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Анотація 

В результаті проведених досліджень по вивченню сортів часнику стрілкуючого озимого в умовах Лі-

состепу Правобережного України встановлено, що досліджувані сорти характеризувалися різною врожай-

ністю та якістю продукції. Так, найбільшу урожайність забезпечив сорт Любаша – 14,5 т/га, де приріст 

відносно контролю становив – 0,8 т/га. Найбільший діаметр цибулини був у сорту Любаша – 4,4 см, що на 

0,3 см більше за контроль. Найбільшу масу сформували цибулини сорту Любаша – 65,4 г, що більше за 

контроль на 3,9 г. 

Abstract 

As a result of research on the study of varieties of winter shooting garlic in the Forest-Steppe of the Right 

Bank of Ukraine, it was found that the studied varieties were characterized by different yields and product quality. 

Thus, the highest yield was provided by the Lyubash variety – 14.5 t / ha, where the increase relative to control 

was – 0.8 t / ha. The largest diameter of the bulb was in the variety Lyubasha – 4.4 cm, which is 0.3 cm larger than 

the control. The largest mass was formed by bulbs of the Lyubasha variety – 65.4 g, which is 3.9 g more than the 

control. 

Ключові слова: часник озимий, сорт, морфологія, біометрія, урожайність. 

Keywords: winter garlic, variety, morphology, biometrics, yield. 

 

Formulation of the problem. Of the vegetable 

crops in recent years, more attention is paid to the 

cultivation of garlic, in particular the winter shooting 

form. It is cultivated in all soil and climatic zones of 

Ukraine [10]. In terms of distribution among onion 

crops, it ranks second after onions [1]. However, in 

Ukraine, its area is not significant and does not exceed 

1% of the total occupied by vegetable crops. According 

to statistics in 2017, this is about 1000 hectares, not 

taking into account the fact that garlic as a whole has a 

leading place in the private sector, and its share in 

private farms in Ukraine is quite significant [11]. The 

average yield of winter varieties in the country is low - 

6-8 t / ha, spring – 1-3 t / ha [2, 20]. Therefore, the 

production of commercial garlic meets the needs of the 

population, meat, canning industry by 20-25%, the rest 

– replenish purchases from the population and imports 

from abroad [17]. 

The annual demand for garlic in recent years has 

been 0.8 kg per person, of which 0.6 – fresh and 0.2 – 

canned [3]. Garlic is sensitive to changes in soil and 

climatic conditions and adapts poorly to them. 

Therefore, the transportation of planting material to 

other soil and climatic conditions is inefficient, because 

within a few years it degenerates. To increase yields, it 

is best to use varieties created in the area where it is 

grown [4, 8]. 

Analysis of recent research and publications. 
Garlic (Allium sativum L.) is an annual, herbaceous, 

cold-resistant crop. It belongs to the family Bulbous 

(Ariaseae) and the botanical genus (Allium L.) [5, 7, 

15]. The genus Allium has nearly 600 species, which 

are distributed throughout the eastern hemisphere, but 

mostly in Asia Minor and Central Asia. The wild form 

of garlic was A. longicuspis Regel., Which is common 

in mountainous and foothill areas of Central Asia [6, 

14]. Its plants did not differ in appearance from garlic, 

except for underground bulbs. The latter in the wild are 

small, often not divided or consisted of several teeth. 

However, wild garlic quickly adapted to the created 

cultivation conditions, as a result of which the 

underground bulbs did not differ in shape, size and 

number of teeth from cultivated plants grown in the 

same conditions [18]. 
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Garlic is one of the oldest vegetable crops [19, 21]. 

The first reliable data about it date back to the period of 

Ancient Egypt (5 thousand years BC). During the 

construction of pyramids, tombs of pharaohs and other 

monumental structures in ancient Egypt, garlic was 

added to food to increase the efficiency of slaves, as 

well as a preventive measure against disease. 400 years 

BC is. in ancient Greece it was used as a stimulant and 

as an antidote to snake bites. The Romans believed that 

garlic was a plant that added courage, and used 

legionnaires to feed the fighting spirit [12, 16]. 

Garlic is consumed fresh and marinated, used in 

the meat canning and sausage industries. In cooking, it 

is indispensable during pickling and marinating 

vegetables, making sausages, jellies, fish and mushroom 

dishes [3, 12]. Salads, soups, borscht, etc. are made from 

young leaves. Adding garlic to vegetable, meat and fish 

products prolongs their shelf life [14]. 

Garlic also increases the body's resistance to colds 

and other infectious diseases, improves appetite, 

improves digestion, heart function, dilates blood 

vessels, lowers blood sugar, supports brain cell function, 

has antiseptic, antiseptic and analgesic properties [7, 20 

, 21]. Garlic volatiles inhibit the activity of enzymes that 

affect the growth of cancerous tumors [11, 15, 18]. They 

have the ability to remove harmful substances from the 

human body – lead, mercury, cadmium, etc. Garlic is 

used to make many drugs, including alahol, allylsat, 

defensonate, allicin, sativin, alizantin, carbalyl [19]. 

Garlic is a cold-resistant, herbaceous plant [4, 12]. 

Shooting varieties of winter garlic are more winter-

hardy than non-shooting. Depending on the timing of 

planting in the fall, rooted teeth accumulate sugars in 

different ways, which are an important source of 

overwintering plants. Winter garlic successfully 

overwinters under snow in the most severe winters, 

when the air temperature drops to minus 25-30 ° C. 

Garlic is a long daylight plant [19]. Garlic plants 

develop best during the day 16-18 hours [11]. The 

optimal soil moisture during the period of vegetative 

growth is 80-85% (GPV), and for better ripening of 

bulbs and harvesting – 60-65% of GPV [4]. 

Despite the antiquity of garlic and its almost 

widespread cultivation and consumption, the varietal 

composition remains insignificant. It has always been 

customary to divide its varieties into three types: winter 

shooting and non-shooting and spring non-shooting. 

The latest scientific data show that the division of garlic 

into winter and spring forms is conditional. The same 

varieties in different climatic conditions can be 

propagated in both winter and spring crops [13, 17, 21]. 

The local variety of garlic is very large, but each variety 

and population has a narrow distribution area [12]. 

A feature of garlic is increased conservatism and 

poor adaptation to new growing conditions [3, 17]. 

Thus, varieties are imported from north to south, and 

vice versa, for a long time adapt to new soil and climatic 

conditions, change morphological and biological 

characteristics, underground bulbs are rapidly shrinking 

and can not compete with local [14, 17, 20]. However, 

it happens that non-shooting varieties become shooting 

mainly with weakened shooting [6]. Pests and diseases 

damage these plants, which leads to a rapid loss of 

economic value. However, there are many imported 

varieties that have not adapted to the new soil and 

climatic conditions of the zone and have disappeared. 

This number is sometimes up to 40-50 % of their total 

[2, 12]. 

Such a weak adaptive ability of garlic varieties 

imported from other soil-climatic zones is a 

consequence of a purely vegetative method of 

reproduction, as a result of which new members of the 

population arise under the influence of somatic 

mutations (genetic changes of vegetative cells). They do 

not exchange genes with adjacent populations [14, 19, 

20]. 

Scientists note that the importance of adaptation of 

the variety to specific environmental conditions, as well 

as their different behavior in different agroclimatic 

zones [17]. However, there is another opinion that with 

increasing yields of varieties decreases the breadth of 

their adaptive capabilities. 

Given the ability of garlic varieties to respond to 

changes in growing conditions, you need to be careful 

when growing imported local varieties, because the 

most stable forms of garlic, which have repeatedly 

multiplied in this area. Since each variety of garlic has 

its advantages and disadvantages, it is advisable to select 

planting material in the area where the variety will be 

grown or close to it [11, 14, 18]. 

Currently in Ukraine, the Institute of Vegetable and 

Melon UAAS and Uman Agrarian University are 

engaged in selection work to create and improve garlic 

varieties. The Department of Vegetable Growing 

conducts selection of varieties and develops 

technological elements for growing winter and spring 

garlic. In addition, selection work is carried out to create 

and update its varieties in Kyiv and revived at Skvyra 

research stations [18, 20]. 

The purpose of research. The purpose of 

research work is to study the influence of varieties on 

the growth, development and yield of winter winter 

garlic in the Forest-Steppe Right Bank. 

Research methodology. Studies on the study of 

varieties of winter shooting garlic in the experimental 

field of VNAU were conducted in 2018-2019. Field 

experiments were laid out in randomized blocks. 

During the research according to the methodology of 

the research case, the scheme of the experiment was 

developed, as well as observations, accounting and 

calculations were performed [9]. 

Phenological observations were performed on ten 

plants. The appearance of seedlings, the appearance of 

2-, 4-, 6th leaves, the beginning of shooting were noted. 

The beginning of the phase was recorded when it 

occurred in 10% of plants in the area, mass-75% [9, 13]. 

Biometric measurements were performed during 

the growing season of plants [9]. The following 

indicators were recorded: length and width of leaves 

[13]. At the beginning of the arrow, the height of the 

plants and the thickness of the false stem were 

measured. 

Harvesting of garlic and its accounting were 

performed from each plot separately. After removing 

the false arrow stem and roots, the underground bulbs 
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were sorted into marketable and non-marketable parts 

and weighed separately [9]. 

Variants of the experiment were varieties: 

Sofiyivsky, Promin, Dobrodiy, Lyubasha. The 

Sofiyivsky variety was chosen for control. Repeat four 

times. Yield indices obtained in the experiments were 

processed by the method of analysis of variance [9]. 

Research results. Based on the observations, it 

was found that the dates of the phenological phases of 

winter garlic differed significantly and depended on the 

studied variety (Table 1). 

 

1. To give the onset of phenological phases in winter garlic shoots depending on varietal characteristics, 

2018-2019. 

Variety 
The emergence 

of stairs 

The appearance of the next leaf 
Start shooting 

second fourth sixth 

Sofievsky (control) 5.04 9.04 16.04 30.04 29.05 

Promin 7.04 12.04 20.04 4.05 5.06 

Dobrodiy 6.04 10.04 18.04 1.05 1.06 

Lyubasha 7.04 12.04 20.04 3.05 3.06 

 

Thus, seedlings in the Sofiyivskyi (control) variety 

appeared 1 day earlier than the Dobrodiy variety and 2 

days earlier than the Promin and Lyubasha varieties. 

The second leaf in the Sofiyivsky variety was noted on 

April 9, while in the other studied varieties 1 – 3 days 

later. The fourth leaf in the varieties Promin and 

Lyubasha was formed on the 13th day after germination, 

which is 4 days later compared to the control. In the 

variety Dobrodiy, the phase of appearance of the fourth 

leaf was observed on 18.04, which is 2 days later than 

the control variant. Most likely, the fourth leaf appeared 

in the control on the 11th day after emergence, which is 

2-4 days earlier than other studied varieties. The phase 

of the beginning of shooting in garlic plants was 

previously observed in the variety Sofiyivsky – 29.05, 

which is 3-7 days earlier than the varieties Dobrodiy, 

Promin and Lyubasha. The latest start of shooting was 

observed in the variety Promin – 5.06. 

According to the results of phenological data, the 

duration of interphase periods of winter shooting garlic 

was calculated (Table 2). 

 

2. Duration of interphase periods in winter shoot garlic plants depending on varietal characteristics,  

2018-2019. 

Variety 

The emergence of the 

ladder – the beginning 

of the shooting 

Formation of the next leaf, days from a ladder 

second fourth sixth 

Sofievsky (control) 54 4 11 25 

Promin 59 5 13 27 

Dobrodiy 56 4 12 25 

Lyubasha 57 5 13 26 

 

Thus, the shortest period from the emergence of 

seedlings to the beginning of shooting is set in the vari-

ety Sofiyivsky (control) – 54 days. The longest period 

was observed in the variety Promin – 59 days, which is 

5 days longer compared to the control. In varieties Do-

brodiy and Lyubasha this interphase period was 56 and 

57days, respectively. The formation of the 2nd leaf was 

previously observed in the varieties Sofiyivsky and Do-

brodiy – on the 4th day, and in the varieties Promin and 

Lyubasha on the 1st day later. In these varieties, too, 

later noted the appearance of the 4th leaf – 13 days, 

which is 2 days later compared to the control. In plants 

of the Promin variety, the 4th leaf appeared 1 day later 

than the control. The appearance of the 6th leaf in the 

studied varieties of garlic was observed for 25 – 27 days. 

The last 6th leaf was formed by plants of the Promin 

variety on the 27th day, which is 2 days later than the 

control. Lyubasha variety – for 26 days. 

Biometric measurements of plants were performed 

during the research to better evaluate the varieties of 

winter shooting garlic. According to the obtained data, 

we found that the plant height, stem thickness and leaf 

area were influenced by the studied varieties (Table 3). 

 

3. Biometric indicators of winter garlic plants in the phase of the 5th leaf, 2018-2019. 

Variety 
Height of plants, 

cm 

Thickness of stem , 

mm 

Area of leaves,  

 thousands m2/ha 

Sofievsky (control) 29,5 0,8 9,5 

Promin 29,0 0,7 8,7 

Dobrodiy 30,5 0,9 9,8 

Lyubasha 31,8 1,0 10,4 

 

Lyubasha plants had the highest height - 31.8 cm, 

and in the control - 29.5 cm, which is 2.3 cm less. In the 

variety Dobrodiy the indicator of plant height was at the 

level of 30.5 cm, which is 1.0 cm higher than the control 

variant. The lowest indicator was in the variety Promin 
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– 29.0 cm, which is 0.5 cm less than the control variant 

and 1.5-2.8 cm less varieties Dobrodiy and Lyubasha. 

The thickness of the stem of winter shooting garlic 

plants ranged from 0.7 to 1.0 cm. The thickness of the 

stem was greater than the plants of the Lyubasha variety 

and on average it was 1.0 cm, which is 0.2 cm more than 

the control. Was slightly smaller than the Lyubash vari-

ety, but 0.1-0.2 cm larger than the Promin and Sofi-

yivsky varieties (control). 

The indicator on which the yield of winter shoot 

garlic plants depends is the leaf area. The largest area of 

leaves in winter shoot garlic plants was observed in the 

variety Lyubash – 10.4 thousand m2 / ha, which is 0.9 

thousand m2 / ha more than the variety Sofiyivsky (con-

trol). Slightly larger area of winter shoot garlic leaves – 

by 0.3 thousand m2 / ha was formed by plants of the Do-

brodiy variety – 9.8 thousand m2 / ha. The lowest indi-

cator was in the variety Promin – 8.7 thousand m2 / ha, 

which is less than the control by 0.8 thousand m2 / ha. 

