no longer has 
bactericidal properties during deliv-
ery to milk processing facilities and, in 
addition, with increasing temperature 
during transportation to the milk pro-
cessing facilities, the microflora begins 
to multiply actively. The development 
of microflora in milk causes several 
changes that complicate technological 
processes and worsen the quality of 
dairy products. The influence of this 
factor depends on the season and ambi-
ent temperature (Bohnlein et al., 2021).

 According to various authors, the 
maximum number of anaerobic spores is 
found in milk in late winter and spring, 
which may be due to reduced feed qual-

ity and poor sanitation on farms during 
this period. The maximum number of 
heat-resistant bacteria was found in the 
summer months. In the autumn, their 
number decreased by two or more times 
(Burke et al., 2021).

The presence of heat-resistant bacte-
ria in raw milk indicates that the milk 
is not cooled or cooled insufficiently 
immediately after milking because only 
psychrotrophic microorganisms, most 
of which have low heat resistance and 
inactivate at low temperatures, can de-
velop in milk cooled to a temperature 
of 3–5 °C. A large number of heat-re-
sistant bacteria in milk can also arise 
due to violation in hygienic conditions 
of its production, as a result of which 
microorganisms from equipment, dairy 
utensils, etc. enter it (Ledo et al., 2020).

In the process of obtaining raw milk 
with proper quality, attention should 
be paid to water hygiene. The quality 
of water on the farm (for washing ud-
der, washing and disinfecting milking 
equipment) must meet the requirements 
of the current standard for drinking wa-
ter. High microbial contamination of 
water occurred when from 438 to 589 
thousand psychrotrophic microorgan-
isms were found in 1 cm3 of the experi-
mental sample (Ledo et al., 2020).

In the presence of inflammatory pro-
cesses in the udder, the number of mi-
croflora increases significantly, in par-
ticular, during the latent form of mastitis 
– up to tens of thousands, and in the case 
of clinical course – millions of bacteria 
in 1 cm3 of milk. Failure to comply with 
sanitary and hygienic requirements for 
milk production, animal diseases, espe-
cially subclinical mastitis, lead not only 
to a decrease in the nutritional value of 
milk but also to the fact that it becomes 
dangerous for human health (Moradi et 
al., 2021; Rios-Muniz et al., 2019).



Фізико-хімічні та мікробіологічні дослідження молока-сировини

Vol. 12, № 2, 2021 ISSN 2663-967X | 29Український часопис ветеринарних наук

Thus, the safety and quality of raw 
milk are closely associated with the or-
ganization of hygiene requirements and 
compliance with sanitary measures on 
the dairy farm during its obtaining, pri-
mary processing, cooling, storage, and 
transportation to milk processing facili-
ties. (1Kondrasii et al., 2016; 2Kondrasii 
et al., 2016; Jans et al., 2016; Willis et 
al., 2018; Zulauf et al., 2018).

The purpose of the work was to ana-
lyze the physicochemical and microbio-
logical parameters of raw milk supplied 
to milk processing facilities.

Materials and methods 
of research

The work was performed in the pe-
riod from December 2019 to November 
2020. Samples of raw milk for labora-
tory tests were taken at “Bila Tserkva 
Dairy Plant” LLC and the dairy plant of 
PJSC “Vita” (Kyiv region) during its re-
ception at the appropriate facilities.

The study of changes in the species 
composition of the microflora in all raw 
milk, which was received by the milk 
processing facilities, was performed 
depending on the season and the condi-
tions of its production.

Determination of subclinical mas-
titis and organoleptic evaluation were 
performed at the sampling site. Physi-
cochemical and bacteriological analyses 
were conducted in the Ukrainian Labo-
ratory of Quality and Safety of Agricul-
tural Products.

A sampling of milk was performed 
according to DSTU 8553:2015 “Raw 
milk and raw cream. Rules for accep-
tance, sampling and preparing samples 
for control” (2015).

The milk microflora concerning the 
contamination with microorganisms 
of different groups was studied using 

the following methods: the total count 
of bacteria was determined according 
to DSTU 7357:2013 “Milk and dairy 
products. Methods of microbiological 
control”, the number of psychrotrophic 
microorganisms, cultures and colony 
counts were determined similarly but in-
cubated in a thermostat at a temperature 
of 7.0 ± 1.0 ºC for 7–10 days. Detected 
microorganisms were identified using 
the “Bergey’s manual of systematic bac-
teriology” (2007); spore-forming bacte-
ria were determined by seeding the 4th, 
5th, and 6th of six ten-fold dilutions of 
milk heated to 85 ºC for 10 minutes. Pas-
teurized milk of selected dilutions was 
added to Petri dishes, filled with IPA and 
kept in a thermostat at a temperature of 
30 °C for 3 days, after which the number 
of microorganism colonies was count-
ed; detection of Listeria monocytogenes 
was performed according to DSTU ISO 
11290-2:2000 “Microbiology of food 
and animal feed – horizontal method of 
detection of Listeria monocytogenes”; 
detection of bacteria of the genus Sal-
monella was performed according to 
DSTU IDF 93A:2003 “Milk and dairy 
products. Determination of Salmonel-
la” (IDF 93A:1985, IDT).

The number of somatic cells was 
determined according to GOST 23453-
90 “Milk. Methods for determining the 
number of somatic cells”, milk den-
sity – according to DSTU 6082:2009 
“Milk and dairy products. Methods for 
determining the density”, acidity – ac-
cording to GOST 3624-92 “Milk and 
dairy products. Titrometric methods 
for determining acidity”, fat content 
– according to DSTU ISO 1211:2002 
“Milk. Gravimetric method for deter-
mining the fat content (control meth-
od)” (ISO 1211:1999, IDT), protein 
content – by the method of formal ti-
tration GOST 25179-90 “Milk. Meth-
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ods for protein determination”; dry 
matter content – according to DSTU 
ISO 6731:2007 “Milk, cream and con-
densed milk”. Determination of total 
dry matter content (control method) – 
according to ISO 6731:1989, IDT.

The obtained research results were pro-
cessed statistically using MS Excel. We 
calculated the mean values (M), the error 
of the mean values (m). The difference was 
considered probable for P < 0.05.

Results of the research 
and their discussion

We conducted an analysis of micro-
biological and physicochemical parame-
ters of milk supplied to milk processing 
facilities from December 2019 to No-
vember 2020. In this case, we considered 
the origin of the milk (milk obtained un-
der conditions of farms or  from cows in 
private households) and the season.

During the study period, “Bila 
Tserkva Dairy Plant” LLC received 
30% of premium milk and 70% of the 
first grade, however, according to some 
indicators, the milk also corresponded 
to extra grade. But the dairy plant did 
not exhibit extra milk, because the hy-
gienic indicators (the content of somatic 
cells and microorganisms) did not cor-
respond to this.

The research results of microbiological 
and physicochemical parameters of milk 
received for processing in “Bila Tserkva 
Dairy Plant” LLC are given in Table 1.

According to Table 1, fluctuations in 
performance depending on the season are 
noted. In terms of density, milk correspond-
ed in most cases to extra grade in summer 
and autumn, as evidenced by the average 
density of milk received for processing from 
dairy farms in these seasons. In winter and 
autumn, the milk density corresponded to 
extra and first grades. Similar results were 

for the dry matter content. As for the number 
of somatic cells, milk corresponded to extra 
and higher grades only in summer, while in 
other times of the year, corresponded to the 
first grade. Moreover, the lowest number of 
somatic cells was in summer, the highest 
– in spring and winter due to the increase 
in the number of cows with mastitis in the 
cold season. The average number of somat-
ic cells was 421.70 ± 15.26, which met the 
requirements for the first grade.

Milk acidity complied with current 
regulations during the year but was low-
est in winter. The protein content was 
the highest in summer and autumn and 
slightly higher than the baseline (base-
line – 3%), lower – in winter and spring 
but within the current requirements 
for raw milk. The average was 3.27% 
during the year. The fat content in milk 
obtained from farms was the lowest 
in spring, and it was stable and slight-
ly exceeded the baseline (baseline for 
Ukraine – 3.4%) in other seasons. The 
average fat content, in this case, was 
3.6%. According to the purity group, 
the milk obtained from farms complied 
with the current DSTU 3662:2018 and 
was the first group throughout the year.

The data given in Table 1 shows that 
in farm and chilled milk in winter and 
spring the average MAFAM count was 
<100 thousand CFU/cm3, which corre-
sponds to the extra grade, but the number 
of somatic cells corresponded to the first 
grade in these seasons. In summer, this 
figure was more than 2 times higher and 
according to DSTU 3662:2018 corre-
sponded to the extra grade. The average 
value of MAFAM count was 132.43 ± 
2.7. Thus, we note the influence of the 
season on physicochemical parameters 
and MAFAM count in raw milk obtained 
from farms. Taking into account all in-
dicators used to determine the grade, 
high-grade milk was delivered to the 
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milk processing facility only in summer 
and partially in autumn, while in spring 
and winter milk corresponded to the first 
grade, in particular, due to increased so-
matic cell content and low density.

In PJSC “Vita”, raw milk comes from 
farms (41%) and private  households 
(59%). During the period under study, raw 
milk was of the first grade and non-grade. 
Quality parameters in milk obtained by 
PJSC “Vita” are given in Table 2.

Analysis of the data given in Table 
2, with regard to physicochemical pa-
rameters of raw milk received by PJSC 
“Vita” from private households, it should 
be noted that in some respects it differed 
significantly from milk received from 
farms. In particular, this applies to san-
itary and hygienic indicators – the num-
ber of somatic cells and MAFAM count.

Milk from private households con-
tained the least somatic cells in summer, 
as well as milk obtained from the farm, 
but the number of somatic cells in the first 
case was on average 278.25 ± 17.84, which 
met the requirements for extra and higher 

grades. However, if we compare the aver-
age values of the number of somatic cells 
in milk obtained from farms and private 
households, their number was 1.8 times 
higher in milk from farms. According to 
this indicator, milk from farms in winter 
and autumn was low-grade, and only in 
summer, it corresponded to the first grade.

According to MAFAM count, all milk 
received by PJSC “Vita” was accepted 
only in the second grade. Although ac-
cording to the current regulations, non-
grade milk for dairies was to be accepted 
only for technical purposes from January 
1, 2020. The highest MAFAM count in 
milk from  private households was in 
summer, as well as milk from farms, 
but this figure was 11 times higher in 
milk obtained from private  households. 
Similar excesses were observed in oth-
er seasons, probably due to poor quality 
and insufficiently rapid cooling of milk 
in the private households. The average 
MAFAM count in milk from private 
households was at the level of 4358.61 
± 286.15, which is 4.9 times higher than 

1. Physicochemical and microbiological parameter of farm milk depending 
on the season (“Bila Tserkva Dairy Plant” LLC) (M ± m, n = 20)

Parameter
Season

winter
(03/12/2019–
28/02/2020)

spring
(02/03/2020–
29/05/2020)

summer
(01/06/2020–
31/08/2020)

autumn
(01/09/2020–
19/11/2020)

Density,
kg/m3 27.99 ± 0.15 27.91 ± 0.19 28.18 ± 0.09 28.08 ± 0.22
Mass fraction of dry 
matter, % 11.99 ± 0.03 11.89 ± 0.01 12.36 ± 0.01 12.39 ± 0.02
Purity group, not 
lower than I I I I

Acidity, ºT 16.22 ± 0.09 16.51 ± 0.04 17.09 ± 0.05 16.46 ± 0.03
Mass fraction of 
protein, % 3.28 ± 0.02 3.19 ± 0.01 3.29 ± 0.02 3.31 ± 0.02
Mass fraction of 
fat, % 3.61 ± 0.03 3.5 8 ± 0.0 2 3.63 ± 0.01 3.64 ± 0.02
Number of somatic 
cells, thousand/cm3 436.22 ± 25.01 441.23 ± 26.02 381.21 ± 3.01 428.12 ± 7.01
MAFAM count, 
thousand CFU/cm3 96.21 ± 2.06 99.22 ± 4.7 231.27 ± 1.23 103.03 ± 2.68
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MAFAM count in milk obtained on the 
farm (892.10 ± 75.58).

Farm milk in terms of density in some 
seasons corresponded to the extra grade, 
and from private households, the density 
index ranged from 27.51 ± 0.01 to 27.81 
± 0.20 kg/m3, which corresponds to ex-
tra and first grades. Dependencies on 
the seasons were not noted. In terms of 
dry matter, milk from farms and private 
households did not differ much.

In terms of acidity, raw milk sup-
plied to PJSC “Vita” met the norma-

tive values (16–18 °T) and averaged 
17.27 °T. Milk from farms had an av-
erage acidity of 16.57 °T, which is 
0.7 °T higher because milk obtained 
from private households is not always 
able to cool quickly and efficiently im-
mediately after milking.

The average protein content in milk 
from private households was 2.97% and 
thus was slightly lower than the base-
line (3%), except for milk obtained in 
autumn. In farm milk, this figure was on 
average at baseline. During the calendar 

2. Microbiological and physicochemical parameters of milk received for 
processing by PJSC “Vita” from farms and private households (M ± m, n = 20)

Parameter
Season

winter
(03/12/2019–
28/02/2020)

spring
(02/03/2020–
29/05/2020)

summer
(01/06/2020–
01/08/2020)

autumn
(01/09/2020–
19/11/2020)

Chilled milk from farms
Density, kg/m3 27.5 ± 0.34 27.30 ± 0.26 28.03 ± 0.36 28.04 ± 0.24
Mass fraction of dry 
matter, % 11.51 ± 0.16 11.57 ± 0.08 11.74 ± 0.12 11.69 ± 0.05
Purity group, not lower 
than I I I I

Acidity, ºT 16.88 ± 1.25 17.01 ± 1.14 18.03 ± 1.16 17.22 ± 1.24
Mass fraction of 
protein, % 3.03 ± 0.01 2.99 ± 0.03 3.01 ± 0.04 3.06 ± 0.01

Mass fraction of fat, % 3.47 ± 0.11 3.38 ± 0.02 3.48 ± 0.13 3.62 ± 0.04
Number of somatic 
cells, thousand/cm3

629.14 ± 
23.01

480.70 ± 
34.42

398.04 ± 
45.01

496.53 ± 
26.43

MAFAM count, 
thousand CFU/cm3 

933.42 ± 
89.97

1239.18 ± 
69.83

1291.27 ± 
65.01

1382.88 ± 
74,00

Chilled milk from private households
Density, kg/m3 27.69 ± 0.05 27.81 ± 0,20 27.52 ± 0.06 27.51 ± 0.01
Mass fraction of dry 
matter, % 11.69 ± 0.04 11.52 ± 0.05 11.99 ± 0.12 11.57 ± 0.03
Purity group, not lower 
than I I I I

Acidity, ºT 17.07 ± 0.06 17.27 ± 0.14 17.89 ± 0.07 17.33 ± 0.29
Mass fraction of 
protein, % 2.98 ± 0.01 2.89 ± 0.07 2.99 ± 0.03 3.02 ± 0.04

Mass fraction of fat, % 3.49 ± 0.09 3.48 ± 0.04 3.45 ± 0.2 3.58 ± 0.03
Number of somatic 
cells, thousand/cm3

297.16 ± 
21.64

271.16 ± 
18.25

266.36 ± 
13.24

279.75 ± 
18.23

MAFAM count, 
thousand CFU/cm3

1412.58 ± 
219.03

1427.92 ± 
217.43

14579.58 ± 
316.09

1437.54 ± 
212.05
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year, the protein content in all samples 
of raw milk from farms and private 
households corresponded to the norm 
(not less than 2.8%).

The fat content in milk obtained 
in private households was on average 
3.5%, which was 0.1% higher than the 
basic fat content and 0.1% lower than 
that in farm milk, so there is no reliable 
difference. Regarding the fat content in 
milk, depending on the season, this fig-
ure was the lowest in summer and the 
highest in autumn, which coincides with 
the trend observed for farm milk.

In terms of purity, milk obtained 
from private households did not com-
ply with the current DSTU 3662:2018, 
as during the year it was assigned to the 
second purity group, which does not 
meet the requirements of the current 
standard and can be accepted at the milk 
processing facilities only as non-grade 
for technical purposes.

In addition, we studied the spe-
cies composition of the microflora in 
milk obtained from farms and private 
households, depending on the season 
(Table 3).

3. The species composition of microorganisms in milk (M ± m, n = 20)

Microorganism
Season

winter
(03/12/2019–
28/02/2020)

spring
(02/03/2020–
29/05/2020)

summer
(01/06/2020–
31/08/2020)

autumn
(01/09/2020–
19/11/2020)

Chilled farm milk
Bacteria of the genus 
Salmonella, in 25 cm3 - - - -
Staphylococcus aureus, 
in 0.1 cm3 - - - -
Listeria monocytogenes, 
in 25 cm3 - - - -
Bacteria of Escherichia 
coli group, number of 
cases, %

- - - -

Spore-forming m/o, 
thousand/cm3 12.09 ± 0.07 16.01 ± 0.04 19.37 ± 0.07 11.02 ± 0.03
Mesophilic m/o, 
thousand/cm3 60.11 ± 0.06 55.18 ± 1.24 173.58 ± 1.09 62.92 ± 0.74
Psychrotrophic m/o, 
thousand/cm3 24.01 ± 0.03 28.03 ± 0.07 38.32 ± 0.79 29.09 ± 0.12

Milk from private households
Bacteria of the genus
Salmonella, in 25 cm3 - - - -
Staphylococcus aureus, 
in 0.1 cm3 - - - -
Listeria monocytogenes, 
in 25 cm3 - - - -
Bacteria of Escherichia 
coli group, number of 
cases, %

0 20 0 20

Spore-forming m/o, 
thousand/cm3 19.44 ± 0.13 16.12 ± 0,03 67.18 ± 0.02 33.78 ± 0.02
Mesophilic m/o, 
thousand/cm3 317.97 ± 1.01 341.84 ± 0.59 449.60 ± 1.26 342.74 ± 1.92
Psychrotrophic m/o, 
thousand/cm3 75.17 ± 0.09 69.96 ± 0.74 29.98 ± 0.75 61.02 ± 0.03
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The results of the study are given in 
Table 3, indicate that regardless of the 
season and conditions, all tested samples 
of raw milk met the requirements of the 
current DSTU for the absence of bacte-
ria of the genus Salmonella in 25 cm3, 
Staphylococcus aureus in 0.1 cm3 and 
Listeria monocytogenes in 25 cm3.