To better study the range of garlic winter shooter 

biometric measurements were performed in the start 

phase of shooting (Table 4) 

4. Biometric indicators of winter garlic plants in the phase of the beginning of shooting, 2018-2019. 

Variety 
Height of plants, 

cm 

Thickness of stem , 

mm 

Area of leaves,  

 thousands m2/ha 

Sofievsky (control) 57,8 1,4 28,6 

Promin 58,2 1,4 25,8 

Dobrodiy 59,4 1,5 29,6 

Lyubasha 61,3 1,6 32,4 

 

Varietal features influence the biometric parame-

ters of winter shoot garlic plants. Thus, the plants of 

Lyubasha variety had the highest height – 61.3 cm, 

which is 3.5 cm more than the control. For Promin and 

Dobrodiy varieties this indicator was 58.2 and 59.4 cm, 

respectively. The lowest plant height was observed in 

the control – 57.8 cm. 

The thickness of the stem among the studied vari-

ants did not differ significantly and was 1.4 – 1.6 cm. In 

the variety Lyubasha this figure was the largest and 

amounted to - 1.6 cm, which is more than control by 0.2 

cm. stems – 1.4 cm. 

The largest area of leaves was formed by the garlic 

variety of winter shooter Lyubash – 32.4 thousand m2 / 

ha, and in the control – 28.6 thousand m2 / ha, which is 

3.8 thousand m2 / ha less. In the Dobrodiy variety, the 

plants formed a leaf area of 29.6 thousand m2 / ha, which 

is more than the control of 1.0 thousand m2 / ha. The 

smallest area of leaves was formed by garlic plants of 

the winter shooting variety Promin – 25.8 thousand m2 

/ ha, which is less than the control by 2.8thousand m2 / 

ha. 

Thus, the duration of interphase periods and bio-

metric parameters of plants indicate the influence on 

them of varietal characteristics of winter garlic. 

Yield is the most important indicator of the end re-

sult of research. It reflects the reality of the choice and 

introduction of a variety in production for a particular 

soil and climatic zone of cultivation. To do this, the 

analysis of varieties is carried out, they are tested first in 

the experimental areas, the necessary technologies are 

used during cultivation and, on the basis of observa-

tions, the discrepancy between the influence of certain 

factors is corrected. 

The choice of variety significantly affects the yield 

of garlic winter shoot. At the time of the research, the 

yield fluctuated within certain limits (Table 5), which 

respectively depended on environmental factors, an-

thropogenic impact, ie the use of cultivation technolo-

gies, and, accordingly, the impact of the characteristics 

of the variety. 

5. Yield of underground bulbs of winter winter garlic, 2018-2019. 

Variety Yield capacity, t/ha 
± before control 

t/ha % 

Sofievsky (control) 13,7 0 100 

Promin 12,1 -1,6 -0,12 

Dobrodiy 14,0 +0,3 +102 

Lyubasha 14,5 +0,8 +106 

НІР0,5 0,5 - 

 

The highest yield was observed in the variety Lyu-

basha – 14.5 t / ha, where the increase relative to control 

was – 0.8 t / ha. The Dobrodiy variety provided a yield 

of 14.0 t / ha, and in the control – 13.7 t / ha, which is 

0.3 t / ha less. The lowest yield among the studied vari-

eties of winter shoot garlic was obtained from the vari-

ety Promin – 12.1 t / ha, which is less than the control 

by 1.6 t / ha. Lyubasha variety had significantly higher 

yields in terms of control. The significance of this dif-

ference is confirmed by the results of analysis of vari-

ance. The variety factor influenced the yield of winter 

garlic plants with a force of 91%. 

The yield was influenced by the biometric indica-

tors of the underground bulbs of winter garlic (Table 6). 

Thus, the highest height was underground bulbs of gar-

lic winter shooting variety Lyubasha – 4.7 cm, which is 

more than the control variant by 0.4 cm and Dobrodiy 

variety by 0.1 cm. The lowest this indicator was in the 

variety Promin – 4.0 cm, which less than the control op-

tion by 0.3 cm 
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6. Biometric indicators of underground bulbs of winter winter garlic, 2018-2019. 

 

The same pattern was obtained for the diameter of 

the underground bulbs of winter garlic. In particular, the 

highest this indicator was in the variety Lyubasha – 4.4 

cm, and in the control by 0.3 cm less. The underground 

bulbs of Promin garlic had the smallest diameter – 3.8 

cm, which is 0.3 cm less than the control. 

The mass of underground bulbs of winter shoot 

garlic was 54.3 – 65.4 g. It was the largest in the variety 

Lyubasha – 65.4 g, which is 3.9 g more than the control 

and 2.2 g more than the variety Dobrodiy. The smallest 

mass of underground bulbs of winter winter garlic was 

in the variety Promin – 54.3 g. 

Conclusions and prospects for further 

research. Thus, according to the research, it was estab-

lished that the varietal characteristics of winter shoot 

garlic varieties had an impact on the yield of under-

ground bulbs and their biometric indicators. The highest 

yield was observed in the variety Lyubasha – 14.5 t / ha, 

where the increase relative to control was – 0.8 t / ha. It 

was the largest in the variety Lyubasha – 65.4 g. 

 

References 

1. Agafonov A.F. Prospects for the creation of 

winter garlic varieties by seed reproduction. Vegetable 

growing and greenhouse farming. 2006. №9. P.7-8. 

2. Agafonov A.F. Garlic selection: results and 

prospects. Vegetable growing and greenhouse farming. 

2007. №4. Pp. 38-30. 

3. Agafonov AF Garlic selection Vegetable 

growing. 2007. № 8. S. 38-40. 

4. Barabash O. Yu., Sich Z.D., Nosko V.L. Care 

of vegetable crops. Kyiv– Berezhany: Research and 

Production Center "Innovation", 2008. 122 p. 

5. Barabash O.Yu. Vegetable: teaching method, 

manual. for agricultural students textbook lock K. 

2000. pp. 57-66. 

6. Barabash OY Bulbous vegetable crops. K .: 

Visha shk., 2002. 87 p 

7. Barabash O.Yu. Improving the methodology of 

conducting experiments with vegetable crops in the 

open ground. Variety research and protection of plant 

variety rights. 2005. № 1. pp. 54–59. 

8. Barabash O.Yu. Biological bases of vegetable 

growing. К.: Aristei, 2005. 350 p 

9. Bondarenko GL Methods of research in 

vegetable and melon growing. H.: Osnova, 2001. 370 

p. 

10. Bolotskiy AS. Bow. Garlic. Kharkiv: Folio, 

2002. 286 p. 

11. Bolotskikh AS Encyclopedia of vegetable 

growers. Kharkiv: Folio, 2005. 1088 p. 

12. Geruk A. Features of growing garlic. The Real 

Master, 2007. №9. Pp. 4-6. 

13. Lakin GF Biometrics. M .: Higher. school, 

1990. 352 p. 

14. Lihatskyi V.I. Growing winter and spring 

garlic in the Forest-Steppe of Ukraine. Vegetable 

growing, 2006. №2, p. 38-40. 

15. Lihatskyi V.I. World garlic market: 

requirements for varieties and main directions. 

Vegetable Growing, 2006. № 3. pp. 34-38. 

16. Oktyabrskaya TA Winter garlic from cloves 

and tubers. Vegetable growing and greenhouse 

farming, 2006, №11. P. 70. 

17. Popkov VA Garlic: biology, technology, 

economics, Minsk: Nasha Idea, 2012 768 p. 

18. Sidorenko I.I. His Majesty the Garlic. Garden 

and vegetable garden, 2005. № 3. P.2. 

19. Sidorenko I.I. His Majesty the garlic. 

Vegetable growing and greenhouse farming, 2006. № 

7. P. 22-24. 

20. Harepko V. Garlic. Vegetable growing, 2006. 

№ 4. P. 55. 

21. Orlowski M. Influence of some agrotechnical 

races on garlic. Bull. Warzywnictwa, 1984. №27. Pp. 

147-164 

22. Influence of seasoning of air onions and health 

of garlic cloves // Zeszyty naukowe Akademii 

Rolniczej w Krakowie Krakow: Zeszyt, 2001. P. 32–36 

 

  

Variety Number of fruit, p/plant 
Weight of fruit, 

g 
Fruit diameter, cm 

Sofievsky (control) 4,3 4,1 61,5 

Promin 4,0 3,8 54,3 

Dobrodiy 4,6 4,3 63,2 

Lyubasha 4,7 4,4 65,4 
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Аннотация 

Приведены результаты экспериментальной работы по изучению урожайности и динамики плодоно-

шения растений патиссона в зависимости от сорта. Исследованиями установлено положительное влияние 

сорта на формирование плодов растений патиссона. Выявлено, что в условиях Лесостепи правобережной 

Украины плодоношения патиссона продолжалось 7 декад. Наибольшую урожайность получено в гибрида 

Санни Делайт F1 – 39,7 т / га, что на 6,7 т / га превзошло контроль. Наибольшим процентом раннего урожая 

характеризовались растения Перлинка и Сашенька соответственно 1,5 т / га. 

Abstract 

The results of experimental work on studying the yield and fruiting dynamics of squash plants depending on 

the variety are presented. Studies have shown a positive effect of the variety on the formation of fruits of squash 

plants. It was revealed that in the conditions of the Forest-Steppe of the right-bank Ukraine the fruiting of squash 

lasted for 7 decades. The highest yield was obtained in the hybrid Sunny Delight F1 – 39.7 t / ha, which exceeded 

the control by 6.7 t / ha. The highest percentage of early harvest was characterized by Perlinka and Sashenka 

plants, respectively, 1.5 t / ha. 

Ключевые слова: патиссон, сорта, динамика плодоношения, урожайность. 

Keywords: squash, varieties, dynamics of fruiting, productivity. 

 

Formulation of the problem. Ukraine is one of 

the world's top 100 producers of open-ground 

vegetables. Every year the demand for vegetable 

products grows. Gaining popularity in the cultivation of 

uncommon vegetable crops, which includes squash. 

Squash belongs to the Pumpkin family and is a variety 

of hard-skinned pumpkin. This plant is characterized by 

a short growing season, and therefore comes to the 

consumer's table at an early stage, when the usual 

cucumbers and tomatoes do not bear fruit in the open 

ground. The Institute of Vegetable and Melon Growing 

of the Ukrainian Academy of Agrarian Sciences is 

engaged in the selection of vegetable crops, in 

particular squash in Ukraine. The task of vegetable 

growers is to study new varieties in soil and climatic 

zones of Ukraine. The study of varieties and hybrids of 

squash in the Forest-Steppe of the Right Bank of 

Ukraine is insufficient, so research on this issue is 

relevant. 

Analysis of recent research and publications. A 

study of the vegetable market showed that in recent 

years in the practice of vegetable growing, including 

foreign, squash has become widespread. It is very 

popular among consumers of the event. Squash has 

many advantages, which include high taste, rich 

chemical composition, short growing season, which 

allows you to quickly get fresh produce, intensive and 

long-lasting fruit.  

Modern science raises the question of nutrition 

and increasing the share of vegetable products in the 

daily menu. The consumer is no longer satisfied with 

just vegetables, but wants to have vegetables of a 

certain variety and quality. 

Homeland squash - Central America. It spread in 

Ukraine at the end of the 19th century. Squash - a bush 

variety of hard-boiled pumpkin, belongs to the 

vegetable pumpkin. The nutritional qualities of squash 

are much higher than those of zucchini. Squash pulp is 

tastier because it contains more valuable nutrients. 

Squash fruits are used unripe, they are used in food in 

fried, stuffed form. This delicious delicacy vegetable is 

easily digested by the human body. Squash fruits are 

often pickled, consumed boiled, fried. Young squash 

ovaries have a pleasant taste of mushrooms, tenderly 

crunchy and are a good vegetable dish. In its mature 

form, squash is well preserved, and in the winter 

months is also suitable for consumption. 

Compared with other common pumpkin squash 

has a less rich set and the presence of vitamins, but it 

has more fiber and ash elements. Squash fruits contain: 

5-13% dry matter, 2.5-5% sugars, 20-30 mg ascorbic 

acid, 0.6% pectin, provitamin A (0.2 mg%), B1 (0.06 

mg) , PP (0.3 mg). Squash contains much more ascorbic 

acid than pumpkin and zucchini. The seeds contain 50-

55% oil, as well as santonin, which provides squash 
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anthelmintic effect. The seeds are rich in total and 

protein nitrogen and ash (5.58%). 

Squash fruits contain easily digestible 

carbohydrates, pectin, vitamins and minerals that 

promote the assimilation of protein foods. Squash are 

especially useful in obesity, anemia, kidney disease, 

liver (promote better bile secretion and recovery of 

glycogen in the liver), gastric ulcer, as well as 

atherosclerosis. The caloric content of squash is about 

20 kcal per 100 g. 

Squash is an annual, shrubby and semi-shrubby 

form of a plant with a length of up to 30-60 cm. 

Morphologically, they do not differ from zucchini, but 

the fruits are bell-shaped, plate-shaped and round-flat 

shape. Fruit color - white, cream, green, yellow, 

without pattern and with a pattern in the form of stripes 

and spots. 

The surface of the skin is smooth, common and 

warty. Fruit weight from 100 to 800 g. Squash plants 

are larger than the zucchini, the stem is twisted, the leaf 

blade is entire, medium or large. Seeds are white, 

cream, smaller than zucchini (weight of 1000 seeds is 

65-85 g), retains germination up to 8-10 years, but the 

best sowing qualities in seeds 1-3 years of age. 

Squash grows and develops as a zucchini, but 

squash plants are later - to obtain technical maturity, 

suitable for consumption of fruits takes 60-70 days after 

germination, which is 10-20 days more than the 

zucchini. It takes 100-120 days to obtain 

physiologically mature fruits (with mature seeds). 

Squash is more demanding of heat than zucchini. 

Its seeds begin to germinate at a temperature of 13-14 

⁰C, but the optimum temperature for seed germination 

and plant vegetation is 25-27 ⁰C. At temperatures 

below 15 ⁰C the growth and development of squash 

plants is delayed, and at subzero temperatures the plants 

die. Although squash is drought resistant, it needs more 

moisture than zucchini. Watering helps to increase fruit 

yield. The seeds begin to germinate at a temperature of 

12-15⁰C. Under favorable conditions, seedlings emerge 

6-9 days after sowing. 

The optimum temperature for the growth of 

vegetative organs is 20-27 ⁰С, during flowering – 18-

20 ⁰С, for fruit set – 25-27 ⁰С. From other pumpkin 

squash differs in relative cold resistance. They do not 

tolerate prolonged cooling to 6-10 ⁰C. Squash does not 

tolerate shading, which leads to reduced yields. They 

are more demanding to moisture than zucchini. The 

greatest need for moisture during the period of mass 

flowering and fruit set. Plants are quite demanding to 

soil fertility, respond well to the application of organic 

fertilizers, prefer well-heated, fertile, medium loamy 

and light mechanical composition of soils. 

The purpose of research. Study of the dynamics 

of fruiting of squash plants depending on the variety, 

hybrid in the Forest-Steppe of the right-bank Ukraine. 

Research methodology. Studies to study the 

dynamics of fruiting plants of squash depending on the 

variety, hybrid in the Forest-Steppe of the right bank of 

Ukraine were conducted in 2016-2017. The soil where 

the study was conducted gray forest, medium loam, is 

characterized by the following indicators: the humus 

content is average and is 2.4%, the supply of P2O5 – 

21.2 mg / 100 g of soil, and K2O is low at 9.2 mg / 100 

g of soil. Soil acidity is close to neutral. Field 

experiments were performed (randomized blocks). The 

scheme of the experiment was developed according to 

the methodology of the research case. During the 

research, observations, records, calculations were 

performed. 

Sowing of seeds was carried out according to the 

terms recommended for the zone in the first decade of 

May. The experiment consisted of 4 variants, the 

experiment was repeated four times. Variants of the 

experiment were the following varieties and hybrid: 

Perlinka, Sashenka, Zhenichka and hybrid Sunny 

Delight F1. 

The technology of growing squash was common 

for the area. The method of cultivation is seedling-free. 

The direction of the rows was from north to south. 

During the experimental work used field, statistical and 

laboratory research methods. The study noted the 

beginning and mass emergence of seedlings, the 

appearance of the first, third and fifth true leaves, the 

budding phase, flowering of male and female flowers, 

the beginning of fruit formation, the beginning of 

technical maturity and the end of fruiting squash plants. 

Squash fruits were collected selectively as they 

were formed 3-4 times a week in accordance with the 

requirements of the current standard – "DSTU 6016: 

2008 Cucumber, zucchini, squash. Growing 

technology. General requirements "[2]. The weight of 

the fruit from each section was determined separately 

by weighing, the diameter of the fruit was measured 

using a caliper. The squash yield indicators obtained in 

the experiments were processed by the method of 

analysis of variance [5]. 

Research results. Harvesting squash fruits in 

2016 lasted 7 decades (Table 1). The beginning of 

technical ripeness was marked in the third decade of 

June, the last harvest was recorded in the third decade 

of August. The drop in air temperature in August led to 

the cessation of plant growth and the tying of squash 

fruits. The highest percentage of early harvest in 2016 

was obtained in the variety Sashenka – 1.5%. A slightly 

lower percentage of early harvest was recorded in the 

hybrid Sunny Delight F1 – 1.3%. 

The lowest this indicator was obtained in the 

variety Zhenichka – 0.9 %, which is less than the 

control by 0.3 %. The most intense fruiting of squash 

was observed in the second and third decade of July. 

During the period of intensive fruiting of squash, in 

particular in the second decade of July, the highest yield 

was obtained in the variety Sashenka – 12.5 t / ha, 

which is 1.2 t / ha more than the control variant and 

hybrid Sunny Delight F1 – 13.5 t / ha, which is 2.2 t / 

ha more than the control. In the third decade of July, the 

highest yields were obtained in the variety Zhenichka – 

8.5 t / ha and hybrid Sunny Delight F1 – 10.5 t / ha, 

which is 0.7 and 2.7 t / ha more than the control. In 

August, with each successive decade, a decrease in 

yield was observed due to a decrease in air temperature. 

The highest percentage of late harvest was obtained in 

the varieties Sashenka and Zhenichka, respectively 4.7 

and 5.3 %, which is higher than the control variant by 

1.6 and 2.2 %. A higher percentage of late harvest in 
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these varieties indicates the resistance of varieties to 

low positive temperatures. 

1. Dynamics of receipt of squash products depending on the variety, hybrid, 2016  

Variety, hybrid 

The period of receipt of squash products in 2016 

3rd 

decade of 

June 

the first 

decade 

of July 

the 

second 

decade 

of July 

3rd 

decade 

of July 

the first 

decade 

of 

August 

the 

second 

decade 

of 

August 

3rd 

decade 

of 

August 

Perlinka (control) 

t/hа 0,4 2,3 11,3 7,8 5,9 3,7 1,0 

% 1,2 7,1 34,9 24,1 18,2 11,4 3,1 

Sashenka 

t/hа 0,5 2,4 12,5 7,4 5,0 4,4 1,6 

% 1,5 7,1 37,0 21,9 14,8 13,0 4,7 

Zhenichka 

t/hа 0,3 2,4 12,3 8,5 4,8 4,1 1,8 

% 0,9 7,0 36,0 24,9 14,0 12,0 5,3 

Sunny Delight F1 

t/hа 0,5 2,5 13,5 10,5 5,9 4,3 1,4 

% 1,3 6,5 35,0 27,2 15,3 11,1 3,6 

 

Fruiting of squash varieties in 2017 lasted 7 dec-

ades (Table 2). The first harvest was carried out in the 

third decade of June, and the last harvest – in the third 

decade of August. The highest percentage of early har-

vest was observed in the variety Perlinka – 1.5%. In the 

first decade of July there was an increase in yield in all 

studied varieties and hybrids. The most intensive fruit-

ing was observed in the second and third decade of July. 

The highest yields in this period were provided by the 

variety Zhenichka – 12.6 t / ha and the hybrid Sunny 

Delight F1 – 13.8 t / ha, which is 0.8 and 2.0 t / ha, 

respectively, more than the control variant. The highest 

percentage of late harvest was recorded in the varieties 

Perlinka – 5.4 % and Sashenka – 5.0 %. 

 

2. Dynamics of receipt of squash products depending on the variety, hybrid, 2017 

Variety, hybrid 

The period of receipt of squash products in 2017 

3rd 

decade of 

June 

the first 

decade 

of July 

the 

second 

decade 

of July 

3rd 

decade 

of July 

the first 

decade 

of 

August 

the 

second 

decade 

of 

August 

3rd 

decade 

of 

August 

Perlinka (control) 
t/hа 0,5 2,4 11,8 7,7 5,8 3,6 1,8 

% 1,5 7,1 35,1 22,9 17,3 10,7 5,4 

Sashenka 
t/hа 0,4 2,6 11,5 9,2 4,8 4,1 1,7 

% 1,2 7,6 33,5 26,8 14,0 12,0 5,0 

Zhenichka 
t/hа 0,3 2,5 12,6 9,8 5,6 3,8 1,2 

% 0,8 7,0 35,2 27,4 15,6 10,6 3,4 

Sunny Delight F1 
t/hа 0,5 2,8 13,8 10,5 6,1 5,4 1,6 

% 1,2 6,9 33,9 25,8 15,0 13,3 3,9 

 

3. Commodity yield of squash fruits depending on the variety, hybrid, (average for 2016-2017) 

Variety, hybrid 
Yield capacity, t/ha 

± before control 

2016  2017  average 

Perlinka (control) 32,4 33,6 33,0 0 

Sashenka 33,8 34,3 34,1 +1,1 

Zhenichka 34,2 35,8 35,0 +2,0 

Sunny Delight F1 38,6 40,7 39,7 +6,7 

НІР05 1,5 2,1 - 

 

Observations and calculations of the dynamics of 

fruiting of squash fruits indicate that the formation of 

the crop is influenced by varietal characteristics and 

weather conditions of the growing season. With 

increasing temperature, the yield increases with 

decreasing – decreases, which was observed at the 

beginning and end of the squash fruiting period. 

An important indicator in the evaluation of 

varieties and hybrids of squash is the yield (Table 3). In 

2016, the highest yields were obtained in the variety 

Zhenichka – 34.2 t / ha and hybrid Sunny Delight F1 – 

38.6 t / ha, which is more than the control by 1.8 and 

6.2 t / ha. The significance of this difference is 

confirmed by the results of analysis of variance over the 

years of research. The same pattern was observed in 

2017. A significant increase relative to control was in 

the variety Zhenichka – 2.2 t / ha, in the hybrid Sunny 

Delight F1 – 7.1 t / ha. On average, in two years of 



Slovak international scientific journal # 47, (2020) 11 

research, the Zhenichka variety provided an increase in 

yield relative to control of 2.0 t / ha, and the hybrid 

Sunny Delight F1 – 6.7 t / ha. 

Conclusions and prospects for further 

research. Studies on the study of squash assortment 

indicate that the largest percentage of early harvest is 

provided by the varieties Perlinka and Sashenka. The 

highest percentage of late harvest is provided by 

Perlinka and Zhenichka varieties. On average, over the 

years of research, it was found that the most productive 

variety is Zhenichka – 35.0 t / ha and hybrid Sunny 

Delight F1 – 39.7 t / ha. 
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Abstract 

The article examines the main technologies and technological processes of pre-sowing soil tillage. Analysis 

of the main technical systems for performance of technological operations on pre-sowing tillage is carried out. It 

is justified that inter-row tillage does not lose its relevance due to capabilities to improve soil structure in row 
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spacing, effectively control herbicide-resistant weeds and apply solid and liquid fertilizers and plant protection 

products. 

Keywords: pre-sowing tillage, soil structure, inter-row tillage, weed control, fertilization. 

 

Formulation of the problem. World experience 

in tillage once again indicates that pre-sowing tillage 

plays a key role among the main agro-technical 

measures that guarantee high yields. Qualitative 

implementation of this operation creates optimal 

conditions for biological, chemical and physical 

processes, which increase the efficiency of all other 

measures taken in the process of growing crops. In 

modern agriculture, there are many tillage systems, the 

main of which are: the system of pre-sowing and inter-

row tillage. 

Early spring tillage before sowing of industrial 

crops is designed to destroy sprouts and weed seedlings 

and loosen the surface layer to a given, depending on 

the crop to be sown, to a depth of fine-grained condition 

to retain moisture. 

Pre-sowing tillage is performed to the depth of 

seed production to create favorable conditions for its 

germination, the main among which is the density of 

the seed bed and the evenness of the depth. 

Inter-row tillage should, among other things, 

saturate the soil with air, primarily carbon dioxide to 

activate nitrogen-fixing and other anaerobic bacteria. 

Analysis of researches and publications. The set 

of factors that significantly affect the field germination 

of seeds includes temperature and humidity of the pre-

pared soil, sufficient air capacity, the ratio between wa-

ter and air content, the alignment of the structural and 

aggregate composition of the soil to the required val-

ues. Well-known scientists such as O. Blesniuk, M. Vo-

lokha, I. Vasylchenko, S. Ivanov, V. Kulyk, S. 

Marynin, V. Nadykto, A. Ogienko and V. Opalko, M. 

Ogienko, S. Pascuzzi, I. Rogovsky, Y. Rozamaga, V. 

Sinchenko, J. Spall, L. Titova, V. Trokhanyak, V. 

Tomchuk, O. Tsyliuryk, O. Shustik and many others 

made a significant contribution to solving these prob-

lems. Despite the large number of tillage works, there 

is a constant need for research in connection with cli-

mate change, the emergence of new machines and tech-

nologies to determine their most appropriate use. 

Formulation of aims of the article. The purpose 

of these studies is to analyze the capabilities of tillage 

units of well-known manufacturers and recommenda-

tions for quality tillage before sowing of industrial 

crops, depending on the condition of the soil and the 

type of working bodies. 

Exposition of the basic material of research. 
Tillage is an important component of agriculture. Much 

attention is being paid to this issue today. Tillage is a 

set of methods of mechanical action on the top layer of 

soil in order to optimize conditions for plant develop-

ment and increase its fertility. Grinding of the arable 

layer can improve the water and air permeability of the 

earth, activate the activity of microorganisms, protect 

the field from weeds and diseases [1]. 

The choice of approach to tillage depends on the 

climatic features of the region, the biological character-

istics of the crop and its demanding. 

The main pre-sowing operations are early spring 

harrowing to cover moisture and cultivation. Harrow-

ing is carried out as soon as the ridges dry out from 

plowing. Harrowing should be carried out for one or 

two days. Delay in the implementation of this agricul-

tural measure leads to significant moisture loss and re-

duced yields.  

In fact, harrowing is mulching without cover 

materials. This group of agricultural measures includes 

early spring harrowing of frost, early spring harrowing 

of winter and perennial grasses, cultivation of steam, 

layering between rows of row crops, destruction of soil 

crust after rains. 

The effect is achieved by loosening the soil to a 

small depth in order to destroy the soil capillaries, 

which draw moisture from the lower horizons to the 

surface. That is, there is mulching of moist dry soil. 

Early spring harrowing of plowed, threshed or 

loosened paw aggregates allows to achieve several 

agronomic advantages at once. First, it allows the 

primary leveling of the area. Secondly, to form a 

protective fine-grained layer on the surface of the field, 

which significantly slows down the evaporation of 

moisture. Third, destroy small weed sprouts in the 

white thread phase. An additional advantage of early 

spring harrowing is a more uniform and partial grinding 

of semi-decomposed straw, if it remains on the surface 

[2]. 

Early spring harrowing does not require 

significant fuel costs, even with the use of wide-

reaching units. It should be emphasized that in regions 

with a sufficient level of moisture for carrying out early 

spring harrowing, toothed units are used, and in arid 

regions - needle units. The most efficient designs of 

such harrows include mesh-type units, in which each 

sector moves independently of each other. The ability 

to assemble hitches for early spring harrowing of a 

significant working width provides exceptional 

productivity and does not require the use of heavy-duty 

tractors. 

Equally important is the destruction of spring soil 

crust, which sometimes leads to mass oppression and 

even the death of winter cereals in many regions of 

Ukraine. At the same time, the activation of 

microbiological processes in the soil and the 

improvement of moisture and air circulation are 

launched. According to quite realistic scientific and 

practical data, early spring harrowing of winter allows 

to increase future yields by 10–20% [3]. 

Early spring harrowing of winter and perennial 

grasses is carried out by spring harrows with a flexible 

spring tooth that vibrates during tillage. They are 

sometimes called "ecological cultivators" for their mild 

action and beneficial effects on the land, 
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Fig. 1. Pre-sowing tillage when sowing winter wheat 

Source: formed by the author 

 

and are said to provide so-called "dry irrigation". 

That is, breaking the top layer of soil, allow spring 

moisture and air to circulate as freely as possible. 

Basically, spring harrows allow you to solve the 

following problems: 

• harrowing before sowing to remove germinating 

weeds; 

• destruction (grinding) and distribution of straw, 

plant residues in the field; 

• closure of soil moisture; 

• application of granular fertilizers; 

• high-quality finishing of the soil; 

• easy cultivation. 

The wide width of capture of such harrows, high 

working speed, high-quality copying of a relief of a 

field provide high variable productivity with excellent 

agrotechnical indicators of work at insignificant fuel 

consumption. Timely and correct use of such tools 

contributes to high yields. 

Compared to other types of tillage, the use of 

rotary harrows is probably the most expensive option 

for preparing the soil for sowing. However, as the 

experience 

 
Fig. 2. Application of a spring harrow for pre-seed harrowing of crops 

Source: [4]  
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of their use shows, it guarantees a quality result, ie 

the appearance of friendly seedlings and providing 

favorable conditions for their vegetation to form a high 

yield. For quality work of this harrow even difficult 

field conditions when other cars (with passive working 

bodies) in general are powerless do not interfere. 