Bacteria of Escherichia coli group 
were not detected in farm milk during 
the year, in contrast to milk from private 
households, where this group of bacte-
ria was detected in spring and autumn 
(20% of cases).

As for the other microflora, both in 
farm and in milk from  private households, 
a group of mesophilic microorganisms 
prevailed over spore-forming and psy-
chrotrophic ones. However, their num-
ber was different, because in general, the 
average MAFAM count was 3.31 times 
higher in milk obtained in the conditions 
of private households (Tables 1, 2).

The number of spore-forming mi-
croorganisms in farm milk is 5.5 times 
lower in summer and 3 times lower in 
autumn than in milk obtained from pri-
vate households. In other seasons of 
the year, the number of spore-forming 
microorganisms in milk produced by 
economic entities with different forms 
of ownership did not differ significantly.

As for the mesophilic microflora, 
milk contamination in all seasons of 
the year was higher in the milk of cows 
from private households, although the 
smallest difference between the indi-
cators was in summer. In particular, in 
winter – 5.3, in spring – 6.2, in summer 
– 2.6, in autumn – 5.4 times.

The number of psychrotrophic mi-
croorganisms in farm milk, compared 
to the milk of cows from private house-
holds, differed the most in winter and 
was 3 times lower. In spring and au-
tumn, it was lower – 2.5 and 2.1 times, 

respectively, and in summer it differed 
the least and was only 1.3 times lower.

This difference in total bacterial 
contamination and individual groups of 
microorganisms in farm milk and milk 
obtained from private households, ap-
parently, can be explained by the fact 
that the latter technology involves mix-
ing several small batches of milk in one 
container, and cow owners give milk 
as a rule once a day, thus milk from 
evening milking (cooled) and morn-
ing (warm) can be mixed that activates 
growth and multiplication of micro-
flora. In addition, the sanitary and hy-
gienic conditions for obtaining, primary 
processing of milk from private house-
holds, its storage, and transportation do 
not meet modern requirements for the 
production and circulation of raw milk.

Conclusions and future 
perspectives

Quality parameters of raw milk depend 
on the conditions of its production and 
the season. Milk of extra and first grades 
comes from farms, and private households 
– only non-grade. In addition, in summer 
and autumn more premium milk is re-
ceived. Problematic indicators that do not 
allow to obtain milk of extra grade in farm 
conditions are hygienic: MAFAM count 
and the number of somatic cells.

Raw milk obtained in the conditions 
of private households does not meet 
the requirements of the current DSTU 
3662:2018 in terms of purity and MA-
FAM count, so now it remains relevant 
to cooperate with the owners and their 
use of appropriate milking and refriger-
ation equipment.

All tested samples of raw milk, re-
gardless of the season and milk produc-
tion conditions, met the requirements 
of the current standard for the absence 
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of bacteria of the genus Salmonella in 
25 cm3, Staphylococcus aureus in 0.1 cm3, 
and Listeria monocytogenes in 25 cm3.

Bacteria of Escherichia coli group 
were not detected in farm milk during 
the year, while in milk from private 
households they were recorded in spring 
and autumn (20% of cases).

In farm milk and milk from pri-
vate households, a group of meso-
philic microorganisms prevailed over 
spore-forming and psychrotrophic ones.

Prospects for further research are to 
determine the sources of entering various 
types of microorganisms in milk and to de-
velop procedures to eliminate the possibil-
ity of milk contamination with foreign mi-
croflora, especially in private households.
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Анотація. В Україні активно відбувається імплементація законодавства з безпеч-

ності та окремих показників якості харчових продуктів, зокрема, молока-сировини до 
вимог Європейського союзу. Сучасні вимоги до молока-сировини вимагають ретельного 
його аналізу за гігієнічними показниками. Досліджували сире молоко-сировину, що надхо-
дило на ТОВ «Білоцерківський молочний комбінат» та молокозавод ПАО «Віта» Київської 
області. Мікробіологічними методом визначали кількість мезофільних аеробних та 
факультативно анаеробних мікроорганізмів (КМАФАМ) та видовий склад мікрофлори 
молока, зокрема, бактерії роду Salmonella, Staphylococcus aureus, Listeria monocytogenes, 
бактерії групи кишкових паличок, спороутворюючі та психротрофні мікроорганізми. 
Фізико-хімічними методами визначали: густину, масову частку сухих речовин, вміст 
соматичних клітин, кислотність, групу чистоти, масову частку білка та жиру. За ре-
зультатами досліджень якість фермерського молока є на порядок кращою, порівнюючи 
з молоком, отриманим в умовах особистих селянських господарств, зокрема, за КМА-
ФАМ. Технологія отримання фермерського молока забезпечує його виробництво вищого 
й першого ґатунків, у той час, як молоко, отримане в умовах особистих селянських гос-
подарств – першого ґатунку та негатункове. За фізико-хімічними показниками молоко, 
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отримане за різних умов, достовірно не відрізнялося. Суттєво відрізнялися мікробіоло-
гічні показники. Середній показник КМАФАМ молока з особистих селянських господарств 
був 4361,25 ± 241,15, що у 12,6 раза перевищує КМАФАМ, навіть молока першого ґатунку, 
отриманого в умовах молочнотоварної ферми. Незалежно від пори року й умов отри-
мання молока-сировини всі досліджені проби відповідали вимогам чинного ДСТУ щодо 
відсутності бактерій роду Salmonella у 25 см3, Staphylococcus aureus, у 0,1 см3 та Listeria 
monocytogenes, у 25 см3. У фермерському молоці не виявляли бактерій групи кишкових па-
личок упродовж року, на відміну від молока з особистих селянських господарств, де їх ви-
являли навесні і восени (по 20% випадків). Як у фермерському, так і в молоці з особистих 
селянських господарств переважала група мезофільних мікроорганізмів над спороутво-
рюючими і психротрофними. Проте їхня кількість була різною. Перспективи подальших 
досліджень полягають у визначенні джерел потрапляння різних видів мікроорганізмів 
у молоко-сировину та розробленні процедур усунення можливості обсіменіння молока 
сторонньою мікрофлорою.

Ключові слова: молоко-сировина, фермерське молоко, молоко з особистих селянських 
господарств, мікрофлора молока, показники якості
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Abstract. The leading role in the mobilizaƟon of the organism adapƟve capabiliƟes 
is played by neuro-humoral mechanisms, primarily the acƟvity of the central nervous 
system. The full-fledged mineral nutriƟon of caƩle depends on the animal supply with 
macroelements, which are included in the structure of many enzymes or are their acƟvators, 
taking a leading role in redox reacƟons. The studies were carried out on cows of the Ukrainian 
black-spoƩed dairy breed of 2–3rd lactaƟon. By the results of studying the autonomic 
nervous system tone, 3 experimental groups were formed: 1 – normotonics, 2 – vagotonics, 
3 – sympathicotonics. Blood from caƩle was collected twice a year in summer and winter. 
Whole blood was stabilized with heparin, blood serum was obtained by sedimentaƟon 
method, and blood cells – by centrifugaƟon of heparinized blood, plasma collecƟon and 
aŌer triple washing of cells in the cold isotonic soluƟon, followed by centrifugaƟon. The 
tone of the autonomic nervous system in cows in summer is inversely related to the content 
of phosphorus in whole blood (r = -0.73; P < 0.05) and blood cells (r = -0.87; P < 0.001). 
However, in blood serum, these relaƟonships are unreliable both in summer and winter (r = 
-0.02–0.24). In winter, the tone of the autonomic nervous system in cows is inversely reliably 
associated only with phosphorus content in whole blood (r = -0.81; P < 0.01). Unlike the tone 
of the autonomic nervous system, the season has a significant effect on calcium content in 
whole blood (F = 8.94 > FU = 8.41; P < 0.01), while the content of this element in serum and 
blood cells of cows did not depend from the season. So, the tone of the autonomic nervous 
system and the season affect the content of calcium and phosphorus in blood of cows.

Keywords: cows, blood, nervous processes, the tone of the autonomic nervous 
system, calcium, phosphorus
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Introduction

The current state of the agricultural indus-
try is due to the global impact of moderniza-
tion, which is accompanied by an increase in 
the technogenic load on animals. The lead-
ing role in the mobilization of the adaptive 
capabilities of the organism is played by neu-
ro-humoral mechanisms, primarily the activ-
ity of the central nervous system (Pogorlov, 
2010). Studies on the influence of the higher 
nervous activity type in cows on the mineral 
status of the animal’s organism are of scien-
tific and practical interest. The full-fledged 
mineral nutrition in cattle depends on the an-
imal supply with macroelements, which are 
included in the structure of many enzymes 
or are their activators, taking a leading role 
in redox reactions (Guyot et al., 2012). Mac-
roelements, despite their low content in the 
body, play a significant biological role (Byts, 
2010; Gromova et al., 2010). In addition to 
the general positive effect on the processes 
of growth and development, the specific ef-
fect of several macroelements on the most 
important physiological processes has been 
established; their significance is also ex-
plained by their interaction with biologically 
active substances – hormones and vitamins 
(Zakharenko, 2004). The optimal content 
and ratio of essential trace elements in the an-
imal’s organism determine the normal course 
of their physiological functions, high resis-
tance, and productivity (Kalyn, 2011). The 
absence or deficiency of individual mineral 
elements, as well as their suboptimal ratio in 
the diets, leads to a decrease in the efficiency 
of feed nutrients and, as a consequence, to a 
decrease in livestock productivity.

Analysis of recent researches 
and publications

It is known that metabolic processes at 
the cellular and subcellular levels are pro-
vided by the functioning of about 2000 

enzymes, each of which catalyzes a corre-
sponding chemical reaction (Gapon, 2005). 
In turn, the catalytic activity of enzymes 
is provided by coenzymes of non-protein 
origin – organic compounds or inorganic 
elements (metal ions – macro- and micro-
elements). Despite the fact that minerals 
have no energy value, like proteins, fats, 
and carbohydrates, many enzymatic pro-
cesses in the body are impossible without 
certain elements. Macroelements play a 
key role in maintaining acid-base balance, 
osmotic pressure, membrane potential, and 
transmission of nerve stimuli. The conduct-
ed research has established a reliable influ-
ence of the main characteristics of cortical 
processes on the content of macroelements 
in bovine blood (Avtsyn, 1991). The mac-
roelement content in the body is quite sta-
ble, even relatively large deviations from 
the norm are compatible with the vital ac-
tivity of the organism. The main process of 
absorption of macro- and microelements 
occurs in the upper part of the small intes-
tine, namely in the duodenum. Regulation 
is carried out under the effect of the central 
and autonomic nervous system, and the 
endocrine system. However, insufficient 
attention is paid to the study of the individ-
ual characteristics of mineral homeostasis 
in the body of productive cows in an in-
tact and stressed state (McDowell, 2003; 
Zinko, 2017). Determination of individual 
characteristics of higher nervous activity in 
animals provides a deeper understanding of 
the cortical mechanisms in the regulation 
of various physiological functions, creating 
the prerequisites for a targeted impact on 
them (Skalny, 2004; Danchuk et al., 2017).

Materials and methods 
of research

The studies were carried out on cows 
of the Ukrainian black-spotted dairy breed 
of the 2–3rd lactation. By the results of 
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studying the tone of the autonomic ner-
vous system, 3 experimental groups were 
formed (5 animals in each): 1 – normo-
tonic, 2 – vagotonic, 3 – sympathicotonic 
cows. Research material was blood sam-
ples from cattle taken from the jugular 
vein in the morning before feeding. Blood 
was collected twice a year in summer and 
winter. Whole blood was stabilized with 
heparin, blood serum was obtained by sed-
imentation method, and blood cells – by 
centrifugation of heparinized blood, plas-
ma collection and after triple washing of 
cells in the cold isotonic solution, followed 
by centrifugation (Vlizlo et al., 2012). The 
obtained digital data were processed statis-
tically using the applied software pack-
age “Microsoft Office Excel 2013”. The 
arithmetic mean value (M) and its error 
(m) were determined. The probability of 
differences in mean values was determined 
by the Student’s test. Parameters changes 
were considered significant at P < 0.05 (in-
cluding P < 0.01 and P < 0.001).

Research results 
and their discussion

The studies showed that in animals 
with a different tone of the autonomic 
nervous system the phosphorus content 
in various blood fractions did not ex-
ceed physiological limits (Table 1).

In particular, the phosphorus con-
tent in bovine whole blood depending 
on the vegetative status and season was 
20.5‒25.0 mg/100 mL, in blood serum 
– 10.9‒12.1 mg/100 mL, and in blood 
cells – 47.1‒52.5 mg/100 mL. It was 
found that both in warm and cold sea-
sons the phosphorus content did not dif-
fer significantly in different blood frac-
tions of normotonics and vagotonics.

In sympathicotonic animals, in the 
warm season, the phosphorus content 
was lower in whole blood by 11.8% 

(P < 0.001), and in blood cells – by 
8.2% (P < 0.001) in comparison with 
indicators in normotonic cows.

Whereas in the cold season, the phos-
phorus content was significantly lower 
in whole blood by 16.0% (P < 0.001) 
and in blood cells – by 6.4% (P < 0.001) 
compared with indicators in normotonic 
cows. It should be noted that time of the 
year affects the phosphorus content in 
various fractions of bovine blood.

So, regardless of the vegetative status 
in cows, in the cold season, the phosphorus 
content in blood serum is 7.2‒9.4% lower 
(P < 0.05‒0.01) compared with the indica-
tor of these animals in summer. In addition, 
in sympathicotonic cows, the content of 
this metal in whole blood in winter is sig-
nificantly lower (by 6.8%; P < 0.05) com-
pared with the indicator in these animals 
in summer. But the phosphorus content in 
blood cells of these animals in warm and 
cold seasons does not differ significantly.

Studies showed that in animals with 
a different tone of the autonomic nervous 
system, the content of inorganic phos-
phorus in the blood serum did not exceed 
physiological levels and, depending on the 
vegetative status of animals and season, 
was 4.6–5.1 mg/100 mL. It was found that 
both in warm and cold seasons in different 
blood fractions of normotonics and vagot-
onics, the content of inorganic phosphorus 
in blood serum did not differ significantly. 
However, in the warm season, the content 
of inorganic phosphorus in the blood se-
rum in sympathicotonic animals was lower 
by 5.7% (P < 0.05) and in the cold season – 
by 5.6% (P < 0.05) compared with indica-
tors in normotonic cows. It should be noted 
that the season affects inorganic phospho-
rus content in bovine serum. Thus, in nor-
motonic, vagotonic, and sympathicotonic 
cows in the cold season, this indicator was 
6.0‒7.7% (P < 0.05) lower than in these an-
imals in the warm season.
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1. Phosphorus content in blood of cows with different vegetative status 
depending on the season, mg/100 mL (М  ±  m, n = 5)

Substrate
Vegetative status

normotonic vagotonic sympathicotonic
Summer

Blood serum 24.98 ± 0.23 24.30 ± 0.35 22.03 ± 0.26***
Whole blood 12.08 ± 0.19 11.98 ± 0.17 11.78 ± 0.33
Blood cells 51.15 ± 0.60 52.45 ± 0.26 46.98 ± 0.89***

Winter
Blood serum 24.43 ± 0.46 23.58 ± 0.60 20.53 ± 0.30***
Whole blood 11.20 ± 0.34 10.85 ± 0,40 10.88 ± 0.37
Blood cells 50.30 ± 0.60 50.70 ± 0.95 47.08 ± 0.28***

Note: differences are significant in comparison with normotonics: * P < 0.05; ** P < 0.01; 
*** P < 0.001.

The studies have established the in-
fluence of the vegetative status in cows 
on the phosphorus content in blood de-
pending on the season.

The predominance of the influence 
of the parasympathetic division of the 
autonomic nervous system on the heart, 
both in summer and in winter, does not 
affect phosphorus content in whole blood, 
serum, and blood cells in cows (ղ²ᵪ = 
0.02‒0.40). The predominance of the 
sympathetic part of the autonomic ner-
vous system influence on the work of the 
heart in summer affects the phosphorus 
content in bovine whole blood – ղ²ᵪ= 0.92 
(P < 0.001) and blood cells – ղ²ᵪ = 0.72 
(P < 0.01). In winter, the influence of the 
tone of the autonomic nervous system in 
sympathicotonic cows on the phospho-
rus content in whole blood and blood 
cells stayed significant (ղ²ᵪ = 0.80‒0.89 
(P < 0.01‒0.001). The relationship of the 
autonomic nervous system in cows with 
phosphorus content in their blood depend-
ing on the season has been established.

Thus, the tone of the autonomic nervous 
system in cows in summer is inversely reli-
able related to phosphorus content in whole 
blood (r = -0.73; P < 0.05) and its cells 

(r = -0.87; P < 0.001). However, in blood se-
rum, these relationships are unreliable both 
in summer and winter (r = -0.02‒0.24). In 
winter, the tone of the autonomic nervous 
system in cows is inversely reliable related 
only to phosphorus content in whole blood 
(r = -0.81; P < 0.01). Thus, regardless of the 
season, the changes in heart rate difference 
according to the results of the trigeminova-
gal test in cows by one unit, the phospho-
rus content in whole blood changes in the 
opposite way by 0.09‒0.12 mg/100 mL 
(P < 0.05‒0.01). Moreover, up to 53% 
(P < 0.01) in summer and up to 48% 
(P < 0.05) variations in the content of this 
metal in whole blood of cows in winter can 
be caused by the tone of the autonomic ner-
vous system of animals.