Today on the market of Ukraine there are rotary 

harrows, the design of which embodies one of two ways 

of moving the working bodies - with a vertical or 

horizontal axis of rotation. It is necessary to distinguish 

the essence of tillage with teeth with active and passive 

angle of attack: the difference is how the cultivated soil 

"behaves" using a particular type of working body. 

Thus, at the passive angle of attack of the tooth, the 

surface layers of the soil are directed downwards, and 

with them - all the crop residues that could remain on 

the surface from the previous technological operation. 

This principle of operation creates an optimal picture of 

mixing. As for the teeth with an active angle of attack - 

they tend to "lift" the ground. In this case, the mixing 

effect will be weaker, but large soil fractions (lumps) 

will be brought to the surface, which will further protect 

the field from water and wind erosion. In addition, such 

teeth undermine the soil, destroying shallow seals, and 

prevent their re-formation [6]. 

 

 
Fig. 3. Application of a rotary harrow on sunflower crops 

Source: [5]  

 

A new innovative solution in the market of liquid 

preparations was the American injector system 

SpikeWheel, for the introduction of liquid fertilizers 

and soil insecticides [7]. 

The innovative SpikeWheel system is 

characterized by one-pass application of liquid 

fertilizers and loosening the soil on the principle of a 

rotary harrow. In addition, this type of fertilizer ensures 

good development of the root system and is ideal for 

mulching and direct sowing, as liquid fertilizers act in 

the root zone and are not lost due to runoff or 

evaporation. Also, the effect of a rotary harrow has a 

positive effect, especially on clay soils. Due to the fact 

that fertilizers are not applied superficially, weed 

growth is also reduced [7]. 

Pre-sowing rolling is somewhat more efficient 

than post-sowing. This measure is necessary in the 

technology of growing sugar beets. Pre-sowing tillage 

is usually carried out when the physical maturity of the 

soil, without allowing a large gap 
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Fig. 4. SpikeWheel system for early spring winter feeding 

Source: [8]  

 

between pre-sowing tillage and sowing, as this 

will lead to a significant loss of moisture in the soil. 

The best tools for pre-sowing tillage are combined 

units, cultivators and harrows. It is these tools that can 

achieve shallow and even loosening of the soil. To meet 

all the conditions to achieve this goal, it is necessary to 

have units that will help in this. 

Some of them include several domestic counter-

parts.  

Steam cultivator KPS-4. This cultivator is used for 

multi-tiered loosening of the soil before sowing and de-

struction of various types of weeds, while harrowing is 

carried out at speeds up to 12 km / h. 

This model is available in two versions - trailed 

and mounted, there is also a device for attaching addi-

tional harrows. The working bodies of the cultivator are 

universal arrow-shaped legs, they have a width of 27 

cm or 33 cm, the second element - loosening legs on a 

rigid rack, width of 35 to 65 mm, the last element - 

spring loosening legs, which have a width of 5 cm. 

Paw racks are mounted on special grills, which are 

hinged to the cultivator frame. Universal arrow paws 

are arranged in two rows in a checkerboard pattern. 

Paws 27 cm wide are fastened in the front row of the 

cooling tower, and in the secondary row - paws 33 cm 

wide on the long cooling tower [9]. 

 
Fig. 5. Steam cultivator KPS-4 

Source: [9] 
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Toothed harrow OR - 0.7 (70x60). The OR harrow 

- 0.7 is intended for loosening the soil, leveling the field 

surface, destroying weed seedlings. The width of cap-

ture is 0,70 m, and depth of processing varies within 2-

4 cm. Weight makes 9 kg. 

 
Fig. 6. Toothed harrow OR - 0.7 (70x60) 

Source: [9]  

 

BZSS harrow 1.0. The average harrow BZSS 1,0 

is the hinged tillage unit by means of which carry out 

various works on tillage. Harrowing is performed be-

fore sowing. The unit is a very strong metal frame in 

the form of a lattice with teeth that are attached to the 

joints. The working bodies are located at the same dis-

tance from each other at a right, sharp or any other an-

gle, depending on the required depth. 

The harrow of BZSS 1,0 is intended for: 

• field alignment; 

• loosening the top layer of soil before plowing; 

• breaking large lumps no larger than 5 cm; 

• removal of young weeds that have been pulled to 

the surface by a plow [9]. 

It is aggregated with tractors of classes 0,9-5,0 TF, 

can also be used simultaneously with other types of 

units and agricultural machines. 

Technologies for growing row crops using 

pesticides do not preclude mechanical care of crops. 

Quite often this is due to the emergence of weeds 

resistant to modern herbicides, unproductive moisture 

loss due to evaporation, as well as compaction and 

flooding of the soil after heavy rainfall during the initial 

phases of the growing season. 

There are three main structural schemes of com-

bined units: of several series-connected simple ma-

chines, each of which performs a separate operation; a 

machine with sequentially installed simple working 

bodies to perform several operations; machine with 

special combined working bodies for consistent execu-

tion of technological process. Depending on the condi-

tion of the soil environment (hardness, density and soil 

moisture), combined tillage units may have different 

sets of working bodies. In fields with high soil mois-

ture, preference should be given to additional equip-

ment of units with toothed harrows, cultivator legs, and 

in arid conditions - rollers of different types. 

Combined units for pre-sowing tillage in one pass 

provide leveling of the field surface, loosening it to a 

certain depth, crushing to a certain fraction in size, 

compaction and preparation of the bed for sowing. The 

advantages of these tillage machines are: replacement 

of 5-6 single-unit units; reduction of labor and fuel 

costs by 30%; reduction of terms of performance of 

works; preservation of moisture in the soil; creating a 

homogeneous density of the seed layer of the soil. In 

the designs of modern combined units for pre-sowing 

tillage such working bodies as an arrow paw on an S-

shaped spring rack, bar rollers, toothed leveling knives 

are introduced, which allows to improve the quality of 

work. Hard alloys are used to increase the wear re-

sistance of the surfaces of the working bodies, which 

ensures their high reliability and durability [10]. 

In the combined tillage machines for surface 

tillage, including pre-sowing, the separation of working 

bodies and increase of the general width of capture is 

provided. Elastic working bodies with loosening 

(chisel-shaped) or arrow paws 30 to 200 mm wide are 

widely used, as well as rotary lump shredders with field 

surface levelers [10]. 

Because weeds compete with cultivated plants for 

batteries, limiting their harmfulness has been and re-

mains a major problem in agriculture. 

The most environmentally friendly method of con-

trol is weeding. Of course, the disadvantage of this 

method is obvious - it is very time consuming if a per-

son does it. But this task can be entrusted to the robots. 

A combination of agronomic and chemical controls is 

most effective against weeds. 

Inter-row tillage is performed to control weeds 

and loosen the soil. With the help of inter-row tillage, a 

mulching layer is created on the soil surface, which pre-

vents the formation of soil cracks, through which mois-

ture evaporates intensively. Mechanical tillage between 

rows increases water permeability and improves the air 

regime of the soil. 

Inter-row tillage operations make it possible to 

maintain the top layer of soil in a small lump state. This 

contributes to the creation of the best water-air regime 

and the activation of microbiological processes. 

Inter-row tillage of row crops begins after the ap-

pearance of 3-4 leaves on the seedlings. Two to five in-

ter-row treatments are carried out during the entire care 

period. The depth of cultivation depends on the soil and 

climatic conditions of the zone and is: the first cultiva-

tion - 8 - 12 cm, the second - 6 - 10, the third and sub-

sequent - 4 - 8 cm. Quite often cultivation is combined 

with fertilizing crops [11]. 

At interrow cultivation between plants in lines and 

the processed part of interrows leave a protective zone. 
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The latter is necessary in order, firstly, not to cut the 

cultivated plants during cultivation, and secondly, so 

that the soil particles that will rise and move with the 

paws of cultivators, do not sprinkle and do not injure 

the seedlings. The width of the protection zone depends 

on the phase of plant development and is 7 - 17 cm. The 

most used protection zones during the first, second and 

third treatments are 10, 12–13 and 15 cm, respectively 

[12]. 

 
Fig. 7. Processing of line protection zones 

Source: [12]  

 

There are two types of cultivators. Some of them 

provide only a variety of mechanical tillage between 

rows, and others, in addition to tillage implements, are 

also equipped with fertilizer spreaders and a system of 

feeding pellets under the paw and allow you to process 

the rows and apply granular fertilizers. 

When inter-row tillage without fertilizing with 

mineral fertilizers, the working bodies of cultivators 

must completely cut weeds in between rows, do not tol-

erate a wet layer of soil on the field surface, do not dam-

age plants more than 1-2%, do not deviate from the 

specified depth (for shallow tillage it is 1 cm, and for 

deep - 2 cm). When hilling the plants, the working bod-

ies must form an even ridge of a given height, covering 

the bottom and walls of the furrow with loose soil. 

When inter-row cultivation with simultaneous 

feeding of plants, cultivators, in addition to the above 

requirements, must provide the following. The devia-

tion of the fertilizer application dose from the set one 

should not exceed 15%, and the uneven sowing of fer-

tilizers between the fertilizer spreaders should be less 

than 5%. Deviation of depth of wrapping of fertilizers 

from the set to 3% is allowed, and damage of plants 

thus should not exceed more than 5%. 

The frequency of inter-row tillage and their num-

ber depend on the structure and condition of the surface 

layer of the soil, the degree and type of crop contami-

nation, biological characteristics of row crops, the du-

ration of the growing season. In the conditions of dense 

soils, at strong weeding of crops and the long vegetative 

period the quantity of cultivations increases. Each sub-

sequent inter-row treatment is carried out approxi-

mately 15-20 days after the previous one. The effi-

ciency of cultivation increases if it is performed shortly 

after the rain. 
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Fig. 8. Interrow cultivation of sunflower: before and after the passage of the cultivator 

Source: formed by the author 

 

The depth of cultivation between rows of row 

crops depends on the timing, the phase of plant devel-

opment and soil moisture. In arid areas, the first inter-

row tillage is performed to a depth of 10-12 cm, the 

second - at 8-10 cm, and the third (if necessary) - at 6-

8 cm in places of sufficient moisture, this sequence is 

optional, because the probability of drying the soil is 

low. 

 
Fig. 9. Rain erosion between rows of corn after loosening 

Source: formed by the author 

 

Intensive cultivation technology of row crops al-

lows to significantly reduce the number of crop care op-

erations, but does not preclude their use if necessary. If 

weeds appear on crops, they are destroyed by a combi-

nation of chemical and mechanical methods. 

Depending on the tasks of cultivation, soil and cli-

matic conditions, the method of sowing and the grow-

ing season on row cultivators, different working bodies 

are used. 

The working bodies of row cultivators include var-

ious paws, hilling and furrow-cutting housings, feeding 

knives, needle discs, teeth of harrows, rotors, disc 

knives, etc. 

Depending on the purpose of the paws are divided 

into weeding, loosening and hilling. Weeding paws in-

clude one-sided (razor paws), pointed flat-cutting paws 

and universal arrows, loosening paws - chisel-shaped 

or naralnikovy, and hilling paws - hilling paws and hill-

ing bodies. 

One-sided flat-cut paws are designed for pruning 

weeds and loosening the soil to a depth of 6 cm. The 

paw consists of a riser, a horizontal part with a blade 

and a cheek. The cheek prevents the soil from dusting 
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the plants. There are right and left paws. The first is in-

stalled on the right side of the line, and the second - on 

the left. The blade of the paws is sharpened from above 

at an angle of 8-10 °. The thickness of the blade should 

not exceed 0.5 mm. When moving the paw in the soil, 

its blade cuts the roots of the weeds, cuts the soil layer, 

which moves on the working surface of the paw, is 

crushed and partially mixed. The width of the paws can 

be 85, 120, 150, 165 and 250 mm [12]. 

Arrow flat-cutting paws are used for tillage to a 

small depth (up to 6 cm) and its slight loosening. Use 

paws with a width of capture of 145, 150 and 260 mm. 

Arrow universal paws prune weeds and inten-

sively loosen the soil to a depth of 12 cm, they are used 

for tillage between rows. 

Loosening chisel-shaped paws are used for loos-

ening between rows of cohesive and dense soils to a 

depth of 16 cm. The lower part of the paw is bent for-

ward and has a pointed toe in the form of a chisel 20 

mm wide. This paw is quite well sunk into the soil and 

when moving deforms and loosens the soil to its full 

depth without removing the wet layer on the surface of 

the field. 

Hilling paws are used for hilling plants, pruning 

weeds in between rows and sprinkling weeds in the pro-

tective areas of the row. The paw consists of a riser, a 

double-sided shelf with sliding wings and a sock-

pointed, pointed on both sides. During operation, the 

sock-cutter cuts the soil and moves it to the left and 

right working surfaces of the shelf, which direct it to 

the row area, forming a ridge. The height of the soil 

ridge is regulated by the movement of the wings in 

height. 

The hilling corps with a lattice shelf has an arrow 

paw in the lower front part instead of a naralnik, and 

cutouts in the wings of the shelves. The pointed paw of 

the body cuts the soil between the rows and feeds it on 

the shelf. Part of the soil is scattered through the gaps 

between the paw and the front of the shelves and falls 

to the bottom of the furrow. The fingers of the wings of 

the shelves loosen the sides of the ridge and the walls 

of the groove. The bottom of the furrow becomes loose. 

One-sided hilling corps (depth of cultivation - up to 16 

cm, height of the ridge - up to 25 cm) are used for cut-

ting small ridges [12]. 

The furrow cutting corps is intended for cutting of 

irrigation furrows on depth to 20 cm with simultaneous 

introduction of mineral fertilizers. The case has a naral-

nik, a bilateral shelf, wings, a funnel for fertilizers and 

a riser. 

The feeding knife is used for loosening between 

rows and wrapping fertilizers in the soil to a depth of 

16 cm. It has the form of a loosening chisel-shaped 

paw, to which is attached a funnel for feeding fertilizers 

to the bottom of the furrow. 

Spring teeth are used for loosening the soil in the 

protective zones and between rows. The frame with 

spring teeth is hinged to the cultivator holder.  

Rotary needle discs are used to destroy soil crust 

and kill weeds. They have pointed teeth bent to one 

side. Diameters of disks - 350, 450 and 520 mm. During 

the movement of the discs in the rows and protective 

zones, the teeth sink into the soil to a depth of 9 cm, 

loosen it, destroy weeds [12]. 

Paws-shelves are used for pruning weeds, loosen-

ing the soil and sprinkling weeds with soil in the pro-

tective zone of the row. The paw consists of a riser and 

a curved shelf of left or right rotation. Paws-shelves are 

installed on the left and right side of the row at a dis-

tance of 25-27 cm from its axis. Depth of cultivation - 

up to 8 cm. 

Weeding harrows are spring teeth attached to the 

frame. They are designed for loosening the soil between 

rows and protective zones. Harrows are installed on 

cultivators, hingedly attached to the bracket of the cul-

tivator section holder in order to better copy the terrain. 

A wide-reaching flat-cut paw prunes weeds and 

loosens the soil between rows. The angle of crushing 

the paw is 10 °. Paws are 250 and 360 mm wide. A 

weeding disk with knives is attached to the end of the 

paw. During operation, the disc rotates, the knives cut 

the weeds and loosen the soil. Depth of cultivation - 60-

80 mm [12]. 

On most cultivators for interrow cultivation the 

working bodies are established by means of a parallel-

ogram suspension bracket. Feature of a design of a par-

allelogram suspension bracket of section of working 

bodies consists that at decrease or increase in depth of 

the course of paws their angle of occurrence remains 

invariable. The beam moves parallel to its initial posi-

tion. In front of the beam is a support wheel, which 

when moving copies the irregularities of the terrain. 

Systematic tillage between rows of row crops is 

carried out to control weeds, if the farms do not have 

highly effective herbicides. Inter-row tillage also 

creates a mulched layer of dry soil on the surface, which 

prevents the formation of cracks on loamy soils, 

through which moisture evaporates intensively, and 

increases water permeability and improves the air 

regime of the soil. 

The timing of inter-row tillage and their number 

depend on the density of the structure and condition of 

the soil surface, the degree and type of contamination 

of crops, the duration of the growing season and the 

biological characteristics of row crops. On dense soils, 

with heavy weeding of crops and a long growing 

season, the number of treatments increases, each 

subsequent is performed in 15 - 20 days after the 

previous one. If the treatment is carried out shortly after 

the rain, it is more effective. 

The depth of inter-row cultivation depends on the 

timing of its implementation, the phase of plant 

development and soil moisture. In arid areas, the first 

row spacing is performed at a depth of 10 - 12 cm, the 

second - at 8 - 10 cm, the third (if necessary) - at 6 - 8 

cm. If there is enough moisture, this sequence is 

optional, so that the probability of drying the soil is low. 

Corn and sunflower. The working bodies of 

cultivators for cultivation between rows of row crops 

can be paws, razors, chisels, spring teeth, needle disks 

and their various combinations. For example, a 

symmetrical cultivator paw is installed in the middle of 

each section for corn or sunflower, and one-sided flat-

cutting paws are mounted on the sides [12]. 
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During the first inter-row cultivation, an untreated 

strip 5 - 7 cm wide should be left on both sides of the 

row, and 7 - 10 cm should be left for the next 

treatments. The larger the plants, the wider this 

protective strip should be, on which weeds destroyed 

by tape application of herbicides. 

Practice has shown that with the mechanized 

technology of growing corn it is necessary to carry out 

two inter-row cultivations - the first with weeding 

harrows to a depth of 6 - 8 cm, the second - with paws 

to destroy weeds by 4 - 6 cm. In the case of compaction 

, swimming and cracking of the soil, only one inter-row 

tillage to a depth of 4 - 6 cm is effective. 

Sugar beets. After the emergence of sugar beet 

seedlings, when the rows are clearly visible, the first 

inter-row tillage is performed with row cultivators 

equipped with protective disks, one-sided flat-cutting 

paws 15 cm wide, as well as 6-disc rotary batteries to 

destroy weeds and loosen the soil. Flat-cutting paws 

and protective disks are installed at a depth of 3 - 3.5 

cm, rotary batteries in between rows - at 4 - 5 cm. 

After the formation of crop density, loosening the 

soil between rows should be combined with 

fertilization. For this purpose the cultivator is equipped 

with chisels and flat-cutting paws. The soil is loosened 

to a depth of 6 - 8 cm. In case of unstable moisture, 

three inter-row cultivations are enough, which should 

be carried out before closing the leaves in the rows [12]. 

Potato. In the case of the ridge method of growing 

potatoes, the field is loosened on the 8th - 10th day after 

planting with cultivators equipped with arrow paws and 

razor legs. In the unit with a cultivator in the middle of 

a line start up reticulated harrows. The second time the 

soil is loosened to a depth of 10–12 cm, when potato 

sprouts germinate by 3–4 cm. If it rains, the soil is 

compacted and weeds germinate, then a third inter-row 

cultivation to a depth of 7–8 cm is required [12 ]. 

Oilseeds. During the cultivation of oilseeds, the 

number and intensity of inter-row tillage depends on 

the weediness of crops. On pure crops, one cultivation 

to a depth of 8–10 cm is sufficient during the growing 

season. Re-cultivation should be carried out on weedy 

fields. On medium and heavy soils, inter-row tillage is 

performed regardless of weed infestation. 

In the southern regions, the first inter-row 

cultivation of sunflower and castor is carried out to a 

depth of 10 - 12 cm. During subsequent cultivations, 

the depth is reduced so as not to damage the root system 

of plants, which is located close to the soil surface. The 

depth of the second row spacing should be 

approximately 8 cm, the third and, if necessary, the next 

- 4 - 6 cm. 

Soybean cultivation should begin during row 

formation, but not later than the unfolding of the first 

trifoliate leaf. Inter-row tillage for high-quality 

loosening of the soil is carried out by cultivators with 

arrow paws with minimal protective zones of rows (6 - 

8 cm) to a depth of 6 - 8 cm. The next tillage is 

performed 12 - 15 days after the first to a depth of 5 - 6 

cm. Rapeseed and mustard crops are cultivated to a 

depth of 4 - 5 and 6 - 7 cm, respectively [12]. 

Hilling of plants. Plants of row crops are pounded 

to sprinkle the soil on the base of the stems and at the 

same time loosen the top layer of soil. In particular, 

when pounding potatoes, the lower part of the stems is 

sprinkled with soil on all sides, in the presence of 

sufficient moisture it promotes the formation of stolons. 

In dry years, repeated hilling of potato plants is 

harmful, as it leads to increased evaporation of moisture 

from the loose soil. 

Hilling of corn plants with moist soil enhances 

root formation. Sprinkling the lower part of the stems 

of some crops especially promotes their rooting on 

irrigated lands. Hilling in irrigated areas is useful for 

almost all row crops, especially for vegetables. 

Hilling of oilseeds is performed when the height 

of weeds does not exceed 10 cm, and cultivated plants 

- 30 - 40 cm. They are most effective in wrapping 

weeds if they are installed at an angle of 30 ° to the 

direction of movement of the unit at depths up to 5 cm 

and speeds up to 8 km / h. 

Crop care for the main soil and climatic zones of 

Ukraine is almost the same. The Institute of Potato 

Growing has two care systems: 

1. The first includes pre-emergence and post-

emergence inter-row tillage to loosen and control 

weeds. The care system also includes treatment of crops 

with pesticides against diseases and pests, watering in 

case of moisture deficiency. 

2. The second system of crop care includes 

elements of resource-saving technology of potato 

cultivation, when 4-5 inter-row tillage is replaced by 

one method of ridge formation. Volumetric ridges are 

formed after planting the tubers when their sprouts 

appear near the soil surface by milling or disc row 

spacing cultivators. Weed control is carried out using 

highly effective herbicides. 

In the Forest-Steppe and Polissya, post-emergence 

cultivation of potatoes is performed with hillers. At the 

same time, a 3-4 cm layer of soil is poured on the ridge, 

which prevents the tubers from being affected by late 

blight. During the third tillage, it is pounded 8-10 and 

10-12 cm from the bottom of the furrow. If the soil is 

compacted, before each hiller set chisel-shaped paws to 

a depth of 10 - 12 cm. In case of lack of moisture in the 

soil instead of hilling spend shallow (4 - 6 cm) 

loosening between rows. 

In regions with excessive moisture, the water-air 

and temperature regimes of the soil can be regulated by 

hilling plants. After hilling, the soil surface remains 

ridged, better heated by warm air and evaporates more 

moisture. Increasing the area of the evaporating surface 

after hilling helps to eliminate excess moisture, which 

ultimately improves the nutrient regime of the soil. 

Now in European countries fire cultivators are be-

coming more and more popular. The use of fire reduces 

the population of weeds without the use of herbicides. 

It runs on natural gas or liquid propane. Carefully di-

rected flames raise the temperature in the weeds, caus-

ing the destruction of their cells. This effect effectively 

destroys pests without damaging the crop. As a result 

of the use of fire cultivators, some farmers have found 

that the flame controls the presence of even weeds such 

as ragweed. The only downside is the impossibility of 

using combustion on crops such as soybeans, because 

the point of plant growth is above ground. Whereas fire 
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cultivators have shown the greatest efficiency in maize, 

where the point of growth is under the ground. In addi-

tion, humidity and wind strength should be controlled, 

as excessive moisture and strong winds reduce the ef-

fectiveness of the flame. After cultivating with a fire 

cultivator, the leaves of weeds look dull and it is easy 

to leave a visible fingerprint on their surface. In 2018, 

the Ukrainian company created the first fire cultivator. 

The new technology will save up to 80% on the pur-

chase of plant protection products [13]. 

Of course, under normal conditions, having started 

a cultivator in crops, we are forced to take into account 

that a certain percentage of plants will be damaged. At 

the same time, if an insufficiently qualified operator 

will work at the wheel, and the settings of the unit will 

be made improperly, you can expect quite significant 

losses. 

That is why accurate navigation will reduce the 

potential damage to plants to zero, and this may even 

apply to the removal of the crust by rotary harrows on 

winter crops.  

In any case, accurate navigation will significantly 

expand the capabilities of the economy.  

For example, in the case when the soil herbicide 

does not work for one reason or another. 

A systematic approach to weed control is also pop-

ular. Spanish scientists have developed machines to 

control them. Small hoe robots, by receiving infor-

mation from a real-time weed positioning map (GPS), 

automatically destroy weeds that grow between culti-

vated plants in a row. Advantages of the method in the 

accuracy of weed removal and recognition of a wide 

range of crops. 

It is difficult to say which weed control method is 

best.  

The decisions made by each farmer are based on 

his personal goals, experience and capabilities.  

But we must not forget that the most important 

thing in weed control is a healthy ecosystem that needs 

to be improved and maintained.  

This approach will increase the yield and sustain-

ability of crops and significantly reduce the cost of con-

trolling unwanted plants. 

The new miracle technique was developed in the 

Department of Agricultural Robotics of the National 

Center for Precision Agriculture in Great Britain. 

Today we are already developing such sensors and 

instruments that can be determined by soil and water 

conditions; the presence of pests and diseases; weeding 

and determining crop growth rates.  

Robots will be able to actively improve growing 

conditions - for example, by removing weeds. 

 
Fig. 10. Application of fire cultivator 

Source: [13]  

 

Conclusions. Thus, pre-sowing tillage for late 

crops should be timely and focused on preserving soil 

moisture, prevent erosion and be performed immedi-

ately before sowing field crops. 

Pre-sowing treatment helps to preserve moisture 

in the soil and creates conditions for even wrapping of 

seeds to the required depth, which, in turn, improves its 

germination and further plant growth. This measure of 

land cultivation is so important that it further deter-

mines the entire development of the plant, including the 

uniformity of crop maturation and the quality of har-

vesting. It is performed to form a seedbed, evenly place 

the seeds in it and sprinkle loosenim soil. 

The main mistakes during the pre-sowing tillage 

are too early start of work - in the phase incomplete 

maturity of the soil, an excessive number of working 

passages due to the fact that certain operations are 

performed by different aggregates, high working speed 

of aggregates, deep pre-sowing loosening. 

A combination of agronomic and chemical 

controls is most effective against weeds. 

The most environmentally friendly method of con-

trol is weeding. Of course, the disadvantage of this 

method is obvious - it is very time consuming if a per-

son does it. But this task can be entrusted to the robots. 
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It is difficult to say which weed control method is 

best. The decisions made by each farmer are based on 

his personal goals, experience and capabilities. But we 

must not forget that the most important thing in weed 

control is a healthy ecosystem that needs to be im-

proved and maintained. This approach will increase the 

yield and sustainability of crops and significantly re-

duce the cost of controlling unwanted plants. 
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Abstract 

As a research result, it was established that the activities of germ cells in frozen-thawed semen with the 

introduction of gentamicin in the diluent in comparison with spermosan tended to a higher activity by 0.2-0.33 

points. 

Sperm with 5-7.6% gentamicin had a higher fertilizing ability among the experimental breeds. We can only 

talk about the tendency of higher efficiency of sperm of the Holstein red and black-spotted breed bulls. 

The use of sperm with gentamicin for artificial insemination of cows and heifers will increase the efficiency 

of reproduction and will allow to obtain additional products for each cow by UAH 761.5. 

It is recommended to use the drug gentamicin to rehabilitate the sperm of breeding bulls in order to reduce 

the duration of the service period and increase the efficiency of artificial insemination of cows and heifers. We 

recommend application of laboratory equipment HBO Bio-Test laboratory or IMV-2. 

Keywords: breeding bulls, semen, sanitizing drugs, spermosan, gentamicin, activity, sperm survival, frozen-thawed sperm, 

the effectiveness of artificial insemination. 

 

Topicality. Nowadays, the main task of animal 

husbandry is to increase production and reduce produc-

tion costs. It can be achieved by further intensification 

of animal husbandry improving the animal’s productive 

qualities and providing scientifically sound standards 

of feeding and keeping. 

Large-scale selection is impossible without the bi-

otechnological methods application in animal breeding, 

i.e. artificial insemination using deep-frozen sperm. 

The genetic improvement of animals is carried out due 

to the use of sperm of the most valuable breeding bulls 

tested for the offspring quality. 

The most intensive use of bulls-breeders for artifi-

cial insemination has been achieved in dairy farming, 

where tens and hundreds of thousands of highly pro-

ductive animals are obtained from individual bulls-

breeders. 

The role of heredity of high-quality breeders in the 

genetic improvement of dairy breeds of cattle reached 

90-95%. They are have become a golden fund of animal 

husbandry. 

The ability to reproduce is one of the physiological 

functions of mammals, it is under the constant influ-

ence of internal and external factors. I. Smirnov’s re-

search found that sperm outside the body are able to 

live in artificially made environment, i.e. diluents with-

out losing hereditary properties. 

However, sperm as a carrier of hereditary infor-

mation is very sensitive to the influence of various exoge-

nous factors affecting its functional properties. It is not al-

ways possible to create the necessary conditions for asep-

tic production of sperm of breeders, to comply with the 

necessary conditions for its evaluation and breeding. 

Microbial contamination of bull semen is the main 

cause of reduced sperm fertility, impaired embryogenesis, 

abortion, metritis, birth of dead or weak, non-viable calves 

(A. Kruhliak, 2018; S. Shalovilo, 1983). 

The topicality of the research is caused by the fact that the 

existing methods of obtaining and storing sperm do not provide 

sperm free of microorganisms. 

Analysis of recent research and publications. 