Regardless of the season, the chang-
es in heart rate difference according to the 
results of the trigeminovagal test in cows 
by one unit, the phosphorus content in the 
blood cells changes in the opposite way by 
0.15‒0.21 mg/100 mL (P < 0.001). In ad-
dition, up to 75% (P < 0.001) in summer 
and up to 66% (P < 0.001) variations in the 
content of this metal in blood cells in winter 
can be caused by the tone of the autonom-
ic nervous system of animals. It should be 
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noted that regression analysis did not show 
a reliable dependence of phosphorus content 
in blood serum on the vegetative status of 
animals. It was found that the tone of the 
autonomic nervous system and phospho-
rus content in blood serum of cows did not 
shown a significant relationship (F = 0.53 
< FU = 3.55; P < 0.05), while the content 
of this element in whole blood (F = 43.0 > 
FU = 3.55; P < 0.001) and blood cells (F = 
27.5 > FU = 3.55; P < 0.001) depends on the 
vegetative status. Unlike the tone of the au-
tonomic nervous system, the season has no 
significant effect on phosphorus content in 
blood cells of cows (F = 2.44 < FU = 4.41; 
P < 0.05), while its effect on phosphorus 
content in whole blood (F = 8.54 > FU = 
4.41; P < 0.01) and its serum (F = 14.4 > 
FU = 4.41; P < 0.001) is significant. It should 
be noted that analysis of phosphorus content 
in whole blood, serum, and blood cells of 
cows showed no reliable interaction between 
the vegetative status and season of the year 
(F = 0.10‒1.00 < FU = 3.55; P < 0.05).

The studies showed that in animals 
with a different tone of the autonomic 
nervous system, the calcium content in 
various blood fractions did not exceed 
the physiological limits (Table 2).

In particular, the calcium content 
in whole blood of cows, depending on 
the vegetative status and season, was 
5.0‒5.6 mg/100 mL, in blood serum – 
7.7‒8.5 mg/100 mL, and in blood cells – 
2.3‒2.6 mg/100 mL.

It was found that in the warm season, 
the calcium content in blood cells of vag-
otonics is significantly higher by 10.4% 
(P < 0.05) in comparison with the indica-
tors in normotonic animals. In addition, in 
summer, the content of ionized calcium in 
vagotonics is significantly lower by 4.6% 
(P < 0.05) compared to the indicators of 
normotonic animals. However, the content 
of this macroelement in whole blood and 
serum did not differ significantly.

Unlike the indicators in vagotonic an-
imals, in blood serum of sympathicotonic 
cows, the content of ionized calcium in 
summer was 7.3% higher (P < 0.05) than 
that in cows with normotonia, and calcium 
content in blood cells was higher by 12.4% 
(P < 0.05) than in normotonics. It should 
be noted that the ratio of ionized calcium 
content to total one in blood of sympathico-
tonic cows in summer is 6.3% (P < 0.05) 
higher than that in normotonic cows.

This indicator did not differ significant-
ly from that one in normotonic cows in the 
cold season. Besides, in sympathicotonic 
cows, the only calcium content in blood 
cells significantly differs from the indi-
cators of normotonic animals in the cold 
season (higher by 8.3%, P < 0.05).

It should be noted that the time of the 
year affects calcium content in whole blood 
of cows. Thus, calcium content in whole 
blood of vagotonic and sympathicotonic 
cows in the cold season is lower by 9.6% 
(P < 0.05) and 7.1% (P < 0.05), respective-
ly, than in these animals in summer. But 
calcium content in other blood fractions 
in these animals in warm and cold seasons 
does not differ significantly.

The influence of the vegetative state of 
cows on blood calcium content depending 
on the season has been established.

The predominance of the influence 
of both the sympathetic and the para-
sympathetic divisions of the  autonomic 
nervous system on the work of the heart 
in summer affects calcium content in 
blood cells of cows – ղ²ᵪ = 0.58‒0.65 
(P < 0.05). Along with this, the effect of 
the autonomic nervous system tone on 
the content of ionized calcium in blood 
serum of cows was established – ղ²ᵪ = 
0.65‒0.70 (P < 0.05‒0.01).

Thus, the tone of the autonomic ner-
vous system in cows in summer is sig-
nificantly directly related to the content of 
ionized calcium in blood serum (r = 0.87; 
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P < 0.001) and the ratio of ionized calci-
um to total one in blood serum (r = 0.57, 
P < 0.05). In winter, the tone of the auto-
nomic nervous system in cows has no sig-
nificant correlations with calcium content 
in various blood fractions (r = 0.24‒0.51).

There is a significant dependence of 
calcium content in bovine blood on the 
tone of the autonomic nervous system in 
summer, while in winter, the tone of the 
autonomic nervous system does not reli-
ably limit the content of this element in 
blood of animals (Table 3).

However, in summer, if the heart rate 
differences according to the results of the 
trigeminovagal test in cows changes by 
one unit, the content of ionized calcium in 
whole blood changes in the same way by 
0.02 conditional units (P < 0.001), and the 
ratio of ionized to total calcium in blood 
serum by 0.01 conditional units (P < 0.05). 
Moreover, in summer, up to 75% (P < 0.001)
 of ionized calcium content and up to 33% 
(P < 0.05) of variations in the ratio of ion-
ized to total calcium in blood serum of 

cows can be caused by the tone of the auto-
nomic nervous system of animals.

Unlike the tone of the autonomic ner-
vous system, the season has a significant 
effect on calcium content in whole blood 
(F = 8.94 > FU = 7.41; P < 0.01), while the 
content of this element in the serum and 
blood cells of cows had no relationship 
with the season. Also, should be noted the 
significant influence of the vegetative status 
of animals  on the content of ionized calci-
um in blood serum (F = 6.19 > FU = 3.55; 
P < 0.01). Thus, both the season and the tone of 
the autonomic nervous system did not affect 
the ratio of ionized to total calcium in blood 
serum (F = 3.19‒3.37 < FU = 3.55‒4.41; 
P > 0.05). Analyzing calcium content in var-
ious fractions of blood of cows, a significant 
relationship between the vegetative status 
of cows and the season was not established 
(F = 0.25‒1.94 < FU = 3.55, P > 0.05).

Therefore, the tone of the autonom-
ic nervous system and the time of year 
affect the content of calcium and phos-
phorus in blood of cows.

2. Calcium content in blood of cows with different vegetative status depending 
on the season, mg/100 mL (М ± m, n = 5)

Substrate
Vegetative status

normotonic vagotonic sympathicotonic
Summer

Whole blood 5.27 ± 0.12 4.98 ± 0.18 5.26 ± 0.12
Blood serum 8.10 ± 0.11 7.69 ± 0.28 8.17 ± 0.20
Blood cells 2.30 ± 0.07 2.54 ± 0.05* 2.58 ± 0.05*
Ionized Са++ 3.46 ± 0.04 3.3 ± 0.03* 3.71 ± 0.06*
Ionized Са/total Са 0.43 ± 0.01 0.43 ± 0.01 0.45 ± 0.01*

Winter
Blood serum 5.43 ± 0.16 5.46 ± 0.16 5.63 ± 0.03
Whole blood 8.34 ± 0.35 8.27 ± 0.32 8.51 ± 0.03
Blood cells 2.36 ± 0.05 2.40 ± 0.05 2.56 ± 0.03**
Ionized Са++ 3.60 ± 0.17 3.42 ± 0.14 3.68 ± 0.03
Ionized Са/total Са 0.43 ± 0.01 0.41 ± 0.01 0.43 ± 0.01

Note: differences are significant in comparison with normotonics: * P < 0.05; ** P < 0.01; 
*** P < 0.001.
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Conclusions and future 
perspectives

The tone of the autonomic nervous 
system in cows in summer is significantly 
inversely related to the content of phospho-
rus in whole blood (r = -0.73; P < 0.05), its 
cells (r = -0.87; P < 0.001) and directly cor-
relates with the content of ionized calcium 
in serum (r = 0.87; P < 0.001). The regres-
sion analysis shown a significant effect of 
the autonomic nervous system tone on the 
content of ionized calcium in blood serum 
(F = 6.19 > FU = 3.55; P < 0.01).
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Анотація. Провідну роль у мобілізації адаптаційних можливостей організму відіграють 

нейро-гуморальні механізми, насамперед – діяльність центральної нервової системи. Повно-
цінність мінерального живлення великої рогатої худоби залежить від забезпеченості тва-
рин макроелементами, які входять до структури багатьох ензимів або є їх активаторами, 
приймаючи провідну роль в окисно-відновних реакціях. Досліди проводили на коровах україн-
ської чорно-рябої молочної породи 2–3 лактації. За результатами дослідження тонусу авто-
номної нервової системи було сформовано 3 дослідні групи: І – нормотоніки, ІІ – ваготоніки, 
ІІІ – симпатикотоніки. Відбір крові проводили двічі на рік, влітку та взимку. Цільну кров ста-
білізували за допомогою гепарину, сироватку крові отримували методом відстоювання, а 
клітини крові – за допомогою центрифугування гепаринузованої крові, відбирання плазми та 
триразового промивання клітин у холодному ізотонічному розчині з наступним центрифугу-
ванням. Тонус автономної нервової системи в корів влітку достовірно обернено пов’язаний із 
вмістом Фосфору в цільній крові (r = -0,73; P < 0,05) та її клітинах (r = -0,87; P < 0,001). Тоді, як у 
сироватці крові дані взаємозв’язки недостовірні, як влітку так і взимку (r = -0,02–0,24). Взимку 
тонус автономної нервової системи в корів обернено достовірно пов’язаний лише з вмістом 
Фосфору в цільній крові (r = -0,81; P < 0,01). На відміну від тонусу автономної нервової системи 
пора року має достовірний вплив на вміст Кальцію в цільній крові (F = 8,94 > FU = 0,41; P < 0,01), 
тоді, як вміст цього елементу в сироватці та клітинах крові корів не залежав від пори року. 

Отже, тонус автономної нервової системи та пора року впливають на вміст Кальцію і 
Фосфору в крові корів.

Ключові слова: корови, кров, нервові процеси, тонус автономної нервової системи, 
Кальцій, Фосфор
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Abstract. One of the main indicators that determine the effecƟveness of the anƟbioƟc in 
the body is its ability to penetrate and accumulate in high concentraƟons at the sites of the 
pathological process. The arƟcle presents the results of studies of the intake, distribuƟon, and 
excreƟon of Ɵlmicosin phosphate – the acƟve substance of the anƟbioƟc Tilmox 25% from the 
body of broiler chickens (Cobb-500 cross) with ornithobacteriosis. It was found that in 24 hours 
aŌer the start of the feeding Tilmox 25% soluƟon to broiler chickens with ornithobacteriosis, most 
Ɵlmicosin phosphate was contained in the lungs, while in the liver less than 1.6 Ɵmes, kidneys – 
3.0 Ɵmes, heart muscle – 3.4 Ɵmes, pectoral muscles – 3.5 Ɵmes than in the lungs. AŌer 48 and 
72 hours, the Ɵlmicosin content increased in all studied organs but the paƩern of its distribuƟon 
was the same as aŌer 24 hours. Tilmicosin phosphate levels in the lungs exceeded the values in 
the liver, kidneys, heart, and pectoral muscles by 1.8 Ɵmes, 2.7, 2.9, and 3.9 Ɵmes, respecƟvely, 
at 72 hours of the experiment. At 96 hours, Ɵlmicosin levels were highest in the pectoral muscles, 
kidneys, liver, and lungs, and only slightly less in the heart than in previous research periods. The 
obtained results tesƟfy to the organ affiliaƟon of Ɵlmicosin phosphate to the lung Ɵssues in broiler 
chickens with ornithobacteriosis. In a day (120 hours of the experiment) aŌer disconƟnuaƟon of 
Tilmox 25%, the content of Ɵlmicosin phosphate in the lungs, liver, kidneys, heart, and pectoral 
muscles of broiler chickens was 53%, 50, 57, 68, and 34%, respecƟvely, in comparison with values 
aŌer 96 hours. The Ornithobacterium rhinotracheale sensiƟvity to Ɵlmicosin and its distribuƟon 
in maximum amounts in the lungs of broiler chickens with ornithobacteriosis provided a 
therapeuƟc effect, which was confirmed by microscopic studies.

Studies on the pharmacokineƟc properƟes of Ɵlmicosin have been performed mainly 
in healthy birds. Therefore, the opƟmizaƟon of treatment regimens of already known 
anƟbioƟcs, which will be based on the study of pharmacokineƟc and pharmacodynamic 
properƟes not only on clinically healthy but also on diseased organisms is a relevant 
and important issue in the field of veterinary pharmacology. 

Keywords: Tilmox 25%, Ɵlmicosin phosphate, broiler chickens, ornithobacteriosis, 
Ornithobacterium rhinotracheale, pharmacokineƟcs, distribuƟon, accumulaƟon, excreƟon
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Introduction

Antibiotics are a key component of 
modern veterinary medicine used in 
the treatment of animals and poultry in 
more than half of all diseases. They are 
used as a primary therapy – to destroy 
the pathogen and to treat patients with 
secondary infections, which often oc-
cur as complications of viral and par-
asitic diseases, mycoses, and immuno-
deficiency. The pharmacokinetics of 
the animal’s interaction with the drug 
is studied. It describes the absorption 
of the drug into the blood – bioavail-
ability, its distribution, biotransfor-
mation, accumulation, and excretion. 
Pharmacokinetic indicators allow the 
physician to select an effective drug 
and calculate the most optimal treat-
ment regimen that will provide a ther-
apeutic effect and prevent the develop-
ment of bacterial resistance (Evans et 
al., 2002; Lalonde et al., 2007; Ronald 
et al., 2014).

One of the reasons for the develop-
ment of bacterial resistance is the insuf-
ficient bioavailability of the antibiotic 
at the site of pathogen localization. This 
leads to the fact that the concentration 
required to kill bacteria is not reached 
in the tissues, or the drug is excreted too 
quickly (McClary et al., 2011). 

In recent years, in European 
countries, including Ukraine, the 
semi-synthetic macrolide antibiotic 
tilmicosin began to actively use for 
the treatment of birds with respira-
tory diseases caused by Mycoplasma 
gallisepticum, Mycoplasma synoviae, 
Ornithobacterium rhinotracheale, 
Pasteurella multocida. 

Desirable pharmacokinetic proper-
ties of tilmicosin include rapid absorp-
tion, good airway penetration, and slow 
excretion (Li et al., 2017).

Analysis of recent researches 
and publications

Tilmicosin is a semi-synthetic mac-
rolide antibiotic synthesized from ty-
losin, with a broad spectrum of action, 
which has a pronounced activity against 
the causative agents of avian respiratory 
diseases – respiratory mycoplasmosis, or-
nithobacteriosis, pasteurellosis. Positive 
properties that characterize the tilmicosin 
pharmacokinetics are its rapid absorption 
after oral administration, good penetration 
into the tissues of the respiratory tract, in 
particular into the lungs and air sacs, slow 
excretion, which provides a pronounced 
prolonged effect (McClary et al., 2011; 
El-Mahmoudy et al., 2016; Li et al., 2017; 
Li et al., 2017; Timsit et al., 2017). 

The tilmicosin’s pharmacokinetic prop-
erties have been studied by many scientists 
in different dosage forms and animals of 
different species. In particular, in 2007, 
Jordanian scientists conducted studies on 
broiler chickens with tilmicosin phosphate 
in the composition of the drugs Provityl – a 
ready-made aqueous solution for oral ad-
ministration and Pulmotyl AS – a powder 
for solution. The drugs were used in broiler 
chickens 30 days of age for 5 days. Stud-
ies have shown the tilmicosin phosphate’s 
bioequivalence, rapid absorption, and slow 
excretion (Moore et al., 1996; Shen et al., 
2005; Abu-Basha et al., 2007).

A pharmacokinetic study of tilmicosin 
was also performed in healthy pigs and 
infected with Haemophilus parasuis. The 
drug was administered orally once at a 
dose of 40 mg/kg body weight. Tilmicosin 
concentrations were determined in blood 
plasma at regular intervals after adminis-
tration for 96 hours. The maximum se-
rum concentration of tilmicosin in healthy 
animals was 1.77 ± 0.33 compared to 1.67 
± 0.128 μg/L in patients, indicating no sig-
nificant differences between pharmacoki-
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netic profiles in clinically healthy pigs and 
infected with H. parasuis (Zhang et al., 
2017; Zhang et al., 2019). 

Comparative characterization of the 
pharmacokinetic parameters of tylosin and 
tilmicosin in 12 lactating Holstein cows 
after intravenous administration showed 
that the maximum serum concentrations 
are 1.30 ± 0.12 for tylosin and 4.55 ± 
0.23 μg/mL for tilmicosin. The time re-
quired to reach the peak concentration for 
tylosin was 2 hours, while for tilmicosin – 
4 hours. The half-lives were 20.46 ± 2.08 
hours for tylosin and 26.36 ± 5.55 hours 
for tilmicosin, indicating long-term excre-
tion of the drug and its prolonged action in 
animals (Ziv et al., 1995; Dimitrova et al., 
2012; Avci et al., 2014).

The research results of the pharma-
cokinetics of tilmicosin in healthy broil-
er chickens, when administered orally, 
indicate that the drug is well absorbed 
from the digestive tract, and the maxi-
mum concentration in serum is reached 
2 hours after ingestion. Similar results 
were obtained in other studies performed 
on laying hens and broiler chickens. In 
particular, the maximum tilmicosin con-
centration in the serum of laying hens 
was found after 2 h and was 1.28 μg/
mL, in broiler chickens – 1.297 μg/mL 
(Keles et al., 2001; Kowalski et al., 2002; 
Li, 2003). Other studies have shown 
that with a single internal application of 
tilmicosin to birds, the time to reach the 
maximum concentration in blood plasma 
is 2.5 hours. The antibiotic rapidly en-
tered organs and tissues, accumulated in 
macrophages and lung tissues, where its 
concentrations were higher than in blood 
plasma (El-Ela et al., 2015). 

The research results of the pharma-
cokinetics of tilmicosin presented in 
the scientific literature apply mainly to 
healthy animals and poultry. There is no 
information on the intake, distribution, 

and excretion of tilmicosin from broiler 
chickens with ornithobacteriosis.

The purpose of the research is to 
investigate tilmicosin phosphate intake, 
distribution, and excretion when using 
it in the form of the drug Tilmox 25% in 
the body of broiler chickens with orni-
thobacteriosis.

Materials and methods 
of research 

The research was conducted on the 
basis of one of the poultry farms in the 
Ivano-Frankivsk region. For research, 
20 broiler chickens of Cobb-500 cross 
aged 25 days, with an average body 
weight of 1200 g were used. Bacteriolog-
ical examination in birds diagnosed orni-
thobacteriosis, which in some individu-
als was complicated by Escherichia coli. 