At breeding enterprises various microorganisms can get 

into the sperm of the bull from its skin, air, unsatisfac-

torily prepared artificial vaginas and utensils. Sperm is 

an ideal environment for the microorganisms’ develop-

ment. They emit harmful metabolic products that ad-

versely affect the vital functions of sperm. Thus, the 

problem of remediation of farm animals’ semen is rel-

evant, and methods of remediation of sperm need fur-

ther development and improvement. 

Antibiotics are organic substances synthesized by 

microorganisms in nature to protect against the inter-

vention of other species of microorganisms, and have 

the ability to inhibit the development or kill these mi-

crobes. 

As a rule, antibiotics are isolated from live bacteria 

or fungi. There are also a large number of synthetic an-

tibiotics differing in modifications of the functional 

chemical groups of natural antibiotics. Such modified 

compounds are often more effective or more resistant 

to neutralization due to the resistance acquired by mi-

croorganisms [4, 32]. 
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A characteristic feature of antibiotics is their abil-

ity to disrupt certain metabolic links of microorganisms 

or the action of some enzymes. 

A characteristic feature of antibiotics is the selec-

tivity of their action against microbes, i.e. each antibi-

otic affects only certain species. It is characterized by a 

specific antimicrobial spectrum of action. 

Antibiotics gradually slow down the reproduction 

of microorganisms in the body and they gradually de-

generate. The manifestation of the antimicrobial action 

of the antibiotic requires a constant continuous action 

over a period of time. They are distinguished by the 

mechanism of antimicrobial action as bactericidal and 

bacteriostatic [18]. 

Antibiotics exhibit primarily antimicrobial action 

(i.e. act on microbial cells). The point is the difference in 

the intensity of division and activity of microorganisms 

and cells of the body or sperm. Microbes multiply faster 

in the body; and antibiotics act on cells that multiply rap-

idly. So, antibiotics act primarily on microorganisms, and 

then (with a longer action) they act on cells [22]. 

Polymyxins are a group of narrow-spectrum anti-

biotics acting on gram-negative microorganisms. Anti-

biotics only help our defenses to fight infections that 

are unable to deal with them on their own. The most 

pronounced inhibition of hematopoiesis (leukopenia) in 

chloramphenicol [2]. 

Gentamicin is colorless or slightly yellow solu-

tion; 1 ml of solution contains 40.0 mg of gentamicin. 

Pharmacotherapeutic group is an antibacterial agent for 

systemic use. 

Gentamicin is a broad-spectrum antibiotic of the 

aminoglycoside group. It has a bactericidal effect, irre-

versibly disrupting the protein synthesis of the patho-

gen. It is active against most grams of negative aerobic 

bacteria (Klebsiella spp., Shigella spp., Serratia spp., 

Escherichia coli, Proteus spp., Enterobacter spp., Pseu-

domonas aeruginosa, Acinetobacter spp.), tagram-pos-

itive aerobic cocci, (Staphylococcus spp., including 

strains resistant to penicillin and other antibiotics). It 

does not affect Neisseria meningitidis, Treponemapal-

lidum, some strains of Streptococcus spp., and anaero-

bic microorganisms. 

The need to rehabilitate sperm was first pointed 

out by I. Ivanov. He used alcohol, salversan, neganol 

and others for this purpose. 

Nowadays various antibiotics are used for the re-

habilitation of animal sperm (penicillin, streptomycin 

and others), and sulfonamide drug (streptocide white) 

doth in Ukraine and abroad. 

According to the existing norms, freshly obtained 

sperm of breeding bulls must have a negative coli-titer 

and contain no more than 5,000 microbial bodies in 1 

ml. The permissible coli-titer of the prepuce wash 

should not exceed 1 to 100. 

Many species of microorganisms introduced with 

sperm into the genitals of females cause inflammation, 

the death of zygotes and embryos, as well as the death 

of newborns in the first days of life [12, 28]. 

The quality of sperm and the perfect diluents ap-

plication helping to maintain the sperm viability after 

processing are among the main factors ensuring inten-

sive reproduction of cattle [9, 25]. 

Thus, bactericidal and bacteriostatic substances 

are introduced into the composition to inhibit the devel-

opment of the microflora diluting sperm with synthetic 

diluents. 

The glucose-citrate-yolk (GCY) diluent is used to 

dilute the sperm of breeding bulls. It includes distilled 

or double-distilled water, glucose-medical anhydrous, 

pentahydrate sodium citrate, chicken egg yolk, spermo-

san-3 in the amount of 0.09-0.12 g per 100 ml amount-

ing to 75-90 thousand units. 

It should be noted that different amounts of antibi-

otics are used in the diluent for sperm of different ani-

mals’ species. So, 75-90, 50-70 and 25-30 thousand 

units of bulls, sheep and boars’ sperm are introduced 

per 100 ml. 

Various bacteriostatic substances of crystalline 

penicillin (sodium or potassium salt), streptomycin 

(sulfuric or hydrochloric acid), and streptocide have 

been used for sperm rehabilitation for 15 years. 

Spermosan is used for simplicity of synthetic dil-

uents manufacturing. The drug is a non-toxic to animal 

sperm mixture of antibiotics, 250 thousand units of 

penicillin; 250 thousand units of streptomycin; and 0.5 

g of streptocide. 

Each first ejaculate of frozen semen must be ex-

amined for bacteriological total contamination, coli-ti-

ter, the presence of fungi, Pseudomonas aeruginosa and 

anaerobic microflora [9, 16]. 

However, the disadvantage of long-term use of 

spermosan as an envoronment for dilution of sperm is 

that developing strains of microorganisms resistant to 

this drug. 

The most rapidly developing antibiotic-resistant 

strains are Staphylococci, Escherichia coli, Proteus, 

Pseudomonas aeruginosa, and Mycoplasma. 

The rehabilitation of sperm is its particular importance 

to species. Sperm of breeding bulls are more sensitive to an-

timicrobial drugs than sperm of other animal species. 

Rehabilitation by high concentrations complex 

combined drugs reduces their biological parameters 

and fertilizing ability. The effectiveness of artificial in-

semination depends on the quality of sperm, the good 

quality of the environment and sanitizing drugs as their 

part. Increasing the dose of sanitizing drugs increases 

the sanitizing effect, it also increases toxicity. 

Prolonged application of bactericidal drugs in 

sperm dilution environments promotes the microorgan-

isms’ resistant strains development. 

They have similar action on our body and micro-

organisms, they are less toxic. They differ in the effect 

substitution, action duration, efficiency, ability to accu-

mulate in organs and tissues, and the activity against 

some microbes [25] 

There are lots of research results on the sanitizing 

drug spermosan’s effect on the sperm of breeding rams. 

The introduction of spermosan into the ram’s se-

men at the rate of 25, 50, 75, 100, 125, 150 thousand 

units per 1 ml of diluted semen differently affects its 

quality. The spermosan dose of 25, 50, 75 thousand 

units did not have a negative effect on the ram’s semen 

after its dilution for 3-4 hours at a temperature of 2-30C. 

Sperm activity was in the control (without spermosan) 

[21]. 
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The spermosan doses of 100, 125, 150 thousand units 

decreased sperm activity by 0.4 points and was 7 points for 

these options. A similar situation was observed after 3-

4 hours of adaptation, i.e. the motility of sperm was 7.1 points 

in the control variant, it was 7.15 points in the variants with 

the addition of spermosan doses of 25, 50, 75thousand units. 

The mobility after adaptation decreased to 6.3; 

6.3; 6.5 points in variants with the addition of a 100, 

125, 150 thousand units spermosan dose. 

The most significant effect of spermosan high 

doses was observed in frozen-thawed ram’s semen. 

Sperm motility averaged 2.3 points in the control vari-

ant, the introduction of spermosan doses of 25, 50, 75, 

100, 125, 150 thousand units decreased it to 1.8, 1.75, 

1.5, 1.0 points [24]. 

It should be noted that spermosan application into 

the ram’s semen reduces the absolute sperm survival 

rate. Thus, this figure decreased more than 5 times 

(from 39.8 to 7.44 absolute units) after freezing-thaw-

ing, spermosan dose of 150 thousand units killed all 

sperm after freezing-thawing. The spermosan reduced 

the survival rate of native sperm from 39.8 to 8.5 absolute 

units. 

The research results indicate the inexpediency of sper-

mosan indication for sanitation of breeding rams’ sperm in 

doses above 50-75 thousand units. 

The spermosan doses of 100, 125, 150 thousand 

caused a decrease in sperm motility by 1.4 points, the sper-

mosan negative effect on sperm motility was observed in 

frozen-thawed sperm, too. 

Spermosan doses of 25, 50, 75 thousand units does 

not have a noticeable negative effect on the ram’s se-

men after dilution and 3-4-hour adaptation at a temper-

ature of 2-30C. 

Research of microbial contamination of native 

sperm of breeding bulls indicate that from 37.3 to 

45.4% of ejaculates did not meet the requirements of 

veterinary and sanitary rules in the reproduction of farm 

animals. 

According to scientific literature, the level of semen 

contamination is influenced by the obtaining method. Us-

ing the Kharkiv technology of aseptic sperm production, 

337 samples of native sperm were obtained from 60 breed-

ing bulls, 126 samples (37.3%) were found to be incon-

sistent with veterinary and sanitary norms.  

Using the generally accepted technology 245 sam-

ples were obtained from 28 bulls; they did not meet the 

requirements [13, 34]. 

The research results showed that the number of ejacu-

lates meeting the requirements of veterinary and sanitary 

norms was by 5.5-8.1% higher than with the Kharkiv tech-

nology of sperm production. 

The application of various sanitizing drugs in the dilu-

ents allows to improve the veterinary and sanitary quality of 

sperm. Thus, the results of the use of various antibiotics for 

sperm remediation show that the number of sperm samples 

not meeting the standards in the process of dilution before 

equilibration, after equilibration and freezing decreases 

compared to native sperm by 21.5, 34.1 and 40.8 %. 

It is established that microbial contamination of 

sperm is significantly reduced due to the action of the 

sanitizing drug after its equilibration and freezing. 

Decomsan was developed to rehabilitate sperm. It 

consists of benzylpenicillin sodium, streptomycin sul-

fate, and decamethoxine [30]. 

Freezing of sperm sanitized with spermosan re-

vealed a decrease in microbial contamination compared 

to untreated sperm from 1.3 to 25 times, and when san-

itizing sperm with decomsan microbial contamination 

compared with sanitized spermosan decreased from 1.9 

to 10.6 times, and by 37.5% of samples did not detect 

the growth of microorganisms. 

Thus, there is a 5 times probable reduction of mi-

crobial contamination of semen of bulls in comparison 

with unsanitized, it decreases by 2 times during reme-

diation with spermosan. 

Sanitary quality of native sperm of breeding bulls 

depends on the season. In autumn it is 1.41 times higher 

than in summer; it is 1.16 times higher in summer than 

in the winter-spring. 

There are some data on the sanitizing drugs effect on 

sperm activity. Spermosan is the main antibacterial agent 

used to rehabilitate sperm. It contains a series of non-toxic 

to sperm antibiotics. According to scientific data [41], the 

spermosan solution has a certain osmotic pressure. 6.2% so-

lution is isotonic for sperm.  

According to O.Buhrov and P. Skliarov, under the 

action of gentamicin (treatment of sperm before in vitro 

fertilization) the survival of zygotes did not decrease 

compared with the control, it even had a tendency to 

improve. You can add the antibiotic gentamicin at a 

concentration of 25 mg and 100 units per 1 ml of envi-

ronment to inhibit microbial contamination of zygotes. 

When diluting sperm with synthetic diluents, bac-

tericidal and bacteriostatic substances are introduced 

into their composition and have the ability to inhibit the 

development or kill these microbes. However, long-

term use of bactericidal drugs in media for dilution of 

sperm promotes the development of resistant strains of 

microorganisms. 

Research methods. Laboratory, microscopic, an-

alytical and biometric methods were used for the re-

search. The experiments were performed at the labora-

tory of UGC (Ukrainian Genetic Company). Sperm 

from breeding bulls is obtained in the arena. IMV la-

boratory equipment is used to evaluate sperm.  

The obtained evaluation results allow to determine 

automatically the degree of sperm dilution. Evaluated 

semen was diluted with synthetic diluents and frozen. 

Sperm has been stored in quarantine for one month. It 

is necessary to determine the quality of sperm, its bac-

terial examination for pathogens, and pathogenic mi-

croflora. It was stored in liquid nitrogen in stationary 

Dewar vessels at a temperature of - 1960C. 

Cryopreserved semen is sold to agricultural enter-

prises of various forms of ownership. Breeding bulls of 

Holstein red and black-spotted breeds, Simmental 

breed, and Aberdeen-Angus breed are kept in special 

rooms. 

Breeding bulls belong to the leading lines of their 

Cavalier breeds, i.e. selection index SI + 2100, Star-

buck – SI + 1553, Elevation – SI + 1150. 

Sperm from breeding bulls is obtained 2 times a 

week. The fetuses during the studies were clinically 

healthy, daily exercise in the circular corridor. Sperm 
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was obtained on a shortened, aseptically prepared arti-

ficial vagina with a disposable sperm receiver. 

Sperm was evaluated organoleptically and micro-

scopically according to SSU 3535-97 technical condi-

tions on sperm of native bulls [8]. 

Sperm volume and germ cell concentration were 

determined in 1 ml of ejaculate. Each ejaculate was ex-

amined separately. 

The volume of ejaculate was determined by 

weighing, i.e. 1 g of semen was equal to 1 ml. 

Sperm was assessed for activity using the IVOS 

computer system. The program allows you to assess the 

concentration and activity of sperm, it also provides in-

formation about the amount of solution required for 

sperm dilution. 

Sperm activity is assessed on a ten-point scale. 

The number of 9-point sperm is reduced to 90%; 8-

point sperm is reduced to 80%, 7-point sperm is re-

duced to 70%. Oscillated moving germ cells were con-

sidered conditionally dead and were not taken into ac-

count in the assessment. 

Sperm of breeding bulls with an activity of 8 or 

more points was allowed for application. 

The effect of such sanitizing drugs spermosan and 

gentamicin was studied on ejaculates divided into 2 

parts. The composition of glucose-citrate-yolk diluent 

included 30.0 g of glucose (medical, anhydrous); 14.0 

g of sodium citrate (three substituted pentahydrate); 

200.0 ml of chicken egg yolk; 1.000 ml of distilled wa-

ter, and sanitizing drug. 

 
Fig. 1. Research scheme 

 

Sperm survival was studied by determining the ac-

tivity after each hour of incubation at t = 37 ± 0.50C in 

diluted and frozen-thawed semen sanitized with various 

antibiotics until complete loss of motility; fertilizing 

ability of sperm after the first insemination [8]. 