Before performing the experiment, 
5 sick broiler chickens in a state of light 
ether anesthesia were slaughtered and the 
lungs and trachea were taken for micro-
scopic examinations and the tracheal wash-
es – for bacteriological examinations. 

The effectiveness of the treatment 
was monitored by clinical indicators 
and microscopic changes in the studied 
organs of broiler chickens on the second 
and fourth days after administration of 
Tilmox 25%. To do this, 3 chickens un-
der light ether anesthesia were slaugh-
tered and the lungs and trachea were 
removed again.

To detect the causative agent of 
pneumonia and aerosaculitis, from a 
bird slaughtered in a state of light ether 
anesthesia, washes were removed from 
the tracheal mucosa using a sterile ap-
plicator SWAB (Biomerieux). Selected 
material from the tracheal mucosa was 
sieved by direct seeding on blood agar. 
Cultivation was performed under mi-
croaerophilic conditions at a tempera-
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ture of 37 ºC for 48 hours. After culti-
vation, the growth of small matte gray 
colonies was found. 

The two-day culture was identified 
by the method of MALDI TOF mass 
spectrometry by direct deposition.

Antibiotic sensitivity of the isolated 
culture of microorganisms was deter-
mined using the disc-diffusion method. 
From pure daily culture, a suspension was 
prepared in a sterile isotonic sodium chlo-
ride solution on a turbidity scale of 0.5 
(according to McFarland). Mueller-Hin-
ton blood agar (Biomerieux) was inocu-
lated with the suspension and antibiotic 
discs were spread on the surface. The cul-
ture of the isolated microorganisms was 
cultured in Petri dishes at a temperature 
of 37 °C for 24 hours. After cultivation, 
growth retardation zones were measured 
according to CLSI: M31-A3. 

For studies, a solution of the drug 
Tilmox 25% of the AVICO trademark 
(active substance – tilmicosin phosphate) 
was used, which in an amount of 0.3 ml 
was mixed with 1 liter of drinking water.

The tilmox solution was fed to 
broiler chickens for 96 hours instead of 
drinking water, according to the recom-
mended scheme used in industrial poul-
try farming. For birds feeding, the com-
plete feed was used taking into account 
the technological scheme of growing. 

Three chickens in a state of light ether 
anesthesia were slaughtered in 24, 48, 
72, and 96 hours after the start of feeding 
a solution of Tilmox 25%, and the lungs, 
liver, kidneys, heart, pectoral muscles 
were taken to control tilmicosin phos-
phate entry and distribution in the body 
of broiler chickens with ornithobacterio-
sis, and 24 hours after discontinuation of 
a tilmox solution (i.e. 120 hours after the 
start of the experiment) to control its con-
tent in the internal organs and excretion. 
Selected samples were frozen.

Tilmicosin phosphate detection by 
liquid chromatography spectrometry was 
performed after pre-extraction with ace-
tonitrile and subsequent purification of 
the samples. Extraction, concentration, 
and purification of test samples were 
performed on solid-phase extraction col-
umns. Tilmicosin phosphate was extract-
ed from the column with eluent. Identifi-
cation was carried out by retention time 
and quantification – by the method of 
external standards, by the area of peaks. 
Detection was performed using Waters 
LC-MS-MS liquid chromatograph with a 
Premier XE tandem quadrupole detector. 
The results of the study were calculated 
by the methods of variation statistics.

Results of the research 
and their discussion

Clinical examination of sick broiler 
chickens showed general depression, 
plumage, apathy, and refusal to feed. 
Nasal discharge and swelling of the 
nasal mucosa were observed in some 
individuals. Histological examinations 
of organs in broiler chickens with or-
nithobacteriosis revealed the presence 
of distinct microscopic changes. In the 
lungs, the lumens of most parabron-
chi were markedly reduced due to the 
swelling of their walls and infiltration, 
mainly by lymphocytes, among which a 
small number of monocytes and pseu-
do-eosinophils were found (Fig. 1, 2). 
The epithelium on the surface of the 
parabronchi was almost completely 
absent. Only a few flattened epithelial 
cells or their small groups were found.

Most of the air capillaries in all 
parabronchial complexes, without ex-
ception, were narrowed due to the 
marked expansion and overflow of 
blood capillaries. Instead, a small part 
of the air capillaries was clearly dilated 
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(Fig. 1–2), which, in our opinion, indi-
cated a compensatory response of the 
lungs to the loss of a significant part of 
the gas exchange surface. On the sur-
face of almost all air capillaries, the epi-
thelium was also absent (Fig. 3). 

All blood vessels of the lungs were 
clearly dilated, full of blood cells. In 
all cases, pronounced edema was found 
around the blood vessels, and hemor-
rhages were also found around some of 
them (Fig. 4). Hemorrhages were also 

        
Fig. 1. The lungs of a broiler chicken with ornithobacteriosis: 

parabronchial lumen (1), dilated air capillaries (2), narrowed air capillaries (3), 
unevenly swollen connective tissue (4). Hematoxylin Jill 2 and eosin

Fig. 2. The lungs of a broiler chicken with ornithobacteriosis: parabronchial 
lumen (1), absence of respiratory epithelium (2), lymphocytic infiltration, dilated 

blood-filled capillaries (3), hemorrhage (4). Hematoxylin Jill 2 and eosin
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found in the parenchyma of parabron-
chial complexes (Fig. 2).

The trachea was noticeably less affect-
ed than the lungs. The entire surface of the 
tracheal mucosa was covered with a fairly 
thick layer of thick mucus (Fig. 5). Part of 

the epithelial cells in the tracheal muco-
sa was destroyed and part became clearly 
flattened. All blood vessels of the mucous 
membrane were significantly dilated and 
overflowed with blood cells. The submu-
cosal base was clearly swollen. Instead, 

               

              

Fig. 3. The lungs of a broiler chicken with ornithobacteriosis: 
absence of respiratory epithelium in the air capillary (1), edema and lymphocytic 

infiltration of connective tissue between two adjacent parabronchial complexes (2). 
Hematoxylin Jill 2 and eosi

Fig. 4. The lungs of a broiler chicken with ornithobacteriosis: 
dilated blood-filled artery (1), edema and hemorrhage around the artery (2). 

Hematoxylin Jill 2 and eosin
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microscopic changes were not detected in 
the cartilage tissue.

Bacteriological examination with 
the determination by MALDI TOF mass 
spectrometry identified a culture of mi-
croorganisms isolated from the trachea 
as Ornithobacterium rhinotracheale.

According to the results of the antibiotic 
susceptibility reaction, it was found that the 
culture of Ornithobacteria isolated from the 
trachea is sensitive to doxycycline, tilmicosin, 
rifampicin, cefazolin, amoxiclav, and benzyl-
penicillin, moderately sensitive to enrofloxa-
cin, and resistant to gentamicin (Table 1).

In 24 hours after the start of feeding 
Tilmox 25% solution to broiler chickens 
with ornithobacteriosis, the highest content 
of its active substance (tilmicosin phosphate) 
was found in the lungs, much less in the liver, 
and least in the kidneys, heart, and pectoral 
muscles (Table 2). During this research pe-
riod, the tilmicosin phosphate content in the 
lungs was 1.6 times, 3.0, 3.4, and 3.5 times 
higher than in the liver, kidneys, heart, and 
pectoral muscles, respectively (Table 2). 

Feeding Tilmox 25% solution to broil-
er chickens the next day was accompanied 
by a slight increase in tilmicosin phos-
phate content in all studied organs. In par-
ticular, 48 hours after the start of drinking 
tilmox solution, the tilmicosin phosphate 
content was higher in the lungs by 14%, 
liver – by 6%, kidneys – by 17%, heart – 
by 19%, pectoral muscles – by 3%.

As in previous study periods, 72 hours 
after the start of feeding tilmox solution 
to broiler chickens, tilmicosin phosphate 
was highest in the lungs, less in the liver, 
and least in the kidneys, heart, and pecto-
ral muscles. Tilmicosin phosphate levels 
in the lungs during this study period were 
1.8 times, 2.7, 2.9, and 3.9 times higher 
than in the liver, kidneys, heart, and pec-
toral muscles, respectively.

In 96 hours after drinking tilmox solu-
tion, the tilmicosin phosphate content 
in the lungs, liver, kidneys, and pectoral 
muscles reached maximum values for the 
entire study period and exceeded the val-
ues observed at 24 hours in the lungs by 

         
Fig. 5. The trachea of a broiler chicken with ornithobacteriosis: 

mucus on the surface of the mucosa (1), destruction of the epithelium (2), 
foci of edema (3), dilated blood-filled vein (4), edema of the submucosal base (5). 

Hematoxylin Jill 2 and eosin
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17%, liver – by 8%, kidneys – by 32%, 
pectoral muscles – by 4%. The tilmicosin 
phosphate content in the heart muscle in 
this study period decreased compared to 
72 hours by 29% and was even lower than 
after 24 hours by 4% (Table 2). 

The obtained research results convinc-
ingly prove that tilmicosin phosphate in 
the body of broiler chickens with ornitho-
bacteriosis during the period of feeding 
Tilmox 25% solution in maximum quan-
tities is distributed in the lung tissue.

Although tilmicosin phosphate was 
distributed in maximum amounts in 

lung tissue, there is no reason to assert 
material accumulation in this organ, as 
its rate increased only by 17% during the 
period from 24 to 96 hours of drinking 
tilmox solution (Table 2). We believe 
that the tilmicosin phosphate distribu-
tion in the largest quantities in the lungs 
indicates its organ affiliation, which is 
of great practical importance in bacteri-
al diseases of birds with respiratory le-
sions, in particular in ornithobacteriosis. 

Higher levels of tilmicosin phos-
phate in the liver and kidneys than in 
the heart and pectoral muscles are ex-

1. Antibiotic sensitivity of Ornithobacterium rhinotracheale culture isolated 
from the trachea in broiler chickens 

Antibiotic
Code 

(antibiotic 
content in the 

disk, μg/g)

The zones’ sizes interpretation 
of growth retardation Growth 

retardation 
zone, mm

Research 
result R 

Resistant
I Moderately 

sensitive
S 

Sensitive
Erythromycin E10 ≤ 20 21–22 ≥ 23 0 Resistant

Enrofloxacin EX10 ≤ 18 19–22 ≥ 23 20 Moderately 
sensitive

Oxytetracycline O30 ≤ 24 (22) – ≥ 24 22 Resistant
Benzylpenicillin 
(penicillin-G) P1 ≤ 17 – ≥ 17 19 Sensitive

Amoxiclav AMC30 ≤ 15 – ≥ 15 28 Sensitive
Gentamicin GEN30 ≤ 23 – ≤ 23 8 Resistant
Cefazolin CZ30 ≤ 14 15–17 ≥ 18 22 Sensitive
Rifampicin RIF15 ≤ 16 17–19 ≥ 20 21 Sensitive
Doxycycline DO30 ≤ 20 21–24 ≥ 25 20 Sensitive
Tilmicosin TL15 ≤ 13 14–20 ≥ 21 21 Sensitive 

2. Tilmicosin phosphate content in organs and tissues of broiler chickens 
with ornithobacteriosis while feeding a tilmox solution, μg/g (M ± m, n = 3)

Organ/tissue
Research time, hours

24 48 72 96 120
Pectoral muscles 3.18 ± 0.02 3.27 ± 0.02 3.29 ± 0.03 3.31 ± 0.01 1.14 ± 0.01
Kidneys 3.66 ± 0.28 4.27 ± 0.13 4.78 ± 0.12 4.84 ± 0.05 2.75 ± 0.15
Liver 6.73 ± 0.27 7.11 ± 0.07 7.22 ± 0.05 7.25 ± 0.07 3.65 ± 0.05
Lungs 11.05 ± 0.04 12.57 ± 0.34 12.72 ± 0.28 12.91 ± 0.06 6.88 ± 0.37
Heart 3.25 ± 0.03 3.86 ± 0.15 4.37 ± 0.55 3.11 ± 0.03 2.13 ± 0.03
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plained by better blood supply to these 
organs, as well as participation in the 
processes of biotransformation and ex-
cretion from the body.

After the application of tilmicosin 
to broiler chickens, cellular detritus and 

erythrocytes were detected in the lungs 
and lumen of the parabronchi for the sec-
ond day, which, in our opinion, testified to 
the processes of organ cleansing (Fig. 6). 

No marked inflammatory reaction 
was observed, although the walls of the 

         
Fig. 6. The lungs of a broiler chicken with ornithobacteriosis on the 2nd day 

of the treatment with tilmicosin: cellular detritus and red blood cells in the 
lumen of the parabronchia (1), edema of the parabronchial wall (2), air capillaries 

(3). Hematoxylin Jill 2 and eosin

Fig. 7. The lungs of a broiler chicken with ornithobacteriosis on the 4th day 
of the treatment with tilmicosin: lumen of the parabronchia (1), dilation and 
overflow of blood vessels (2), air capillaries (3). Hematoxylin Jill 2 and eosin
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parabronchi were swollen. The air capillar-
ies were dilated. Small groups of narrowed 
air capillaries were found only in some 
places (Fig. 6). Such changes testified to 
more intensive functioning of the lungs. 

Only slight dilation and overflow of 
mucosal blood vessels were observed in 
the trachea.

On the 4th day after the tilmicosin 
application, there was the only hyper-
emia in the lungs (Fig. 7). In the trachea, 
no microscopic changes were detected 
(Fig. 8).

After cessation of feeding broiler 
chickens with a tilmox solution, the 
content of its active substance (tilmico-
sin phosphate) in the internal organs has 
decreased (Table 1). Thus, in a day af-
ter discontinuation of Tilmox 25% (120 
hours of the experiment), the tilmicosin 
phosphate content in the lungs, liver, 
kidneys, heart, and pectoral muscles 
was lower than in 96 hours by 47%, 50, 
43, 32, and 66%, respectively, which, in 
our opinion, provides a long-lasting an-
timicrobial effect.

Conclusions and future 
perspectives

In the lungs of broiler chickens with 
ornithobacteriosis, microscopic changes 
were characterized by a decrease in the 
lumen of the parabronchi due to swelling 
of their walls and infiltration, mainly by 
lymphocytes, lack of epithelium on the 
surface of the parabronchi; narrowing of 
air capillaries in parabronchial complex-
es; hemorrhages in the parenchyma of 
parabronchial complexes; dilation of the 
vessels in the lungs, their overflow with 
blood cells and edema around the vessels.

Microscopic changes in the trachea were 
characterized by the destruction of the part of 
epithelial cells in the mucosa and the rest of 
them became clearly flattened; swelling of 
the submucosal base; dilation and overflow 
of mucosal blood vessels with blood cells. 

When feeding Tilmox 25% solution 
to broiler chickens with ornithobacte-
riosis according to the recommended 
scheme, the highest content of its active 
substance (tilmicosin phosphate) was 

          
Fig. 8. The trachea of a broiler chicken with ornithobacteriosis on the 4th 

day of the treatment with tilmicosin: epithelium of the mucous membrane (1), 
mucous membrane (2), cartilage (3). Hematoxylin Jill 2 and eosin
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found in the lungs in all research peri-
ods, much less in the liver and least in 
the kidneys, heart, and pectoral muscles.

The tilmicosin phosphate distribu-
tion in the maximum amounts in the 
lungs indicates its organ affiliation and 
minor fluctuations in the drug concen-
tration during different research periods 
– the lack of cumulative properties. 

In a day (120 hours of the experiment) 
after discontinuation of Tilmox 25% solu-
tion in broiler chickens with ornithobac-
teriosis, the tilmicosin phosphate content 
in the lungs, liver, kidneys, heart, and 
pectoral muscles was 53%, 50, 57, 68, 
and 34%, respectively, up to 96 hours. Re-
sidual amounts of tilmicosin phosphate in 
the avian internal organs – 50% or more 
in a day after discontinuation of feeding 
tilmox solution indicate a long half-life, 
and hence a long antimicrobial effect.

The high sensitivity of Ornithobac-
terium rhinotracheale culture to tilmi-
cosin and its maximum distribution in 
the lung tissue in broiler chickens with 
ornithobacteriosis, gives reason to rec-
ommend Tilmox 25% for practical use. 

In four days after Tilmox 25% appli-
cation to broiler chickens with ornitho-
bacteriosis, only hyperemia in the lungs 
was observed, and no changes in the 
trachea, which are signs of the micro-
scopic structure restoration. 

To study the pharmacokinetic charac-
teristics of antibiotics of other groups in 
broiler chickens with ornithobacteriosis 
are the prospects for our further research.
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Анотація. Одним з основних показників, що визначають ефективність антибіотика в 

організмі, є його здатність проникати та накопичуватись у високих концентраціях у місцях 
патологічного процесу. У статті наведено результати досліджень надходження, розподілу 
та виведення тилмікозину фосфату – діючої речовини антибіотика тилмокс 25% з організ-
му курчат-бройлерів кросу КОББ-500, хворих на орнітобактеріоз. Встановлено, що через 24 
год від початку випоювання розчину препарату тилмокс 25% курчатам-бройлерам, хворим 
на орнітобактеріоз, найбільше тилмікозину фосфату містилося в легенях, тоді як у печінці 
менше в 1,6 раза, нирках – у 3,0 раза, серцевому м’язі – у 3,4 раза, грудних м’язах – у 3,5 раза, 
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ніж у легенях. Через 48 та 72 год вміст тилмікозину зростав в усіх досліджуваних органах, 
але закономірність його розподілу була такою ж, як і через 24 год. Вміст тилмікозину фос-
фату в легенях на 72 год досліду переважав вміст в печінці, нирках, серцевому та грудних 
м’язах відповідно в 1,8 раза, 2,7, 2,9 та 3,9 раза. На 96 год вміст тилмікозину був максималь-
ним у грудних м’язах, нирках, печінці, легенях, лише в серці його містилося дещо менше, ніж 
у попередні періоди досліджень. Отримані результати засвідчують органну приналежність 
тилмікозину фосфату до тканин легень у курчат-бройлерів, хворих на орнітобактеріоз. Че-
рез добу (на 120 год досліду) після припинення застосування тилмоксу 25%, вміст тилміко-
зину фосфату в легенях, печінці, нирках, серцевому та грудних м’язах курчат-бройлерів ста-
новив відповідно 53%, 50, 57, 68 та 34% до показника на 96 год. Чутливість Ornithobacterium 
rhinotracheale до тилмікозину та його розподіл у максимальних кількостях у легенях кур-
чат-бройлерів, хворих на орнітобактеріоз, забезпечувало лікувальний ефект, що підтвер-
джено результатами мікроскопічних досліджень.  

Дослідження щодо фармакокінетичних властивостей тилмікозину виконані, в основному, 
на здоровій птиці. Тому, оптимізація схем лікування вже відомих антибіотиків, яка буде ґрун-
туватися на дослідженні фармакокінетичних і фармакодинамічних властивостей не тільки 
на клінічно здорових, але й на хворих організмах є актуальним та важливим питанням у галузі 
ветеринарної фармакології.

Клю чові слова: тилмокс 25%, тилмікозину фосфат, курчата-бройлери, орнітобактеріоз, 
Ornithobacterium rhinotracheale, фармакокінетика, розподіл, накопичення, виведення
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Abstract. The studies were conducted on 2–3 months old males of C57BL/6 mice, weighing 
20–24 g. Our work aimed at studying the funcƟonal state of the organs of the immune system 
in mice aŌer administraƟon of allogeneic mesenchymal stem cells of adipose Ɵssue origin. 
Obtaining and culƟvaƟng mesenchymal stem cells were carried out in a sterile laminar box 
with compliance of asepsis and anƟsepƟc condiƟons. The abdominal adipose Ɵssue from 
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C57BL/6 mice was cultured in a CO2 incubator at 37 °C and 5% CO2 in DMEM with 10–15% of 
fetal bovine serum, 1% of anƟbioƟc/anƟmycoƟc soluƟon (Sigma-Aldrich, USA). The following 
groups of animals were formed: 1 group – intact (control); 2 group – animals, to whom 
0.5 cm3 of 0.9% NaCl soluƟon (placebo) were injected into the caudal vein; 3 group – 
animals, to whom 104 of allogeneic mesenchymal stem cells from adipose Ɵssue in 0.5 cm3 of 
phosphate buffer soluƟon were injected into the caudal vein. The weight index, the content of 
lymphoid cells in the thymus and spleen in C57BL/6 mice were examined on days 7, 18, and 
25 aŌer the administraƟon of mesenchymal stem cells. To assess the lymphocyte content in 
lymphoid organs, they were weighed (whole thymus, 50 mg of spleen), triturated, and filtered 
through the nylon cloth. AŌer that, the Ɵssue homogenate was applied to Ficoll-Urografin 
density gradient (d = 1.077) in a raƟo of 3:2. The test tubes were centrifuged at 1500 rpm for 
30–40 minutes. AŌer centrifugaƟon, plasma and layer of lymphocytes were above the density 
gradient; lymphocytes were collected by a Pasteur pipeƩe and washed twice with an arbitrary 
amount of Hank’s soluƟon by centrifugaƟon at 1500 rpm for 10 minutes. AŌer washing, 1 cm3 
of Hank’s soluƟon was added to lymphocytes and they were counted in the Goryaev chamber. 
CalculaƟon of the cellularity of lymphoid organs was performed in 1 mg of Ɵssue.

The transplantaƟon of allogeneic adipose-derived mesenchymal stem cells affects the 
central and peripheral organs of the immune system. AdministraƟon of allogeneic adipose-
derived mesenchymal stem cells causes a significant increase in the content of lymphoid cells 
in the thymus on days 7, 18, and 25 by 71%, 57, and 53% (P < 0.05), respecƟvely, compared 
to the control. At the 7 and 18 days of the immune response, lymphoid cell content in the 
spleen significantly increases by 33%  (P < 0.01) and 19% (P < 0.05), respecƟvely, compared 
to the control under the administraƟon of allogeneic adipose-derived mesenchymal stem 
cells. On day 25, values of lymphoid cell content and spleen index return to normal. The 
thymus and spleen weight indices directly correlate with their lymphoid cell content.

Keywords: mice, weight index, lymphoid cells, thymus, spleen, allogeneic mesen-
chymal stem cells, adipose Ɵssue 

Introduction

Important biological features of mes-
enchymal stem cells (MSCs), in particular, 
the ability to migrate to the inflammation 
site, low immunogenicity, immunomodu-
latory activity, and the ability to stimulate 
hemopoiesis, make them potentially active 
regulators of reparative processes (Klad-
nytska et al., 2014). 

At the present stage of the develop-
ment of biological sciences, different 
approaches are developed for the use of 
MSCs in the treatment of various diseases, 
and several preclinical and clinical trials 
have already been conducted, the results 

of which have shown the effectiveness of 
their application (Haghighat et al., 2011; 
Reich et al., 2012; Arnhold & Wenisch, 
2015; Jakobsen et al., 2017).

An alternative source of MSCs is adipose 
tissue, which contains stem cells in a higher 
percentage than bone marrow. Obtaining ad-
ipose tissue is a less traumatic procedure for 
the donor than the obtaining of bone marrow 
both during the process of primary material 
obtaining and postoperative period (Marx et 
al., 2014; Kladnytska et al., 2017).

Regardless of MSCs origin, they 
have pronounced immunosuppressive 
activity: they block in vitro differentia-
tion of naive CD4+ T cells in Th17 and 
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suppress the synthesis of many cytokines 
such as IL-17, IL-22, interferon-gamma, 
and TNFα (Bartholomew et al., 2002; 
Gryschenko & Tomchuk, 2013). 

Despite the large number of publi-
cations confirming the immunosuppres-
sive properties of MSCs, some works 
deny such effects on immune responses 
(Di Nicola et al., 2002; Aggarwal & Pit-
tenger, 2005; Djouad et al., 2005). 

Thus, it was found that transplantation of 
MSCs stimulates antibody production and 
increases the cellularity of the bone marrow 
in recipients. With increasing the number of 
administered cells, a significant increase in 
the thymus cellularity and decrease in spleen 
cellularity were recorded. The authors sug-
gest that a significant dose of MSCs creates 
a suppressive microenvironment for lym-
phoid cells that is accompanied by the inhi-
bition of the immune response (Le Blanc et 
al., 2003; Batten et al., 2006; Lu et al., 2009).

Opposite, a small number of trans-
planted cells due to homing is collected in 
the bone marrow niches, contributing to 
hematopoiesis, where the myeloid sprout 
can act as an impressive factor in natural 
immunity (Nikolskaya et al., 2012).

So, it is not well known about the effect 
of MSCs on the response of the immune or-
gans, in particular, on the functional state of 
the thymus and spleen. Taking into account 
such controversial data on the influence of 
MSCs on the organs of the immune sys-
tem, these issues require further research.

The purpose of our work was to study 
the functional state of the organs of the im-
mune system in C57BL/6 mice after the 
administration of allogeneic adipose MSCs.

Materials and methods 
of researches 

The studies were carried out on 2–3 
months old males of C57BL/6 mice, weigh-
ing 20–24 g. All experiments were conduct-

ed in accordance with the Good Laborato-
ry Practices regulations in research studies 
using animals, the Law of Ukraine On the 
Protection of Animals from Brutal Treat-
ment, and the European Convention for the 
Protection of Vertebrate Animals used for 
Experimental and other Scientific Purposes.

MSCs obtaining from adipose tissue. 
Obtaining and cultivating adipose MSCs 
(aMSCs) were carried out in a sterile lam-
inar box with compliance of asepsis and 
antiseptic conditions. The mice were eu-
thanized, samples of abdominal adipose 
tissue were washed three times with sterile 
phosphate buffer solution with the addi-
tion of 1% antibiotic/antimycotic solution 
(Sigma-Aldrich, USA). Then samples of 
adipose tissue were chopped into pieces 
of 1–3 mm3 and placed to culture dishes 
filled with DMEM, 10–15% of fetal bo-
vine serum, 1% antibiotic/antimycotic 
solution (Sigma-Aldrich, USA) and cul-
tured in a CO2 incubator at 37 0C and 5% 
CO2. The culture medium was partially 
or completely changed by fresh medium 
every 3 days during cultivation. After 
formation of cell monolayer by 80–90%, 
cells were removed with trypsin/ethylene-
diaminetetraacetic acid solution (EDTA), 
washed with phosphate buffer, and placed 
into Petri dishes for further cultivation. 
Cell passaging provided a reduction in the 
heterogeneity of cell culture and the de-
velopment of biological material for trans-
plantation (Kladnytska et al., 2016). MSCs 
at passage 4 were used for transplantation.

MSC administration to mice. The fol-
lowing groups of animals were formed: 
1 – intact (control); 2 – animals, to whom 
0.5 mL of 0.9% NaCl solution (placebo) 
were injected into the caudal vein; 3 – an-
imals, to whom 104 of allogeneic aMSCs 
in 0.5 mL of phosphate buffer solution 
were injected into the caudal vein.

Estimation of the thymic and splenic 
weight indices in mice after aMSC admin-
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istration. Indicators of the weight of periph-
eral lymphoid organs relative to the body 
weight (weight index) of animals were 
evaluated on days 7, 18, and 25 after aMSC 
administration. The mice were pre-weighed 
for weight control. At each experimental 
period, 3 animals were euthanized in each 
group and the weight index of lymphoid 
organs and their cellularity were studied. 
Euthanasia of animals was carried out using 
carbon dioxide; lymphoid organs (thymus 
and spleen) were removed and their mass 
was determined. Indices of lymphoid organs 
in relation to the weight of the animal were 
calculated according to the formula:

Evaluation of the thymic and splenic 
cellularity after aMSC administration. To 
assess the content of lymphocytes in lym-
phoid organs, the latter were weighed. The 
whole thymus and 50 mg of spleen were 
triturated and filtered through the nylon 
cloth. After that, the cell homogenate was 
applied to Ficoll-Urografin density gradi-
ent (d = 1.077) in a ratio of 3:2. The test 
tubes were centrifuged at a rate of 1500 
rpm for 30–40 minutes. After centrifuga-
tion, the layer of lymphocytes, which was 
located above the density gradient, was 
collected by a Pasteur pipette and washed 
twice with an arbitrary amount of Hank’s 
solution by centrifugation at a rate of 1500 
rpm for 10 minutes. After washing, 1 ml of 
Hank’s solution was added to lymphocytes. 
Lymphocytes were counted in the Goryaev 

chamber. Calculation of the lymphoid or-
gan cells was performed on 1 mg of tissue.

Results of the research 
and their discussion

The functional state of the organs of 
immunogenesis largely depends on the 
ratio of processes of immune cell pro-
liferation and apoptosis, that almost are 
not studied after MSC administration.

After allogeneic aMSC administration, 
the content of lymphoid cells in the thy-
mus on days 7, 18, and 25 significantly in-
creased by 71%, 57, and 53%, respectively, 
compared with control animals (Table 1). 

 Compared with a placebo group, the 
content of lymphoid cells in the thymus 
was significantly increased by 42%, 69, 
and 86%, respectively. The increase in thy-
mic cellularity is associated with the acti-
vation of residential thymocyte prolifera-
tion due to antigenic stimulation by MSCs 
that is consistent with the studies of Huang 
et al. (2009). The thymus contains T lym-
phoblasts, immature and mature lympho-
cytes, supporting and secretory cells of the 
thymus stromal component (Fig. 2).

A positive correlation between the 
content of lymphoid cells and thymic 
weight index was found 7 days after 
aMSCs administration. Thymic weight 
index directly correlates with the con-
tent of lymphoid cells and its value was 

1. The content of lymphoid cells and the weight index of the thymus 
in C57BL/6 mice after allogeneic aMSC administration (M ± m, n = 9)

Day 
The content of lymphoid cells, x 106/mg thymic weight index 

after administration
of aMSC, %intact (n = 6) administration of 0.89% 

NaCl, placebo (n = 9)
administration 

of aMSCs (n = 9)
7 1.4 ± 0.1 1.9 ± 0.2 2.7 ± 0.1* v 0.19 ± 0.03* v
18 1.4 ± 0.1 1.3 ± 0.1 2.2 ± 0.1* v 0.16 ± 0.01* v
25 1.7 ± 0.1 1.4 ± 0.1 2.6 ± 0.3* vv 0.17 ± 0.01* v

Note: * P < 0.05, ** P < 0.01 compared to intact animals; v P < 0.05, vv P < 0.01 compared 
to placebo group.
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r = 0.57 (P < 0.01) on day 7 and r = 0.50 
P < 0.05 on day 18 of the experiment.

Under the influence of MSCs from ad-
ipose tissue, the indicator of splenic weight 
index was significantly increased until day 
18 of the experiment (Table 2). On day 25, 
the splenic weight index did not signifi-
cantly differ from that in the experimental 
group and placebo animals, but only ob-
served a tendency to increase it.

The spleen, as the peripheral organ 
of the immune system, is also involved 
in the process of forming an immune re-
sponse to the antigen. After MSC admin-
istration, the content of lymphoid cells 
in the spleen significantly exceeded the 
parameters of spleen cellularity in intact 
animals (Table 2). Smear-imprint con-
tains erythroid cells, neutrophil granulo-
cytes, monocytes. and lymphoid cells. 

The number of lymphoid cells signifi-
cantly increased by 33 and 24% compared 

to intact animals and the placebo group on 
day 7 of the experiment. On day 18 of the 
experiment, the spleen cellularity under 
the influence of MSCs from adipose tissue 
was significantly higher by 19 and 14%, 
respectively. On day 25 of the experiment, 
the lymphoid cell count was higher by 7 
and 15% within the tendency.

The splenic weight index directly 
correlates with the content of lymphoid 
cells in them r = 0.91 (P < 0.001), r = 0.94 
(P < 0.001), r = 0.92 (P < 0.001) on day 7, 
18 and 25 of the experiment, respectively. 
Such changes indicate a direct reaction of 
the spleen to the administration of alloge-
neic MSC from adipose tissue.

Thus, the administration of allogeneic 
MSCs isolated from adipose tissue from 
C57Bl/6 mice causes systemic effects on 
the thymus and spleen. As a result of anti-
genic stimulation by allogeneic stem cells, 
there is an increase in mitotic activity of thy-

Fig. 2. Thymic cellularity on day 7 of the experiment: 
A – intact group, B – after aMSC administration (smear-imprint, x 400)

A B

2. The content of lymphoid cells and splenic weight index 
in C57BL/6 mice after allogeneic aMSC administration (M ± m)

Day 
The content of lymphoid cells, x 106/mg Splenic weight index 

after administration 
of aMSC, %intact (n = 6) administration of 0.89% 

NaCl, placebo (n = 9) 
administration of 
aMSCs (n = 9)

7 2.7 ± 0.1 2.9 ± 0.1 3.6 ± 1.1**vv 0.79 ± 0.04* v
18 2.7 ± 0.1 2.8 ± 0.4 3.2 ± 0.1*v 0.79 ± 0.04* v
25 2.7 ± 0.1 2.5 ± 0.1 2.9 ± 0.1 0.46 ± 0.03

Note: * P < 0.05, ** P < 0.01 compared to intact animals; v P < 0.5, vv P < 0.01 compared to 
placebo group.
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mocytes and splenocytes. Despite numerous 
publications that reveal the immunological 
properties of cells and confirm the presence 
of immunosuppressive effects, the results of 
individual scientific studies show that MSCs 
under certain conditions can be eliminated 
by cells of the immune system in recipient 
animals since they have signs of foreignness 
(Huang et al., 2009).

The increase in the content of lym-
phoid cells in the thymus and spleen after 
aMSC administration in our mind may 
be due to the heterogeneity of introduced 
cell cultures, an insufficient number of 
introduced cells for the implementation 
of immunosuppressive effect, as well as 
low concentration of immunosuppres-
sive factors synthesized by MSCs.

Conclusion

1.  The administration of allogeneic 
adipose-derived mesenchymal stem 
cells affects the central and periph-
eral organs of the immune system.

2.  Administration of allogeneic adi-
pose-derived mesenchymal stem 
cells causes a significant increase 
in the content of lymphoid cells 
in the thymus by 71, 57, and 53% 
(P < 0.05) on days 7, 18, and 25, re-
spectively, compared to the control.

3.  Thymic weight index directly correlates 
with the content of lymphoid cells and 

its value was r = 0.57 (P < 0.01) on day 
7 and r = 0.50 (P <0.05) on day 18.

4.  Lymphoid cell count in the spleen sig-
nificantly increase on days 7 and 18 of 
the immune response by 33 (P < 0.01) 
and 19 % (P < 0.05), respectively, com-
pared to the control under the admin-
istration of allogeneic adipose-derived 
mesenchymal stem cells.

5.  On the 25th day, the content of lym-
phoid cells in the spleen and spleen 
index values return to normal.

6.  Splenic weight index directly cor-
relates with the content of lymphoid 
cells in it – r = 0.91–0.94 (P < 0.001).
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Анотація. Дослідження проводили на самцях мишей C57BL/6 вагою 20–24 г, віком 2–3 мі-

сяці. Метою нашої роботи було вивчення функціонального стану органів імунної системи у 
мишей після введення алогенних мезенхімальних стовбурових клітин із жирової тканини. Ма-
ніпуляції з отримання первинного матеріалу та культивування мезенхімальних стовбурових 
клітин здійснювали в стерильному боксі з дотриманням усіх правил асептики й антисептики. 
Абдомінальну жирову тканину мишей C57BL/6 культивували у CO2 інкубаторі за температури 
37 °C і 5% CO2 в середовищі DMEM, з додаванням 10–15% фетальної сироватки бичків, 1% анти-
біотика-антимікотика (Sigma-Aldrich, USA). Для проведення досліджень було сформовано такі 
групи тварин: 1 група – інтактні (контрольна група); 2 група – тварини, яким у хвостову вену 
вводили 0,5 см3 0,9% розчину NaCl (плацебо); 3 група – тварини, яким у хвостову вену вводили 
104 алогенних мезенхімальних стовбурових клітин із жирової тканини в 0,5 см3 фосфатно-бу-
ферного розчину. Досліджували ваговий індекс, вміст лімфоїдних клітин тимусу та селезінки 
мишей C57BL/6 за введення мезенхімальних стовбурових клітин із жирової тканини. Для оці-
нювання вмісту лімфоцитів у лімфоїдних органах, останні зважували (тимус повністю), а 
селезінку – по 50 мг, потім розтирали та фільтрували через капронову тканину. Після цього 
гомогенат тканини наносили на градієнт фікол-верографіну (щільність 1,077) у співвідношен-
ні 3:2. Пробірки з вмістом центрифугували зі швидкістю 1500 об/хв., упродовж 30–40 хв. Після 
центрифугування над шаром градієнта залишається плазма й лімфоцити (не менше 90%), які 
збирали пастерівською піпеткою і двічі відмивали довільною кількістю розчину Хенкса за допо-
могою центрифугування за швидкості обертання 1500–1800 об/хв. упродовж 10 хв. Після від-
мивання до лімфоцитів додавали 1 см3 розчину Хенкса й підраховували їхню кількість у камері 
Горяєва. Розрахунок клітинності лімфоїдних органів проводили на 1 мг тканини.