The fertility of sperm containing various antibiot-

ics was researched taking into account their use in pro-

duction (according to the books of artificial insemina-

tion). Cows and heifers were inseminated at farms of 

Zhytomyr and Vinnytsia regions. The obtained results 

were systematized, the data were statistically processed 

using M. Plokhynskyi biometric method on a personal 

computer using Microsoft Office Excel. 

The duration of the service period was calculated 

by the formula. 

SP = 285
100365




Вт
,    (1) 

where SP – average herd service period;  

365 – days of the year;  

100 – per 100 calves;  

Вm – the actual number of calves per 100 cows;  

285 – number of pregnancy days. 

Meat and milk shortages were counted from 91 days 

after calving. 3 kg of milk and 0.3 kg of meat are lost every 
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day of the extended service period [25]. Economic evalu-

ation was performed according to existing requirements 

[10]. 

The statistically significant result was considered to 

be the difference between the values at which the coeffi-

cient * P> 0.9, ** P> 0.95 [29]. 

Research results. Sanitizing drugs used for the man-

ufacture of synthetic diluents have a certain effect on the 

survival of germ cells outside the body (Table 1). 

Table 1 

Sperm survival in freshly diluted semen of bulls of Holstein red-spotted breed 

Nickname  

of the breeding bull and num-

ber 

Incubation duration, hours 

Sperm activity, points 

0 3 5 7 8 

І ІІ І ІІ І ІІ І ІІ І ІІ 

Chancellor Red 768305280 8.5 8.5 5.0 6.0 4.5 5.0 2.0 2.0 SM 1.0 

Klariti Red 53476816 9.0 9.0 4.0 3.0 1.0 1.0 SM - - - 

Rubinrot Red 579530275 8.5 9.0 5.5 6.0 4.5 5.0 1.5 2.0 - 1.0 

Average 
8.67± 

0.17 

8.83± 

0.18 

4.83± 

1.17 

5.0± 

1.73 

3.5± 

1.17 

3.67± 

1.17 

1.75± 

0.57 
2.0 - 0.67 

Note: I – semen sanitized by spermosan; II – semen sanitized with gentomycin; SM – signs of movement; 0 – 

sperm activity immediately after dilution. 

 

Analysis of survival (Table 1) of germ cells in the 

semen of breeding bulls of Holstein red-spotted breed 

shows that sperm in semen with the addition of gen-

tamicin had a minimum activity of 0.67 points after 8 

hours of incubation, and sperm signs of movement 

were absent (Fig. 1). 

 
Fig. 2. Dynamics of sperm survival in the semen of bulls-breeders of Holstein red-spotted breed 

 

Analysis of Figure 2 shows that a significant dif-

ference in the dynamics of sperm survival in semen san-

itized by different antibiotics is not observed until the 

7th hour of incubation. The activity of germ cells was 

slightly higher in the semen of the 2nd group. Incuba-

tion of semen with the addition of gentamicin to the dil-

uent had an activity of 0.67 points in 8 hours, and sperm 

showed no signs of movement. 

It is known that if the sperm after 8 hours of incu-

bation has greater sperm activity, it has a better preser-

vation of motility in the genitals and greater fertility. 

The sperm of Aberdeen-Angus bulls with the ad-

dition of spermosan had a 22% higher activity com-

pared to that with gentamicin. However, the difference 

in the activity of sperm in the composition of diluents 

which were injected with different antibiotics was not 

detected for 7-8 hours of incubation, the activity was, 

respectively, 1.33 and 0.67 points (Table 2). 

The analysis shows that the semen in the diluent 

with gentamicin had a higher activity compared to sper-

mosan from the 3rd to the 7th hour of incubation 

(Fig. 3). 
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Table 2 

Sperm survival in freshly diluted sperm of Aberdeen-Angus bulls 

Nickname  

of the breeding 

bull and num-

ber 

Incubation duration, hours 

Sperm activity, points 

0 3 5 7 8 

І ІІ І ІІ І ІІ І ІІ І ІІ 

Avar 

0580607151 
8.0 8.5 4.0 4.5 2.5 3.5 2.0 2.0 1.0 1.0 

Rastelli 

2280847058 
8.0 2.0 4.0 4.0 2.0 3.0 SM SM - - 

Goldstar 

0665165485 
8.5 8.5 4.5 5.0 3.0 3.5 2.0 2.0 1.0 1.0 

Average 8.17±0.17 6.17±2.61 4.17±0.28 4.5±0.5 2.5±0.5 3.33±0.17 1.33 1.33 0.67 0.67 

 

Figure 3 shows that the activity of sperm of the 

second and first experimental groups decreases after 

five hours of incubation. However, it reduces the activ-

ity of sperm, which was diluted using gentamicin.  

 

 
Fig. 3. Dynamics of sperm survival in the semen of Aberdeen-Angus breed bulls 

 

It was found that sperm with various antibiotics 

had the same activity of 0.67 points in 8 hours (Table 

3). 

 

Table 3 

Sperm survival in freshly diluted sperm of Simmental bulls 

Nickname  

of the breeding 

bull and number 

Incubation duration, hours 

Sperm activity, points 

0 3 5 7 8 

І ІІ І ІІ І ІІ І ІІ І ІІ 

Valet 0696 6.5 7.0 4.5 5.0 3.0 3.5 2.0 1.0 1.0 - 

Inkubus 

577790071 
7.0 7.0 5.0 5.0 3.5 3.0 2.0 1.0 1.0 SM 

Mikron 9078 7.0 7.5 5.0 5.5 3.0 3.0 2.0 1.5 - SM 

Average 6.83±0.17 7.17±0.18 4.83±0.17 5.17±0.19 3.17±0.17 3.17±0.17 2.0 1.17±0.18 0.67 SM 

 

The study of sperm survival in diluted sperm of 

Simmental bulls showed that sperm with the introduc-

tion of gentamicin had a 6% higher sperm activity im-

mediately after dilution. Table 5 shows that the activity 

of sperm in the diluted sperm of Simmental bulls is 22-

28% less than in other experimental breeds. Studies of 

the dynamics of sperm survival in the semen of breed-

ing Simmental bulls sanitized with gentamicin did not 

have a rectilinear translational motion, and every sixth 

spermatozoon moved in a rectilinear translational man-

ner. However, during the first 5 hours of incubation, se-

men treated with gentamicin was more active (Fig. 4)  
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Fig. 4. Dynamics of sperm survival in the semen of Simmental breed bulls 

 

According to Fig. 4, the activity of the seed de-

creases in two groups from the first hour of incubation. 

However, the number of active sperms in the diluted 

semen with the addition of spermosan decreases more 

rapidly. The activity of sperm in the diluent with gen-

tamicin decreases sharply in the 5 hours, and their ac-

tivity is 0 in 8 hours. It should be noted that the activity 

of sperm in the diluent with spermosan had an activity 

of 0.67 points in 8 hours. 

The sperm activity in the sperm of Holstein black-

spotted bulls decreases during the incubation period, re-

gardless of the use of various antibiotics. However, the 

number of sperms in the semen decreases more rapidly 

with the use of spermosan in synthetic solvents (Table 

4).  

Table 4 

Sperm survival in freshly diluted semen of Holstein black-spotted breed bulls 

Nickname  

of the breeding bull 

and number 

Incubation duration, hours 

Sperm activity, points 

0 3 5 7 8 

І ІІ І ІІ І ІІ І ІІ І ІІ 

Chantal 370975117 8.9 9 4 3 1 1 SM  - -  - 

Tirso 1601859425 8.6 8.6 5.1 6.1 4.4 5 2 2 SM 1 

N. Bolta 114151975 8.5 9 5.5 6 4.6 5 1.5 2  - 1 

Average 8.67±0.1 8.870.11 4.87±1.21 5.03±1.76 3.33±1.19 3.67±1.3 1.75 2 - 1 

The activity of sperm (Table 6) in semen diluted 

with synthetic diluents decreases most intensively dur-

ing the first 3 hours (Fig. 5). 

 
Fig 5. Dynamics of sperm survival in the semen of Holstein black-spotted breed bulls 
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According to scientific data (Fig. 5) there is no dif-

ference in the activity of sperm sanitized by different 

antibiotics within 7-8 hours of incubation. 

After thawing of untreated sperm granules in 2.9% 

sodium citrate solution, sperm activity should be not 

less than 4 points, and the viability of sperm in a water 

bath at a temperature of 38 ± 0.50 C should be not less 

than 8 hours. 

Sperm activity after thawing is the main indicator 

determining its suitability for artificial insemination of 

cows and heifers. 

Studies of the activity of germ cells in frozen-

thawed semen indicate the presence of a certain rela-

tionship between the breed of bull-breeder and the du-

ration of their survival during incubation for 8 hours 

(Table 5). 

Table 5 

Sperm survival in frozen-thawed sperm of Holstein red-spotted breed bulls (M ± m) 

Nickname  

of the breeding 

bull and number 

Incubation duration, hours 

Sperm activity, points 

0 3 5 7 8 

І ІІ І ІІ І ІІ І ІІ І ІІ 

Chancellor Red 

768305280 
4.0 4.5 3.0 3.0 2.5 2.5 2.0 2.0 1.5 1.5 

Klaritti Red 

53476816 
4.0 4.5 4.0 4.0 2.5 3.0 2.0 2.5 1.0 1.5 

Rubinrot Red 

579530275 
5.0 5.0 4.0 4.0 3.0 3.0 2.0 2.5 1.5 1.5 

Average 
4.33±

0.67 

4.67±

0.17 

3.67±

0.67 

3.67±

0.67 

2.67±

0.17 

2.83±

0.17 

2.00±

0.0 

2.33±

0.17 

1.33±

0.17 

1.50

±0.0 

 

Table 5 shows that after thawing, after 5 and 8 

hours of incubation, the semen of breeding bulls of Hol-

stein red-spotted breed sanitized with gentomycin had 

a higher activity. However, it should be noted that the 

difference is insignificant, and we can only talk about 

the trend of higher activity. 

Analysis of the sperm activity dynamics in sperm 

sanitized with gentamicin shows that during the incu-

bation period, the percentage of spermatozoa with rec-

tilinear motion was higher than during sanitation with 

spermosan. However, it should be noted that after 3 

hours of incubation, the difference in the activity of 

sperm in the sperm sanitized by different antibiotics 

was not detected (Fig. 6). 

 
Fig. 6. Dynamics of sperm survival in frozen-thawed sperm of Holstein red-spotted breed bulls 

 

Analysis of the dynamics (Fig. 5) of survival of 

germ cells during incubation shows that after thawing 

sperm sanitized with gentamicin it had a higher per-

centage of sperm with rectilinear motion by 6%. 

Immediately after thawing, the activity of sperm 

in the semen of Aberdeen-Angus breeding bulls sani-

tized by spermatozoa was lower compared to other an-

tibiotics by 8%. The difference is not probable, we can 

only talk about the tendency of less activity. 

The analysis shows that the number of spermato-

zoa with rectilinear motion in the sperm sanitized with 

gentamicin was increased by 37-64% during the whole 

incubation period. 

The number of germ cells with rectilinear transla-

tional motion decreases, but the intensity of the de-

crease in the sperm diluted with the addition of spermo-

san is greater (Table 6). 
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Table 6 

Sperm survival in frozen-thawed sperm of Aberdeen-Angus bulls (M ± m) 

Nick-

name  

of the 

breeding 

bull and 

number 

Incubation duration, hours 

Sperm activity, points 

0 3 5 7 8 

І ІІ І ІІ І ІІ І ІІ І ІІ 

Avar 

0580607

151 

4.0 4.0 2.5 3.5 2.0 3.0 1.0 2.0 0.5 0.5 

Rastelli 

2280847

058 

4.0 4.5 3.0 4.0 2.0 3.0 2.0 2.5 0.5 1.0 

Goldstar 

0665165

485 

4.0 4.5 3.5 4.0 2.0 3.5 1.5 2.5 0.5 1.0 

Average 
4.00±

0.0 

4.33±0.

17 

3.00±

0.5 

3.83±0.

17 

2.00±

0.0 

3.17±0.

17 

1.50±

0.5 

2.33±0.

18 

0.50±

0.0 

0.83±0.

17 

 

The analysis of the obtained results (Table 6) 

shows that the introduction of gentamicin into the dilu-

ent has a positive effect on male gametes, which is ex-

pressed in their higher activity during the entire incuba-

tion period (Fig. 7).  

 
Fig. 7. Dynamics of sperm survival in frozen-thawed sperm of Aberdeen-Angus breed bulls 

 

The research of the dynamics (Fig. 7) of the Aber-

deen-Angus bulls sperm activity shows that in 8 hours 

of incubation spermatozoa with gentamicin has by 70% 

more spermatozoa with rectilinear motion in compari-

son with spermosan. However, the difference is not 

probable and we can only talk about their higher activ-

ity. 

Analysis of the results shows that the introduction 

of the diluent antibiotic gentamicin has a positive effect 

on male gametes of Aberdeen-Angus bulls, which is 

expressed in higher sperm activity at 8 hours of incuba-

tion. After thawing, the activity of germ cells of sperm 

bulls of Simmental breed is significantly inferior in this 

indicator to other experimental breeds, regardless of the 

diluent drug (Table 7). 

Table 7 

Sperm survival in frozen-thawed sperm of Simmental bulls (M ± m) 

Nickname  

of the breeding 

bull and number 

Incubation duration, hours 

Sperm activity, points 

0 3 5 7 8 

І ІІ І ІІ І ІІ І ІІ І ІІ 

Valet 0696 2.5 3.0 2.5 3.5 1.0 1.5 0.5 0.5 - SM 

Inkubus 577790071 3.0 3.0 2.0 2.5 1.0 1.5 - 0.5 - - 

Mikron 9078 3.0 3.5 2.0 2.5 1.0 1.0 0.5 0.5 - - 

Average 2.83±0.17 3.17±0.18 2.17±0.18 2.83±0.67 1.00±0.0 1.33±0.18 0.33±0.17 0.50±0.0 - - 
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The analysis shows (Table 7), regardless of the an-

tibiotic diluent, active sperm were not detected after 8 

hours of semen incubation. 

 

 
Fig. 8. Dynamics of sperm survival in frozen-thawed sperm of Simmental breed bulls 

It should be noted that after 5 hours of incubation, 

the activity of sperm was at the minimum allowable 

value (Fig.8). 

Analysis of sperm activity dynamics shows that 

during the whole incubation period the sperm of breed-

ing bulls of the second experimental group, in which 

the diluent was introduced gentamicin, had a higher ac-

tivity after thawing and after 5 hours of incubation by 

12 and 35% compared to the first. The difference in ac-

tivity is not probable, we can only talk about their 

higher activity. Sperm activity is affected by the breed 

of breeding bulls (Table 8). 