Трансплантація алогенних мезенхімальних стовбурових клітин із жирової тканини чинить 
вплив на центральні й периферичні органи імунної системи. За впливу алогенних мезенхімальних 
стовбурових клітин із жирової тканини відбувається достовірне підвищення вмісту лімфоїдних 
клітин тимусу на ранніх і пізніх етапах імунної відповіді на 7, 18 та 25 добу відповідно на 71% , 57 і 53% 
(Р < 0,05) порівнюючи з контролем. Кількість лімфоїдних клітин у селезінці достовірно зростала 
на 7 та 18 добу імунної відповіді відповідно на 33%  та 19%, (P <0,01, P <0,05) порівнюючи з контр-
олем за введення алогенних мезенхімальних стовбурових клітин, одержаних із жирової тканини. 
На 25 добу показники вмісту лімфоїдних клітин та індексу селезінки повертаються до норми. Ін-
декси ваги тимуса й селезінки прямо корелюють з вмістом лімфоїдних клітин у цих органах.

Ключові слова: миші, ваговий індекс, лімфоїдні клітини, тимус, селезінка, алогенні 
мезенхімальні стовбурові клітини, жирова тканина
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Abstract. The studies were conducted on 2–3 months old males of C57BL/6 mice, weighing 
20–24 g. Our work aimed at studying the funcƟonal state of the organs of the immune system 
in mice aŌer administraƟon of allogeneic mesenchymal stem cells of adipose Ɵssue origin. 
Obtaining and culƟvaƟng mesenchymal stem cells were carried out in a sterile laminar box 
with compliance of asepsis and anƟsepƟc condiƟons. The abdominal adipose Ɵssue from 
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C57BL/6 mice was cultured in a CO2 incubator at 37 °C and 5% CO2 in DMEM with 10–15% of 
fetal bovine serum, 1% of anƟbioƟc/anƟmycoƟc soluƟon (Sigma-Aldrich, USA). The following 
groups of animals were formed: 1 group – intact (control); 2 group – animals, to whom 
0.5 cm3 of 0.9% NaCl soluƟon (placebo) were injected into the caudal vein; 3 group – 
animals, to whom 104 of allogeneic mesenchymal stem cells from adipose Ɵssue in 0.5 cm3 of 
phosphate buffer soluƟon were injected into the caudal vein. The weight index, the content of 
lymphoid cells in the thymus and spleen in C57BL/6 mice were examined on days 7, 18, and 
25 aŌer the administraƟon of mesenchymal stem cells. To assess the lymphocyte content in 
lymphoid organs, they were weighed (whole thymus, 50 mg of spleen), triturated, and filtered 
through the nylon cloth. AŌer that, the Ɵssue homogenate was applied to Ficoll-Urografin 
density gradient (d = 1.077) in a raƟo of 3:2. The test tubes were centrifuged at 1500 rpm for 
30–40 minutes. AŌer centrifugaƟon, plasma and layer of lymphocytes were above the density 
gradient; lymphocytes were collected by a Pasteur pipeƩe and washed twice with an arbitrary 
amount of Hank’s soluƟon by centrifugaƟon at 1500 rpm for 10 minutes. AŌer washing, 1 cm3 
of Hank’s soluƟon was added to lymphocytes and they were counted in the Goryaev chamber. 
CalculaƟon of the cellularity of lymphoid organs was performed in 1 mg of Ɵssue.

The transplantaƟon of allogeneic adipose-derived mesenchymal stem cells affects the 
central and peripheral organs of the immune system. AdministraƟon of allogeneic adipose-
derived mesenchymal stem cells causes a significant increase in the content of lymphoid cells 
in the thymus on days 7, 18, and 25 by 71%, 57, and 53% (P < 0.05), respecƟvely, compared 
to the control. At the 7 and 18 days of the immune response, lymphoid cell content in the 
spleen significantly increases by 33%  (P < 0.01) and 19% (P < 0.05), respecƟvely, compared 
to the control under the administraƟon of allogeneic adipose-derived mesenchymal stem 
cells. On day 25, values of lymphoid cell content and spleen index return to normal. The 
thymus and spleen weight indices directly correlate with their lymphoid cell content.

Keywords: mice, weight index, lymphoid cells, thymus, spleen, allogeneic mesen-
chymal stem cells, adipose Ɵssue 

Introduction

Important biological features of mes-
enchymal stem cells (MSCs), in particular, 
the ability to migrate to the inflammation 
site, low immunogenicity, immunomodu-
latory activity, and the ability to stimulate 
hemopoiesis, make them potentially active 
regulators of reparative processes (Klad-
nytska et al., 2014). 

At the present stage of the develop-
ment of biological sciences, different 
approaches are developed for the use of 
MSCs in the treatment of various diseases, 
and several preclinical and clinical trials 
have already been conducted, the results 

of which have shown the effectiveness of 
their application (Haghighat et al., 2011; 
Reich et al., 2012; Arnhold & Wenisch, 
2015; Jakobsen et al., 2017).

An alternative source of MSCs is adipose 
tissue, which contains stem cells in a higher 
percentage than bone marrow. Obtaining ad-
ipose tissue is a less traumatic procedure for 
the donor than the obtaining of bone marrow 
both during the process of primary material 
obtaining and postoperative period (Marx et 
al., 2014; Kladnytska et al., 2017).

Regardless of MSCs origin, they 
have pronounced immunosuppressive 
activity: they block in vitro differentia-
tion of naive CD4+ T cells in Th17 and 
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suppress the synthesis of many cytokines 
such as IL-17, IL-22, interferon-gamma, 
and TNFα (Bartholomew et al., 2002; 
Gryschenko & Tomchuk, 2013). 

Despite the large number of publi-
cations confirming the immunosuppres-
sive properties of MSCs, some works 
deny such effects on immune responses 
(Di Nicola et al., 2002; Aggarwal & Pit-
tenger, 2005; Djouad et al., 2005). 

Thus, it was found that transplantation of 
MSCs stimulates antibody production and 
increases the cellularity of the bone marrow 
in recipients. With increasing the number of 
administered cells, a significant increase in 
the thymus cellularity and decrease in spleen 
cellularity were recorded. The authors sug-
gest that a significant dose of MSCs creates 
a suppressive microenvironment for lym-
phoid cells that is accompanied by the inhi-
bition of the immune response (Le Blanc et 
al., 2003; Batten et al., 2006; Lu et al., 2009).

Opposite, a small number of trans-
planted cells due to homing is collected in 
the bone marrow niches, contributing to 
hematopoiesis, where the myeloid sprout 
can act as an impressive factor in natural 
immunity (Nikolskaya et al., 2012).

So, it is not well known about the effect 
of MSCs on the response of the immune or-
gans, in particular, on the functional state of 
the thymus and spleen. Taking into account 
such controversial data on the influence of 
MSCs on the organs of the immune sys-
tem, these issues require further research.

The purpose of our work was to study 
the functional state of the organs of the im-
mune system in C57BL/6 mice after the 
administration of allogeneic adipose MSCs.

Materials and methods 
of researches 

The studies were carried out on 2–3 
months old males of C57BL/6 mice, weigh-
ing 20–24 g. All experiments were conduct-

ed in accordance with the Good Laborato-
ry Practices regulations in research studies 
using animals, the Law of Ukraine On the 
Protection of Animals from Brutal Treat-
ment, and the European Convention for the 
Protection of Vertebrate Animals used for 
Experimental and other Scientific Purposes.

MSCs obtaining from adipose tissue. 
Obtaining and cultivating adipose MSCs 
(aMSCs) were carried out in a sterile lam-
inar box with compliance of asepsis and 
antiseptic conditions. The mice were eu-
thanized, samples of abdominal adipose 
tissue were washed three times with sterile 
phosphate buffer solution with the addi-
tion of 1% antibiotic/antimycotic solution 
(Sigma-Aldrich, USA). Then samples of 
adipose tissue were chopped into pieces 
of 1–3 mm3 and placed to culture dishes 
filled with DMEM, 10–15% of fetal bo-
vine serum, 1% antibiotic/antimycotic 
solution (Sigma-Aldrich, USA) and cul-
tured in a CO2 incubator at 37 0C and 5% 
CO2. The culture medium was partially 
or completely changed by fresh medium 
every 3 days during cultivation. After 
formation of cell monolayer by 80–90%, 
cells were removed with trypsin/ethylene-
diaminetetraacetic acid solution (EDTA), 
washed with phosphate buffer, and placed 
into Petri dishes for further cultivation. 
Cell passaging provided a reduction in the 
heterogeneity of cell culture and the de-
velopment of biological material for trans-
plantation (Kladnytska et al., 2016). MSCs 
at passage 4 were used for transplantation.

MSC administration to mice. The fol-
lowing groups of animals were formed: 
1 – intact (control); 2 – animals, to whom 
0.5 mL of 0.9% NaCl solution (placebo) 
were injected into the caudal vein; 3 – an-
imals, to whom 104 of allogeneic aMSCs 
in 0.5 mL of phosphate buffer solution 
were injected into the caudal vein.

Estimation of the thymic and splenic 
weight indices in mice after aMSC admin-
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istration. Indicators of the weight of periph-
eral lymphoid organs relative to the body 
weight (weight index) of animals were 
evaluated on days 7, 18, and 25 after aMSC 
administration. The mice were pre-weighed 
for weight control. At each experimental 
period, 3 animals were euthanized in each 
group and the weight index of lymphoid 
organs and their cellularity were studied. 
Euthanasia of animals was carried out using 
carbon dioxide; lymphoid organs (thymus 
and spleen) were removed and their mass 
was determined. Indices of lymphoid organs 
in relation to the weight of the animal were 
calculated according to the formula:

Evaluation of the thymic and splenic 
cellularity after aMSC administration. To 
assess the content of lymphocytes in lym-
phoid organs, the latter were weighed. The 
whole thymus and 50 mg of spleen were 
triturated and filtered through the nylon 
cloth. After that, the cell homogenate was 
applied to Ficoll-Urografin density gradi-
ent (d = 1.077) in a ratio of 3:2. The test 
tubes were centrifuged at a rate of 1500 
rpm for 30–40 minutes. After centrifuga-
tion, the layer of lymphocytes, which was 
located above the density gradient, was 
collected by a Pasteur pipette and washed 
twice with an arbitrary amount of Hank’s 
solution by centrifugation at a rate of 1500 
rpm for 10 minutes. After washing, 1 ml of 
Hank’s solution was added to lymphocytes. 
Lymphocytes were counted in the Goryaev 

chamber. Calculation of the lymphoid or-
gan cells was performed on 1 mg of tissue.

Results of the research 
and their discussion

The functional state of the organs of 
immunogenesis largely depends on the 
ratio of processes of immune cell pro-
liferation and apoptosis, that almost are 
not studied after MSC administration.

After allogeneic aMSC administration, 
the content of lymphoid cells in the thy-
mus on days 7, 18, and 25 significantly in-
creased by 71%, 57, and 53%, respectively, 
compared with control animals (Table 1). 

 Compared with a placebo group, the 
content of lymphoid cells in the thymus 
was significantly increased by 42%, 69, 
and 86%, respectively. The increase in thy-
mic cellularity is associated with the acti-
vation of residential thymocyte prolifera-
tion due to antigenic stimulation by MSCs 
that is consistent with the studies of Huang 
et al. (2009). The thymus contains T lym-
phoblasts, immature and mature lympho-
cytes, supporting and secretory cells of the 
thymus stromal component (Fig. 2).

A positive correlation between the 
content of lymphoid cells and thymic 
weight index was found 7 days after 
aMSCs administration. Thymic weight 
index directly correlates with the con-
tent of lymphoid cells and its value was 

1. The content of lymphoid cells and the weight index of the thymus 
in C57BL/6 mice after allogeneic aMSC administration (M ± m, n = 9)

Day 
The content of lymphoid cells, x 106/mg thymic weight index 

after administration
of aMSC, %intact (n = 6) administration of 0.89% 

NaCl, placebo (n = 9)
administration 

of aMSCs (n = 9)
7 1.4 ± 0.1 1.9 ± 0.2 2.7 ± 0.1* v 0.19 ± 0.03* v
18 1.4 ± 0.1 1.3 ± 0.1 2.2 ± 0.1* v 0.16 ± 0.01* v
25 1.7 ± 0.1 1.4 ± 0.1 2.6 ± 0.3* vv 0.17 ± 0.01* v

Note: * P < 0.05, ** P < 0.01 compared to intact animals; v P < 0.05, vv P < 0.01 compared 
to placebo group.
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r = 0.57 (P < 0.01) on day 7 and r = 0.50 
P < 0.05 on day 18 of the experiment.

Under the influence of MSCs from ad-
ipose tissue, the indicator of splenic weight 
index was significantly increased until day 
18 of the experiment (Table 2). On day 25, 
the splenic weight index did not signifi-
cantly differ from that in the experimental 
group and placebo animals, but only ob-
served a tendency to increase it.

The spleen, as the peripheral organ 
of the immune system, is also involved 
in the process of forming an immune re-
sponse to the antigen. After MSC admin-
istration, the content of lymphoid cells 
in the spleen significantly exceeded the 
parameters of spleen cellularity in intact 
animals (Table 2). Smear-imprint con-
tains erythroid cells, neutrophil granulo-
cytes, monocytes. and lymphoid cells. 

The number of lymphoid cells signifi-
cantly increased by 33 and 24% compared 

to intact animals and the placebo group on 
day 7 of the experiment. On day 18 of the 
experiment, the spleen cellularity under 
the influence of MSCs from adipose tissue 
was significantly higher by 19 and 14%, 
respectively. On day 25 of the experiment, 
the lymphoid cell count was higher by 7 
and 15% within the tendency.

The splenic weight index directly 
correlates with the content of lymphoid 
cells in them r = 0.91 (P < 0.001), r = 0.94 
(P < 0.001), r = 0.92 (P < 0.001) on day 7, 
18 and 25 of the experiment, respectively. 
Such changes indicate a direct reaction of 
the spleen to the administration of alloge-
neic MSC from adipose tissue.

Thus, the administration of allogeneic 
MSCs isolated from adipose tissue from 
C57Bl/6 mice causes systemic effects on 
the thymus and spleen. As a result of anti-
genic stimulation by allogeneic stem cells, 
there is an increase in mitotic activity of thy-

Fig. 2. Thymic cellularity on day 7 of the experiment: 
A – intact group, B – after aMSC administration (smear-imprint, x 400)

A B

2. The content of lymphoid cells and splenic weight index 
in C57BL/6 mice after allogeneic aMSC administration (M ± m)

Day 
The content of lymphoid cells, x 106/mg Splenic weight index 

after administration 
of aMSC, %intact (n = 6) administration of 0.89% 

NaCl, placebo (n = 9) 
administration of 
aMSCs (n = 9)

7 2.7 ± 0.1 2.9 ± 0.1 3.6 ± 1.1**vv 0.79 ± 0.04* v
18 2.7 ± 0.1 2.8 ± 0.4 3.2 ± 0.1*v 0.79 ± 0.04* v
25 2.7 ± 0.1 2.5 ± 0.1 2.9 ± 0.1 0.46 ± 0.03

Note: * P < 0.05, ** P < 0.01 compared to intact animals; v P < 0.5, vv P < 0.01 compared to 
placebo group.
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mocytes and splenocytes. Despite numerous 
publications that reveal the immunological 
properties of cells and confirm the presence 
of immunosuppressive effects, the results of 
individual scientific studies show that MSCs 
under certain conditions can be eliminated 
by cells of the immune system in recipient 
animals since they have signs of foreignness 
(Huang et al., 2009).

The increase in the content of lym-
phoid cells in the thymus and spleen after 
aMSC administration in our mind may 
be due to the heterogeneity of introduced 
cell cultures, an insufficient number of 
introduced cells for the implementation 
of immunosuppressive effect, as well as 
low concentration of immunosuppres-
sive factors synthesized by MSCs.

Conclusion

1.  The administration of allogeneic 
adipose-derived mesenchymal stem 
cells affects the central and periph-
eral organs of the immune system.

2.  Administration of allogeneic adi-
pose-derived mesenchymal stem 
cells causes a significant increase 
in the content of lymphoid cells 
in the thymus by 71, 57, and 53% 
(P < 0.05) on days 7, 18, and 25, re-
spectively, compared to the control.

3.  Thymic weight index directly correlates 
with the content of lymphoid cells and 

its value was r = 0.57 (P < 0.01) on day 
7 and r = 0.50 (P <0.05) on day 18.

4.  Lymphoid cell count in the spleen sig-
nificantly increase on days 7 and 18 of 
the immune response by 33 (P < 0.01) 
and 19 % (P < 0.05), respectively, com-
pared to the control under the admin-
istration of allogeneic adipose-derived 
mesenchymal stem cells.

5.  On the 25th day, the content of lym-
phoid cells in the spleen and spleen 
index values return to normal.

6.  Splenic weight index directly cor-
relates with the content of lymphoid 
cells in it – r = 0.91–0.94 (P < 0.001).
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Анотація. Дослідження проводили на самцях мишей C57BL/6 вагою 20–24 г, віком 2–3 мі-

сяці. Метою нашої роботи було вивчення функціонального стану органів імунної системи у 
мишей після введення алогенних мезенхімальних стовбурових клітин із жирової тканини. Ма-
ніпуляції з отримання первинного матеріалу та культивування мезенхімальних стовбурових 
клітин здійснювали в стерильному боксі з дотриманням усіх правил асептики й антисептики. 
Абдомінальну жирову тканину мишей C57BL/6 культивували у CO2 інкубаторі за температури 
37 °C і 5% CO2 в середовищі DMEM, з додаванням 10–15% фетальної сироватки бичків, 1% анти-
біотика-антимікотика (Sigma-Aldrich, USA). Для проведення досліджень було сформовано такі 
групи тварин: 1 група – інтактні (контрольна група); 2 група – тварини, яким у хвостову вену 
вводили 0,5 см3 0,9% розчину NaCl (плацебо); 3 група – тварини, яким у хвостову вену вводили 
104 алогенних мезенхімальних стовбурових клітин із жирової тканини в 0,5 см3 фосфатно-бу-
ферного розчину. Досліджували ваговий індекс, вміст лімфоїдних клітин тимусу та селезінки 
мишей C57BL/6 за введення мезенхімальних стовбурових клітин із жирової тканини. Для оці-
нювання вмісту лімфоцитів у лімфоїдних органах, останні зважували (тимус повністю), а 
селезінку – по 50 мг, потім розтирали та фільтрували через капронову тканину. Після цього 
гомогенат тканини наносили на градієнт фікол-верографіну (щільність 1,077) у співвідношен-
ні 3:2. Пробірки з вмістом центрифугували зі швидкістю 1500 об/хв., упродовж 30–40 хв. Після 
центрифугування над шаром градієнта залишається плазма й лімфоцити (не менше 90%), які 
збирали пастерівською піпеткою і двічі відмивали довільною кількістю розчину Хенкса за допо-
могою центрифугування за швидкості обертання 1500–1800 об/хв. упродовж 10 хв. Після від-
мивання до лімфоцитів додавали 1 см3 розчину Хенкса й підраховували їхню кількість у камері 
Горяєва. Розрахунок клітинності лімфоїдних органів проводили на 1 мг тканини.

Трансплантація алогенних мезенхімальних стовбурових клітин із жирової тканини чинить 
вплив на центральні й периферичні органи імунної системи. За впливу алогенних мезенхімальних 
стовбурових клітин із жирової тканини відбувається достовірне підвищення вмісту лімфоїдних 
клітин тимусу на ранніх і пізніх етапах імунної відповіді на 7, 18 та 25 добу відповідно на 71% , 57 і 53% 
(Р < 0,05) порівнюючи з контролем. Кількість лімфоїдних клітин у селезінці достовірно зростала 
на 7 та 18 добу імунної відповіді відповідно на 33%  та 19%, (P <0,01, P <0,05) порівнюючи з контр-
олем за введення алогенних мезенхімальних стовбурових клітин, одержаних із жирової тканини. 
На 25 добу показники вмісту лімфоїдних клітин та індексу селезінки повертаються до норми. Ін-
декси ваги тимуса й селезінки прямо корелюють з вмістом лімфоїдних клітин у цих органах.

Ключові слова: миші, ваговий індекс, лімфоїдні клітини, тимус, селезінка, алогенні 
мезенхімальні стовбурові клітини, жирова тканина
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Abstract. A constant risk factor of transfusion is microbial contaminaƟon of whole 
blood and its components. Because using contaminated blood products can lead to 
sepsis and high risks to the health of recipients. Blood can be a good nutrient medium 
for microorganisms, so the risk of bacteria growth in any blood component aŌer it has 
been donated is significant. ViolaƟon in the rules of asepsis during blood donaƟon, 
processing of blood products, damage to blood collecƟon systems or their Ɵghtness, 
etc. can cause microbial contaminaƟon.

We examined 5 samples of preserved canine packed red blood cells. The donor 
animals were 5 clinically healthy dogs. Blood was collected in closed systems with a 
CPDA anƟcoagulant. AŌer following centrifuging, plasma was separated from red 
blood cells in different containers. The remaining packed red blood cells were stored at 
a temperature of +2–6°C for 30 days. 

The bacteria culƟvaƟon method is considered the “gold standard” for assessing 
the presence of microbial contaminaƟon in most blood transfusion centers. The tested 
canine packed red blood cells samples were inoculated into thioglycolate and Sabouraud 
media and incubated in a thermostat at +20–25 °C. The incubaƟon period was 14 days. 
According to the results of the bacteriological examinaƟon of these samples of canine 
packed red blood cells aŌer their storage, a non-sterile sample was no found.

Thereby, the method of blood collecƟon using closed systems with CPDA 
anƟcoagulant is reliable and allows obtaining donor blood and its components without 
loss of sterility during long-term storage.

Keywords:  canine packed red blood cells, microbial contaminaƟon, donor blood sterility
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Introduction

This work is a continuation of a series 
of our studies on animal transfusion, in 
which we study the effect of blood sam-
pling techniques and type of using sys-
tems on the sterility of animals’ canned 
whole blood and blood components 
during long-term storage under hypother-
mic conditions (Yehorov et al., 2020).

Bacterial contamination of animals’ 
donor blood and blood components al-
ways are high risk and a problem of clin-
ical veterinary transfusion. The probabil-
ity of contamination exists at all stages 
of blood sampling and processing of its 
components. For assessing the quality 
and safety of such preparations, it is im-
portant to control sterility by microbio-
logical tests (Ischenkova et al., 2015).

Sterility monitoring of canned ani-
mals’ blood and blood components needs 
to identify possible contamination by aer-
obic and anaerobic microorganisms. The 
reason for this is the permanent risk of 
iatrogenic factors even all rules of asep-
sis during blood collection and storage 
are complied, and microbial contamina-
tion can further endanger the health and 
life of animal recipients (Lyubich, 2014).

Frequent reasons for microbial con-
tamination of blood components during 
their processing may be leaks in any part 
of containers or improper techniques 
during plasma extraction or division of 
the volume of the transfusion preparation 
into several doses (Lasta et al., 2020).

Contamination is also possible 
during blood sampling from donors. 
Thus, there have been reported cases 
of microbial contamination of collected 
blood with S. Marcescens, when using 
inappropriate concentrations of disin-
fectant solutions for treating the animal 
skin at the site of blood sampling (Mi-
glio et al., 2016).

Analysis of recent researches 
and publications

Before using, blood components usu-
ally are visually inspected and bacterial 
infection should be suspected when there 
is a discoloration of the component, he-
molysis of the upper layers of red blood 
cells, or presence of visible clots. If such 
signs are detected, a bacteriological ex-
amination of this unit should be provided 
to determine if contamination occurred 
(Rodrigues et al., 2020).

The bacteria cultivation method is 
considered the “gold standard” for as-
sessing blood contamination in most 
blood transfusion centers.

The process of bacterial culture 
growth is slow because microorganisms 
need time to develop and reach a signifi-
cant number of cells. For this reason, it is 
possible to use an alternative PCR method 
because its analytical sensitivity is higher 
and the time required to obtain the result is 
much shorter (Wardrop et al., 2005).

However, the virulence of contaminat-
ing microorganisms determines their abil-
ity to grow under storage conditions. Only 
the presence of bacteria in the blood is less 
important than their ability to replicate, 
which causes serious septic complications 
in patients (Miglio et al., 2016).

During testing sterility of blood trans-
fusion preparations, the possibility of mi-
croorganisms detecting is directly propor-
tional to their number in the test sample 
and depends on the ability of these micro-
organisms to grow on the nutrient media 
with visible signs. At a low degree of con-
tamination, the probability of detecting 
microorganisms is very low, even in the 
case of uniform microbial contamination.

Therefore, the purpose of the sterili-
ty test is to prove the absence of viable 
microorganisms in the blood component 
sample with maximum reliability. The 



Контроль стерильності консервованої еритроцитарної маси собак

Vol. 12, № 2, 2021 ISSN 2663-967X | 69Український часопис ветеринарних наук

main factors that determine the effective-
ness of sterility monitoring are the testing 
sample volume, seeding technique, nutri-
ent composition, time, and temperature 
of culture incubation (Lyubich, 2014).

Purpose. The purpose of the study 
is to test the sterility of canine packed 
red blood cells during quality control of 
these blood components after long-term 
hypothermic storage.

       Materials and methods 
of research

The material for the study was sam-
ples of packed red blood cells that were 
collected from 5 blood donor dogs. Do-
nor animals were clinically healthy.

Blood was collected from the jugular 
vein of dogs by closed systems (Fig. 1). 

Before donation, a puncture site was 
shaved and treated with 70% alcohol. 
Donor blood from dogs was collected in 
double polymer containers with CPDA 
anticoagulant (sodium citrate, sodium 
phosphate, dextrose, adenine) (Kisiele-
wicz & Self, 2014).

The volume of blood sampling was 
calculated at 12 cm3 per 1 kg of animal 
weight. This amount minimizes unwant-
ed donor cat risks during blood collection 
(blood pressure and heart rate) and after 
donation (Helm & Knottenbelt, 2010).

All blood samples were typed by a test 
“RapidVet-H Canine DEA 1”. All animals 
in this study had a DEA 1.1 negative blood 
group (Proverbio et al., 2019). For mor-
phological analysis of canine donor whole 
blood, we tested samples by automatic 
Mindray BC2800 hematology analyzer, 
the main results are shown in Table 1.

After blood collection, the double 
containers were centrifuged at 2500 rpm 
for 20 minutes on Hettich ROTAN-
TA 460R centrifuge. After that, blood 
plasma was separated from the red 
blood cells in different containers by a 
plasma extractor with keeping the sys-
tem closed (Guide, 2013) (Fig. 2).

The erythrocyte mass of canine 
blood, or canine packed red blood 
cells (pRBC), was stored at a tempera-
ture of + 2–6 °C for 30 days in VEST-
FROST AKG 317 refrigerator in the 

 

Fig. 1. Blood sampling using a closed system in a dog
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educational and scientific laboratory 
(ESL) “Animals Blood Bank” at the 
National University of Life and Envi-
ronmental Sciences of Ukraine (Fig. 3).

Bacteriological examination for 
sterility of canned pRBC samples was 
performed according to the approved 
Instruction of the Ministry of Health 
of Ukraine (Instruction, 1999) in the 
laboratory of the Department of Epizo-
otology, Microbiology and Virology at 
NULES of Ukraine.

For testing, we used sterile pipettes, 
closed with cotton plugs, rubber bulbs, 
sterilized tools, which were in a container 
with 96 % ethanol during manipulation.

Polymer containers with pRBC were 
checked for leaks in the lab pre-box, 
then wiped with 70%  ethanol. Before 
inoculation, we clamped the container 
tube above the node and cut the tube be-
tween the node and clamp. The cut end 
of the tube was quickly passed through 
the flame, and a pipette was introduced 

into it. Reducing the pressure to the 
clamp, we pressed the container and 
piped at least 2 cm3 of sample.

1. The results of hematology analysis in donor dogs (M ± m, n = 5)

Red blood cells, 1012/L Hemoglobin, g/L White blood cells, 109/L Hematocrit, %
7.3 ± 1.1 175.4 ± 7.3 9.8 ± 2.1 52.2 ± 4.9

 
Fig. 2. Separation of blood plasma from red blood cells

Fig. 3. The refrigerator 
for pRBC storage
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Inoculation of each sample was 
made in a thickness of culture medium 
without blowing a separate pipette but 
with a rubber bulb and without previous 
flame processing. Used pipettes laid in a 
disinfectant solution.

The tested pRBC sample was inocu-
lated with 1 ml into two tubes containing 
20 cm3 of thioglycollate broth and one 
tube with 20 cm3 of Sabouraud medium. 
In parallel, two tubes with thioglycolate 
broth and one with Sabouraud medium 
were left untreated for controlling the 
sterility of the nutrient medium during 
the entire period of samples incubation. 
Cultures in thioglycolate broth and con-
trol tubes were incubated in a thermo-
stat at 20–25 °C and 30–35 °C, with Sa-
bouraud medium – at 20–25 °C (Fig. 4). 
The incubation period was 14 days for 
both culture media (Instruction, 1999).

Accounting and interpretation of 
sterility test results were viewed daily. 
The presence of microorganisms in nu-
trient media was assessed visually mac-

roscopically (we looked for turbidity, 
film, sediment, inclusions) and micro-
scopically.

R    esults of the research 
and their discussion

Currently, in Ukraine, there is no le-
gal regulation of animal blood donation, 
including the quality control of canned 
blood and its components. There are 
few publications on the results of ex-
perimental studies of bacterial con-
tamination monitoring during storage 
of animals’ donor blood with CPDA. 
However, there are similar norms and 
research in human medicine.

According to the Sterility Control 
Instruction (Instruction, 1999), sterility 
monitoring of canned donor blood and 
its components is one of the main pa-
rameters for assessing their quality. This 
rule applies in the field of human health. 
Given this, the purpose of our work was 
aimed to assess the suitability of closed 
systems for blood collection in dogs 
and following preparation of pRBC as 
a risk factor for bacterial contamination 
of these preparations during prolonged 
hypothermic storage.

In total, we examined 5 samples of 
pRBC from dogs aged 2 to 5 years, which 
were used as donors in ESL “Animals 
Blood Bank” of the Department of Sur-
gery and Pathophysiology named after 
academic І. О. Povazhenko at NULES of 
Ukraine. The mentioned samples of ca-
nine pRBC were tested after 30 days of 
refrigeration storage at +2–6 °C.

During hypothermic storage, an ex-
ternal inspection of polymer containers 
with test samples of pRBC showed no 
signs of bacterial growth: color changes 
from dark purple to light red or green, 
signs of red blood cell hemolysis, pres-
ence of visible clots.

Fig. 4. The thermostat 
in the Microbiological laboratory
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The results of the bacteriological exam-
ination of pRBC samples using thioglycolate 
and S abouraud media showed that all 5 test 
samples with a shelf life of 30 days were 
sterile. The research results were entered into 
the journal in the form of a table (Table 2).

Conclusions and future perspectives 

The results of our research indicate that 
closed blood collection systems in dogs 
with aseptic manipulations are reliable and 
allow to obtain sterile donor blood and its 
erythrocyte mass for 30 days.

However, there is a need for further 
research on the quality of canned canine 
packed red blood cells to assess the lev-
el of hemolysis, red blood cell count, 
and other indicators to obtain a safe an-
imal transfusion product for a recipient.
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   Анотація. Під час проведення трансфузії цільною кров’ю та препаратами крові постій-

ним ризиком є фактор їхнього мікробного забруднення. Адже застосування контамінованих 
препаратів крові може спричиняти сепсис та високі ризики для здоров’я реципієнтів. Кров 
може бути живильним середовищем для мікроорганізмів, тому досить значним є ризик росту 
кількості бактерій у будь-якому компоненті крові після її відбору. До мікробного забруднення 
може призвести порушення правил асептики під час забору донорської крові, виготовлення 
препаратів крові, пошкодження систем забору крові, їхньої герметичності тощо.

Було досліджено 5 проб консервованої еритроцитарної маси собак. Тваринами-донорами були 
5 клінічно здорових собак. Кров відбирали з використанням закритих систем із антикоагулянтом 
ЦФДА. Після наступного центрифугування плазму відокремлювали від еритроцитів у інший кон-
тейнер. Еритроцитарну масу, що залишалася, зберігали за температури + 2–6 °C упродовж 30 діб.

Метод посіву бактерій розглядається як «золотий стандарт» для оцінювання наяв-
ності мікробного забруднення в більшості центрів переливання крові. Досліджувані зразки 
еритроцитарної маси собак інокулювали в тіогліколеве середовище та середовище Сабуро 
й інкубували в термостаті за 20–25 °C. Інкубаційний період становив 14 діб. За результата-
ми бактеріологічного дослідження проб еритроцитарної маси собак після їхнього зберігання, 
жодної нестерильної проби не було виявлено.

Отже, метод забору крові з використанням закритих систем, що містять антикоагу-
лянт ЦФДА, є надійним і дає змогу одержувати донорську кров та компоненти крові без втра-
ти стерильності за тривалого терміну зберігання.

Ключові слова: еритроцитарна маса крові собак, мікробна контамінація, стерильність 
донорської крові
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Abstract. The search for effecƟve and safe means for correcƟng male hypoferƟlity is 
an urgent problem of modern reproductology. Researchers have proved the possibility 
of the use of nanoparƟcles based on oxides of rare-earth elements for the treatment 
of disorders of male reproducƟve funcƟon. We invesƟgated the effecƟveness of the use 
of gadolinium orthovanadate nanoparƟcles acƟvated by europium, the size of which 
was 25×8 nm in the dose of 0.0125 mg per kg of live weight to correct reproducƟve 
ability decrease in boars under oxidaƟve stress. AŌer 14 days of hydrosol nanoparƟcles 
administraƟon, we experimentally established the dynamics of the content of oxidaƟve 
stress markers and stable metabolites in the nitrogen oxide cycle, and also determined 
the changes in sperm quality indicators. Thus, conjugated dienes concentraƟon in the 
blood serum of boars on the 15th day tended to decrease, and on the 30th day of the 
study was lower by 9.4% compared with the group of animals before administraƟon. 
At the same Ɵme, the amount of thiobarbituric acid reacƟve substances decreased on 
the 15th day of the study by 24.7%, and the 30th day – by 48.2%, which indicates the 
normalizaƟon of oxidaƟve processes in males. We noted posiƟve changes in the system 
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of the nitrogen oxide cycle, the content of stable metabolites on the 15th day was lower 
by 25.2% than in animals before administraƟon and on the 30th day – by 42.6%. At the 
same Ɵme, we observed an improvement in the boar sperm quality, especially moƟlity 
and the number of moƟle sperm in the ejaculate increased by 42.9 and 57.1% on the 60th 
day of the study and by 95.2% and 1.48 Ɵmes on the 90th day, respecƟvely. In this case, 
the volume of ejaculate, sperm concentraƟon, and sperm content with morphological 
anomalies with the introducƟon of nanoparƟcles normalized and almost reached the 
values of the control group. The researchers are interested in further elucidaƟng the 
effect of correcƟon of reduced reproducƟve ability in boars under oxidaƟve stress with 
gadolinium orthovanadate nanoparƟcles on the hormonal background and the state of 
enzymaƟc and non-enzymaƟc systems of anƟoxidant protecƟon.

Keywords:  sperm quality, prooxidant-anƟoxidant system, peroxidaƟon, oxidaƟve 
stress markers, nitrogen oxide cycle, nanomaterials

Introduction

The main cause of reduced repro-
ductive ability in males (hypofertility) 
is a negative impact of oxidative stress 
accompanied by an intensification of 
the synthesis of reactive oxygen species 
(ROS), and at the same time, nitrogen 
(RNS) and sulfur, an accumulation of 
toxic peroxidation products and reduced 
antioxidant activity of antioxidant de-
fense system (ADS) (Bisht et al., 2017; 
Barik et al., 2019; Koshevoy & Nau-
menko, 2020; Otasevic et al., 2020).

The problem of research is a signifi-
cant spread of factors that cause oxidative 
stress in males and the lack of harmless 
means for the correction, which would 
also have pronounced effectiveness and 
contribute to the rapid improvement of 
sperm quality (Mayorga-Torres et al., 
2016; Agarwal et al., 2018).

Analysis of recent researches 
and publications

The main means for the correction of 
oxidative stress include groups of drugs 
that directly or indirectly have an anti-
oxidant effect or reduce the intensity of 

peroxidation processes by eliminating 
toxic products. The mechanism of action 
of these drugs depends on the peculiari-
ties of their pharmaceutical composition. 
Vitamin and mineral drugs make an effect 
by improving the activity of the non-en-
zymatic part of ADS. For instance, carot-
enoids in the body contribute to vitamin 
A synthesis in the liver and activation of 
ADS processes, as well as the introduction 
of tocopherols and ascorbic acid (Domo-
slawska et al., 2018; Skliarov et al., 2020). 

The enzymatic ADS is affected by the 
introduction of microelements such as 
zinc and copper. They are a part of one 
of the main enzymes in the first link of 
ADS – superoxide dismutase, which acts 
as a substrate for another powerful en-
zyme – catalase (Palani, 2018; Scarlata & 
O’Flaherty, 2020). Drugs based on suc-
cinic acid, which is the main component 
of Roberts’ shunt and has its effect in the 
nervous system (Zarubina et al., 2012), 
are characterized by a powerful antiox-
idant effect. In this case, the significant 
role of the nitrogen oxide cycle and its 
metabolites in the functioning of the male 
reproductive system and the relationship 
with sperm activation and sperm quality 
(Liman & Alan, 2016) were proved.
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A promising direction in the creation 
of oxidative stress correction is the de-
velopment of nanomaterials that exhibit 
redox properties, such as cerium diox-
ide and vanadates based on rare-earth 
elements, in particular gadolinium (Ko-
reneva et al., 2016). A positive effect of 
such nanoparticles on the reproductive 
function of male rats in the case of re-
productive diseases and experimental 
prostatitis has been proved (Belkina et 
al., 2017; Karpenko et al., 2020). A pe-
culiar feature of vanadium compound 
action is the effect on the ADS by in-
creasing the activity of enzymes such 
as superoxide dismutase, catalase, and, 
especially, glutathione link – glutathi-
one peroxidase, as indicated in human 
hepatocytes in vitro (Kim et al., 2012).

The aim of the study is to investigate 
the effectiveness of the use of gadolin-
ium orthovanadate nanoparticles acti-
vated by europium to correct reduced 
reproductive ability in boars under ox-
idative stress.

Materials and methods 
of research

The research was conducted at the De-
partment of Veterinary Reproductology, 
Faculty of Veterinary Medicine at Kharkiv 
State Zooveterinary Academy. The studies 
were performed on boars kept on a stan-
dard diet with free access to water. 

Animals in terms of sperm quali-
ty and the content of oxidative stress 
markers – conjugated dienes (CD), as 
primary of lipid peroxidation products, 
the final product – thiobarbituric acid 
reactive substance (TBARS), as well as 
stable metabolites of the nitrogen ox-
ide (NOx) cycle were divided into two 
groups. The sperm quality in males of 
the control group (n = 5) met the stan-
dards. It was reduced in the experimen-

tal group (n = 5), especially in terms of 
sperm motility and the number of motile 
sperm in the ejaculate, while there was 
an intensification of peroxidation pro-
cesses by the content of oxidative stress 
markers in blood serum. 

To correct oxidative stress, nanopar-
ticles (NPs) of oxides of rare-earth ele-
ments synthesized at the Department of 
Nanostructured Materials of the Institute 
of Scintillation Materials at the National 
Academy of Sciences of Ukraine under 
the agreement on scientific and practical 
cooperation (№ 48, 22/07/2020) were 
used. Males of the experimental group 
were orally administered hydrosol of gad-
olinium orthovanadate NPs activated by 
europium, size 25×8 nm granular form at 
a dose of 0.0125 mg per kg of live weight 
for 14 days. It has been investigated that 
gadolinium orthovanadate NPs belong 
to the toxicity class IV – low-toxic com-
pounds, which allows use in biomedical 
studies (Koreneva et al., 2016).

The effectiveness of the developed 
method for the correction was evaluat-
ed by the changes in sperm quality and 
the content of oxidative stress markers 
in blood serum of males. Blood serum 
samples were taken on the 1st, 15th, and 
30th days. Sperm quality was assessed on 
the 1st, 60th, and 90th day of the study. 
Macroscopic (volume) and microscop-
ic (sperm motility and number of motile 
sperm in the ejaculate, concentration, per-
centage of sperm content with morpholog-
ical abnormalities) sperm quality indica-
tors were evaluated according to common 
methods (Yablonskyi, 2005). The content 
of oxidative stress markers in blood serum 
was estimated using spectrophotometric 
methods in order to determine the concen-
trations of CD and TBARS (Vlizlo et al., 
2012) and NOx (Golikov, 2004).

All manipulations with animals were 
carried out in accordance with the Europe-
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an Convention for the protection and ver-
tebrate animals used for experimental and 
other scientific purposes (2006) and Gener-
al ethical principles of animal experiments 
adopted by the First National Congress on 
Bioethics (Kyiv, Ukraine, 2001).

All digital data obtained during the 
study were processed statistically using 
Microsoft EXCEL. The Student’s crite-
rion was used to determine the probabil-
ity of differences between mean values.

Results of the research 
and their discussion

Determination of the content of ox-
idative stress markers in biological flu-
ids – blood, serum or plasma, sperm or 
sperm plasma allows obtaining objective 
information concerning the intensity of 
biological oxidation processes in males. 
This becomes important taking into ac-
count the seasonality of these processes 
and possible lack of adequate response 
from antioxidant defense system, especial-
ly in case of combined action of negative 
factors – inducers of peroxidation. Analyz-

ing the results of biochemical studies, we 
determined the state of oxidative stress in 
males of the experimental group (Fig. 1) – 
the content of primary LPO products – CD 
was higher than the control rate by 19.3% 
(P  ˂0.01). There was also an increase in 
the concentration of TBARS in blood se-
rum by 1.07 times (P  ˂ 0.001), which is 
the final product of LPO.

The number of NOx was also signifi-
cantly increased (Fig. 2) – by 83.6% (P ˂  
0.001) compared with the control group. 
The increase of these indicators shows an 
increase in the intensity of peroxidation 
processes and the presence of nitrosative 
damage in boars, which is the main cause 
of reduced reproductive ability and is 
consistent with previously obtained data 
(Koshevoy & Naumenko, 2020).

We conducted a chronic experiment 
in order to establish the effectiveness of 
the use of NPs oxides of rare-earth ele-
ments as a safe pharmacological agent 
to correct reduced reproductive ability 
in boars under oxidative stress with pro-
nounced redox and sperm-modulating 
activities.
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Fig. 1. The intensity of peroxidation processes in blood serum of boars during 
the correction by gadolinium orthovanadate nanoparticles (M ± m, n = 5)

Notes. * P ˂ 0.05; ** P ˂ 0.01; *** P ˂ 0.001 – statistically significant changes in relation to the 
control group; 1P ˂ 0,05; 2P ˂ 0,001 – statistically significant changes in relation to the group of 

animals before administration.
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Thus, after the correction by gado-
linium orthovanadate NPs activated by 
europium, a decrease in the intensity of 
peroxidation processes was observed in 
the blood serum of boars. At the same 
time, the studied indicators had a positive 
dynamics of changes on the 15th day of 
the study: the amount of CD tended to 
decrease and was 5.4% less than before 
administration, and the concentration of 
TBARS was lower by 24.7% (P ˂ 0.05). 
The amount of NOx also decreased by 
25.2% (P ˂ 0.001). This indicates that 
the administration of NPs has a positive 
effect on the dynamics of peroxidation.

Restoration of prooxidant balance, 
which almost reached the indicators 
of the control group was observed in 
the blood serum on the 30th day of the 
study. The CD content was reduced by 
9.4% (P ˂ 0.05), the TBARS concen-
tration was lower than before admin-
istration by 48.2% (P ˂ 0.001). This 
indicates a decrease in the intensity of 

LPO processes and the presence of a 
prolonged effect of the introduction of 
NPs hydrosol. Similar changes were 
observed in the nitrogen oxide cy-
cle – its amount was lower by 42.6% 
(P ˂ 0.001). The obtained data confirm 
the effectiveness of the use of gadolin-
ium orthovanadate NPs for the correc-
tion of oxidative stress in boars. 

Reduced reproductive ability in 
boars under oxidative stress is deter-
mined by the deterioration of sperm 
quality. It was found that males of the 
experimental group had significant-
ly reduced sperm motility (by 51.2%, 
P ˂ 0.001) and the number of mo-
tile sperm in the ejaculate (by 63.2%, 
P ˂  0.001). There was also a decrease in 
ejaculate volume by 17.2% (P ˂ 0.001) 
and sperm concentration by 10.5% 
(P ˂ 0.01), while the content of sperm 
with morphological abnormalities was 
higher by 24% (P ˂ 0.001) compared 
with the indicators of the control group.

0
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8
**

**1
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NOx, mol/  

Control Before administration 15th day 30th day
Fig. 2. The content of stable metabolites of the nitrogen oxide cycle 

in blood serum of boars after the correction by gadolinium orthovanadate 
nanoparticles (M ± m, n = 5)

Notes. * P ˂ 0.05; ** P ˂ 0.001 – statistically significant changes in relation to the control group; 
1P ˂ 0.001 – statistically significant changes in relation to the group of animals before administration.
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The presence of a correlation be-
tween LPO intensity and indicators of 
male sperm quality has been proved by 
many authors. In particular, our studies 
have confirmed a significant decrease in 
motility and the number of motile sperm 
in boar ejaculate. Analyzing the obtained 
data, we can conclude that the influence 
of the accumulation of ROS and RNS in 
boars, i.e. oxidative stress leads to deteri-
oration of spermogram indicators and re-
quires correction. This coincides with the 
opinion of most authors of the cited liter-
ature. The correction of oxidative stress 
in boars in case of reduced reproductive 
ability by gadolinium orthovanadate NPs 
has a positive effect on the dynamics of 
spermiogenesis, which was established 
by assessing the sperm quality in animals 
of the experimental group (Table 1).

Thus, on the 60th day of the study, 
the sperm motility indicator was high-
er than in animals before the admin-
istration of hydrosol NPs by 42.9% 
(P ˂ 0.01), while the number of motile 
sperm in the ejaculate was higher by 57.1% 
(P ˂ 0.01). In general, the quality of 
the obtained sperm was higher than be-

fore the administration of NPs – ejacu-
late volume by 5.8% (P ˂ 0.05), sperm 
concentration – by 5.9% (P ˂ 0.05), and 
sperm content with morphological ab-
normalities tended to decrease. This is 
likely to ensure the cost-effectiveness of 
this method of correction. 

Evaluating the effectiveness of the ox-
idative stress correction by gadolinium or-
thovanadate NPs it was noted that on the 
90th day of the study the quality indica-
tors of ejaculate almost reached the values 
of the control in males. Sperm motility 
indicators are particularly sensitive to the 
action of oxidative stress and the number 
of motile sperm in the ejaculate increased 
by 95.2% (P ˂ 0.001) and 1.48 times 
(P ˂ 0.001) in relation to the group of an-
imals before administration. A positive ef-
fect of nanoparticles was observed on the 
dynamics of ejaculate volume, which on 
the 90th day of the study was higher by 
15.1% (P ˂ 0.001), sperm concentration, 
which was higher by 11.8% (P ˂ 0.01). 
The sperm content with morphological 
anomalies decreased by 18.3% (P ˂  0.01).

The effectiveness of the introduction 
of gadolinium orthovanadate NPs can 

1. Indicators of boar sperm quality after the correction by gadolinium 
orthovanadate nanoparticles (M ± m, n = 5)

№ Indicator 

Animal group 

control 
experiment 

before 
administration day 60 day 90 

1 Ejaculate volume, mL 209.5 ± 3.2 173.5 ± 3.0*** 183.6 ± 2.9***1 199.7 ± 2.5*3
2 Sperm concentration, billion/mL 0.19 ± 0.003 0.17 ± 0.003** 0.18 ± 0.002*1 0.19 ± 0.0032
3 Mobility, scores 8.6 ± 0.3 4.2 ± 0.4*** 6.0 ± 0.3***2 8.2 ± 0.4

4 The number of motile sperm 
in the ejaculate, billion 34.2 ± 1.02 12.6 ± 1.32*** 19.8 ± 1.19***2 31.3 ± 1.623

5 The content of sperm with 
morphological abnormalities, % 15.4 ± 0.6 19.1 ± 0.4*** 18.2 ± 0.4** 15.6 ± 0.62

Notes. * P ˂ 0.05; ** P ˂ 0.01; *** P ˂ 0.001 – statistically significant changes in relation to 
the control group; 1 P ˂ 0.05; 2 P ˂ 0.01; 3 P ˂ 0.001 – statistically significant changes in relation to 
the group of animals before administration.
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be explained by the increased activity 
of these compounds in the transition to 
the nanoform, as they do not manifest 
such properties in the form of industri-
al pharmaceutical compositions, which 
are known today. The results of the 
study of boar spermogram after oxida-
tive stress correction prove the presence 
of sperm-modeling action of NPs based 
on oxides of rare-earth elements. It can 
be recommended for practical imple-
mentation and development of methods 
for correction of hypofertility of differ-
ent genesis in males of different species.

Conclusions and future 
perspectives

The efficiency of the developed correc-
tion method for the reduced reproductive 
ability in boars under oxidative stress by 
gadolinium orthovanadate NPs is proved:
1. Positive dynamics of changes in the 

intensity of peroxidation processes 
with the introduction of hydrosol 
NPs of gadolinium orthovanadate 
were observed, namely: the concen-
tration of conjugated dienes in blood 
serum of boars, which on the 15th 
day tended to decrease, and on the 
30th day of the study was less by 
9.4% compared with the indicators 
before administration.

2. Normalization of oxidative process-
es in males was confirmed by a 
decrease in the amount of the final 
product of LPO – thiobarbituric acid 
reactive substance on the 15th day 
of the study – by 24.7%, and on the 
30th day – by 48.2%.

3. A decrease in the activity of the Ni-
trogen oxide cycle was determined. 
The content of stable metabolites in 
the blood serum of boars on the 15th 
day was lower than in animals before 
administration by 25.2%, and on the 

30th day – by 42.6%. Such changes 
indicate the action of nanoparticles 
as scavengers of oxygen radicals.

4. The method of correction had a sig-
nificant effect on sperm quality indi-
cators, especially on sperm motility 
and the number of motile sperm in 
the ejaculate, which increased by 
42.9 and 57.1% on the 60th day and 
by 95.2% and 1.48 times on the 90th 
day of the study, respectively.

5. Ejaculate volume, sperm concen-
tration, and sperm content with 
morphological anomalies after the 
administration of nanoparticles nor-
malized and almost reached the val-
ues of the control group.
Perspectives for further research are 

to elucidate the effect of correction of re-
duced reproductive ability in boars under 
oxidative stress by gadolinium orthova-
nadate NP on the hormonal background 
indicators and the state of enzymatic and 
non-enzymatic systems of antioxidant 
defense, as well as to determine addition-
al spermogram parameters.
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Анотація. Пошук ефективних і безпечних засобів корекції гіпофертильності самців є ак-

туальною проблемою сучасної репродуктології. Дослідниками доведена можливість засто-
сування наночастинок на основі оксидів рідкісноземельних елементів для лікування розладів 
чоловічої репродуктивної функції. Нами досліджено ефективність використання наночасти-
нок гадолінію ортованадату активованих європієм розміром 25×8 нм зерноподібної форми 
в дозі 0,0125 мг на кг живої маси для корекції зниження репродуктивної здатності кнурів за 
оксидативного стресу. Експериментально, після 14-добового введення гідрозолю наночас-
тинок нами встановлена динаміка вмісту маркерів оксидативного стресу і стабільних ме-
таболітів циклу Нітрогену оксиду, а також визначено зміни показників якості сперми. Так, 
концентрація дієнових кон’югатів у сироватці крові кнурів на 15-ту добу мала тенденцію до 
зниження, а на 30-ту добу дослідження була вірогідно меншою на 9,4% показників групи тва-
рин до введення. Водночас, кількість кінцевого продукту ліпопероксидації – малонового ді-
альдегіду вірогідно зменшувалася на 15-ту добу дослідження на 24,7%, а на 30 добу – на 48,2%, 
що свідчить про нормалізацію окисних процесів в організмі самців. Позитивні зміни відзначе-
но в системі циклу Нітрогену оксиду, вміст стабільних метаболітів якого на 15 добу був віро-
гідно меншим показників тварин до введення на 25,2%, а на 30-ту добу – на 42,6%. Одночасно 
відмічали покращення показників якості сперми кнурів, особливо рухливості й кількості рухли-
вих сперміїв у еякуляті, які підвищилися відповідно на 42,9 і 57,1% на 30-ту добу та на 95,2% і в 
1,48 раза на 60-ту добу дослідження. Водночас, об’єм еякуляту, концентрація сперміїв і вміст 
сперміїв із морфологічними аномаліями за введення наночастинок нормалізувалися й майже 
досягли значень групи контролю. Інтерес дослідників полягає у подальшому з’ясуванні впливу 
корекції зниження репродуктивної здатності кнурів за оксидативного стресу наночастин-
ками гадолінію ортованадату на показники гормонального фону та стан ензиматичної й 
неензиматичної систем антиоксидантного захисту.
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