Table 8 

Sperm survival in frozen-thawed sperm of Holstein black-spotted breed bulls (M ± m) 

Nickname  

of the breeding bull and number 

Incubation duration, hours 

Sperm activity, points 

0 3 5 7 8 

І ІІ І ІІ І ІІ І ІІ І ІІ 

Chantal 370975117 4.2 4.6 3.1 3 2.6 2.5 2 2 1.5 1.5 

Tirso 1601859425 4 4.5 4.1 4 2.5 3.2 2.1 2.6 1.1 1.5 

N. Bolta 114151975 4.9 5.1 4.2 4.1 3.1 3.1 2 2.7 1.6 1.5 

Average 
4.37 

±0.45 

4.73 

±0.21 

3.80 

±0.74 

3.70 

±0.64 

2.73 

±0.21 

2.93 

±0.29 

2.03 

±0.01 

2.43 

±0.29 

1.40 

±0.14 

1.50 

±0.0 

 

The analysis shows that the activity of sperm in 

the gentamicin diluent tends to greater activity after 

thawing (Fig. 9). 

 

 
Fig. 9. Dynamics of sperm survival in frozen-thawed sperm of Holstein black-spotted breed bulls 

 

Analysis of the dynamics (Fig. 10) of sperm activ-

ity shows that a probable difference in the activity of 

sperm sanitized by different antibiotics is not observed. 

Semen treated with various antibiotics has minimal ac-

tivity after 8 hours of incubation. 

Fertility of sperms, the diluents of which included 

spermosan and gentamicin were studied at farms of 

Zhytomyr and Vinnytsia regions. 

The efficiency was determined by the results of ar-

tificial insemination of 1,780 heads of cows and heifers. 

According to the research results, sperm had a greater 
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fertilizing ability in the diluent with decomsan on aver-

age from 5 to 7.6% (Table 9). 

Table 9 

The fertility level of bull sperms using sanitizing drugs spermosan and gentamicin 

Breed 

Inseminated 

cows and heifers, 

heads 

Pregnant cows 

and heifers, 

heads 

Fertility level, % 

І ІІ І ІІ І ІІ 

Holstein black-spotted 269 251 185 186 69.0±2.0 74.1±2.7 

Holstein red-spotted 203 216 140 160 69.3±7.0 74.3±4.2 

Simmental 222 229 155 176 70.0±2.1* 76.8±3.2* 

Aberdeen-Angus 190 200 133 154 70.0±3.2* 77.6±2.1* 

 

Table 9 shows the Aberdeen-Angus and Simmental 

breeds sperm sanitized by Decomsan had the highest fertilizing 

ability among the experimental breeds of breeding bulls. The 

difference between sperm sanitized by spermosan and gen-

tamicin is probable (P ≤0.5) (Fig. 10). 

 

 
Fig. 10. Fertilizing ability of bulls semen sanitized by various antibiotics 

  

Fig. 10 shows that the higher fertility of Holstein 

red and black-spotted breeds sperm with gentamicin 

diluent can illustrate the tendency of higher efficiency. 

CONCLUSIONS 

1. A probable difference in the activity of sperm 

sanitized by different drugs was not found during incu-

bation. After 8 hours of incubation, the activity of 

sperm in the diluted sperm of breeding bulls of different 

breeds sanitized with spermosan and gentamicin had a 

minimum activity in the range of lim = 0.02-0.67 

points. The difference between the experimental groups 

was unlikely. 

2. The activities of germ cells in frozen-thawed se-

men with the introduction of the diluent gentamicin in 

comparison with spermosan tended to a higher activity 

by 0.2-0.33 points. 

3. Sperm with gentamicin (5-7.6%) had a higher 

fertilizing ability among the experimental breeds. Prob-

able difference was found in the fertilizing ability of 

sperm of the Aberdeen-Angus and Simmental breeds 

bulls (P> 0.95). We can only talk about the tendency of 

higher efficiency about the higher fertilizing ability of 

the Holstein red and black-spotted breed bulls. 

4. The use of semen for artificial insemination of 

cows and heifers with gentamicin will increase the ef-

ficiency of reproduction and reduce the duration of the 

service period by 24 days and will allow an additional 

73 kg of milk and 7.3 kg of beef per cow. The cost of 

additional products is 761.5 UAH. 

Suggestions to production. It is recommended to 

use gentamicin at a dose of 2 ml per 100 ml of synthetic 

diluent to rehabilitate the sperm of breeding bulls in or-

der to increase the efficiency of artificial insemination 

of cows and heifers. 

It is recommended to use a set of laboratory equip-

ment for collection, evaluation, packaging, storage of 

sperm of breeding bulls and its cryopreservation NVO 

Bio-Test laboratory, or IMV-2. 
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The article presents data on the sows’ productivity fed additionally by feed additives from the plant mass of 
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Statement of the problem. The improvement and 

development of new technologies plays a great role in 

the intensification. The herd reproduction improving 

plays is important among zootechnical measures aimed 

at increasing meat production and its profitability of 

production. The successful development of the industry 

should be determined by the livestock rational use, in-

creasing its productive qualities and growing young. 

The problem of growing and preserving young animals 

in the early stages of growth is one of the most im-

portant problems of zootechnics; it is dependent on 

sows’ milk productivity. The sows’ milk yield is a de-

termining factor in the growth and development of 

suckling piglets achieving the required live weight at 

early weaning. 

Proper organization of herd reproduction should 

be based on knowledge of the biological characteristics 

of lactation animals. 

Lots of issues remain unresolved despite the great 

progress made in this area. The features and patterns of 

pigs’ lactation, the impact of milk productivity on 

changes in piglet growth, the dynamics of milk produc-

tion in connection with economic and biological char-

acteristics (age, live weight, fertility haven’t been re-

searched properly. 

Unfortunately, we do not consider sows as dairy 

animals. They can produce up to 10 liters of milk at the 

peak of their productivity. A sow puts as much effort as 

a cow to produce the required amount of milk per hour, 

we still continue to take a general approach to feeding 

them. 

The modern production involves a group approach 

to sows, we will have to reconsider our attitude in the 

future; we mean the farrowing shop, ketosis syndrome 

can be observed in deeply pregnant sows because of 

specific nutrients lack (insufficient energy consump-

tion due to unbalanced diet or poor appetite) [1]. How-

ever, we can assume that the ketosis syndrome occurs 

after birth. However, it is wrong; it occurs before sows 

farrowing due to the intensification of lipolysis, in-

creased intake of free fatty acids. Triacylglycerols are 

not broken down, oxidized or excreted by the liver, 

which causes the rapid development of signs of fatty 

hepatodystrophy. It should be noted that we are not 

talking about a specific physiological prenatal ketosis, 

but about the ketosis syndrome causing anorexia (the 

level of ketone bodies 4 - 8 mmol / l) [1, 2]. 

The drugs of natural origin have become widely 

used recently, they avoid many side effects, because the 

mechanism of their action is significantly different 

from synthetic, it is based primarily on the activation of 

the body's natural defenses [3]. 

That’s why, plant-based feed additives containing 

hepaprotective substances (silibin, silicocristine, sili-

cidamine) need special attention in the above-men-

tioned problems prevention because they have antioxi-

dant effects, anti-inflammatory properties and prevent 

the development of connective tissue in liver. 

Thus, the use of a multicomponent feed additive 

composed of hay flour, milk thistle, saponite flour and 

molasses in the feeding of deep-pregnant and lactating 

sows is relevant. 

An analysis of recent research and publications 

researching the problem. To obtain and preserve the 

young born is one of the main factors of high-income 

animal husbandry, it brings to industrial commodity 

production. Realization of the genetic potential of pigs 

is possible only under conditions of optimal content and 

high adaptive abilities of their body [4]. 

The body is in dialectical unity with its environ-

ment, the basis of such unity is the metabolism between 

the organism and the environment. It should be borne 

in mind that expensive technologies require the appli-

cation of animals with high genetic potential for viabil-

ity and productivity in order to obtain high-quality 

products at relatively low labor costs and production 

costs. Therefore, the most reliable, effective and envi-

ronmentally safe way to prevent stress in pigs, along 

with the selection of stress-resistant breeds, types and 

lines is to improve their breeding methods, which 

would be based on age-specific mechanisms of adapta-

tion to adverse environmental factors. Both Ukrainian 

and foreign researches are an important contribution to 

solving these problems [4, 5]. 

The period from birth to weaning is an important 

stage of the piglets breeding. It is known that piglets are 

able to digest only the protein and fat of sow's milk, it 

is their main food until the 20th day. Thus, it is very im-

portant that piglets, while protected by the buffering 

properties of breast milk, learn to recognize nutrients in 

feeds of different origins and produce specific enzymes 

for digestion, which is the key to safe weaning, preser-

vation of young and planned growth [6]. 

The decreased level of appetite is one of the main 

problems during lactation, it is so-called postpartum an-

orexia; it occurs against the background of other dis-

eases, stress, poor water supply, etc. The consequence 

of decreased appetite is the sow weight loss. Weight 

loss during lactation should not exceed 12% of the total 

body weight of the sow, it is under such conditions that 

the piglets will develop properly, and sows will quickly 
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come to the form after weaning and will have good per-

formance parameters at the next insemination. Some 

sows lose 12% of weight, on average, this loss ranges 

from 10 to 30%. 

What causes excessive sows weight loss during 

lactation? Most researchers are sure that the root of the 

problem lies in lack of energy. The low level of sow 

consumption of metabolic energy with food during lac-

tation forces the body to use adipose tissue of its own 

body as a source of energy to meet its needs for milk 

production [7]. 

A large number of ketone bodies accumulate in the 

sows’ blood due to the intensive expansion of their own 

fat; the energy deficit is provided by the development 

of ketosis syndrome. Ketone elements are highly toxic 

to the liver, they also have an anorexic effect reducing 

the sows’ appetite. It is so-called vicious circle. On the 

one hand, lack of energy provokes the use of self-fat 

and the accumulation of ketone bodies in the blood. On 

the other hand, the toxic effects of ketone bodies lead 

to greater appetite worsening the animals’ condition of. 

Animals with genetically determined high thrush and 

with a large mass nest are at risk because they produce 

more milk, which requires more energy. 

What does sow ketosis syndrome threaten? 

Firstly, the sow’s milk productivity decreases because 

of decreased appetite and low energy consumption. The 

result of reduced sow milk production is growth retar-

dation of suckling piglets. Good milk yield is a guaran-

tee of high yield of live piglets. Moreover, there is a 

direct relationship between the consumption of feed by 

sows and the weight of piglets, and therefore, with a 

decrease in the appetite of sows, we will certainly get 

underdeveloped piglets. Each extra kilogram of feed a 

sow eats during lactation adds an average of 300 g per 

day to the growth of the entire nest. Secondly, the sow’s 

production of too fat milk leads to so-called piglets’ fat 

diarrhea. Thirdly, the reproductive abilities of sows de-

teriorate, this period is prolonged, the number of ovu-

lations and the ability to fertilize is reduced [7, 8]. 

A team of researchers led by Johnston L. J. ob-

served Western Europe pig farms. They research 

whether there is a relationship between the weight loss 

of a sow after farrowing and the length of the period 

between weaning before hunting. According to the data 

obtained, it is safe to say that the less sows lose weight, 

the faster they come to the estrus after weaning [8]. 

These researchers have also found a dependence 

between a sows’ appetite decrease caused by ketosis 

syndrome and a deterioration in the reproductive capac-

ity of animals. The relationship between daily energy 

consumption (mJ) and the time at which the sow comes 

to the estrus has been presented. The sows that came to 

the estrus faster after weaning the piglets consumed 

more metabolic energy than those that did not come to 

the estrus for a long time. Therefore, stimulating the ap-

petite is one of the main tasks in keeping lactating sows; 

proper feeding is the key point in the prevention of ke-

tosis syndrome; sometimes it is impossible to solve the 

problem of energy deficiency through food. It is diffi-

cult to accustom the sow to the maximum consumption 

of food during lactation, because the appetite of animals 

after farrowing increases disproportionately to energy 

needs [7]. 

Feeding affects the amount of milk produced by 

sows, the development of piglets, their weight at wean-

ing and the productivity of animals throughout their 

lives. Feeding affects the metabolism of the animal and, 

accordingly, the level of hormones in the body that af-

fect reproduction. 

If sow lose10 kg of weight during lactation, the 

weight of piglets during weaning is reduced by 0.5 kg, 

the size of the new nest is reduced by 0.5 piglets and 

the estrus interval is extended by three days. 

The sow needs the maximum increase in feed from 

the fifth to the seventh day of lactation because milk 

secretion increases during this period that. If you do not 

provide the sow with enough food, then lactation will 

decrease. The amount of feed should be increased in the 

first days of lactation, and before the end of feeding ac-

cording to appetite. Such feeding reduces embryonic 

mortality and promotes good fetal development [9]. 

However, ketosis syndrome can occur due to a 

lack of specific nutrients. This is due to insufficient en-

ergy intake caused by an unbalanced diet (primary ke-

tosis) or poor appetite caused by the disease (secondary 

ketosis). 

Milk production is reduced mainly due to the lack 

of glycogen precursors with nutrient deficiency (low 

feed intake). Later, there is an insufficient level of glu-

cose for the mammary glands due to insufficient syn-

thesis of glucose in the liver [1]. 

It is important to remember that the mammary 

glands require a lot of glucose as a precursor to lactose. 

However, the mammary glands continue to produce 

milk through hormonal stimulation and, consequently, 

the use of glucose. This leads to hypoglycemia. 

The clinical manifestation of the disease depends 

on the strength and duration of action on the body of 

ketogenic factors, the degree of ketonogenesis, adap-

tive capacity and individual characteristics of the ani-

mal. 

The disease manifests itself in a latent (subclini-

cal) form. The symptoms are erased and inconspicuous. 

Both changeable appetite and depression are observed. 

The ketosis clinical form is accompanied by a dis-

order and hyperesthesia. The disorder is soon replaced 

by depression, the animals become lethargic, sleepy. 

Tachycardia is observed, body temperature is usually 

within normal limits. 

Carrying out treatment it is necessary to balance a 

diet on the basic nutrients, macro- and microments. The 

diet includes foods rich in high-quality fiber, rich in 

NDF (neutral detergent fiber). The ratio of CID-Lysine 

to net energy in the diet of a pregnant sow should be 

0.66 g / MJ. The level of clean energy is 8.9-9 MJ in 

the diet. The minimum level of essential fatty acid is 

18: 2 (Linoleic) 1%. 

Glucose is used in the form of 10-20% solution in-

travenously 1-2 times a day for 2-3 days (in combina-

tion with insulin). Sick animals are prescribed methio-

nine, B vitamins, vitamin C, they are given sugar or 

other glycogenic drugs. 

Milk thistle (Carduus marianus L., genus Silybum 

Adans L., family Asteraceae) is one of the most popular 
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plant hepatoprotectors. Silymarin is taken from its ma-

ture fruits; it is part of many drugs, the mechanism of 

action of which is the destruction of toxic compounds 

coming from outside or those formed in the body before 

they enter the hepatocytes, this substance can stimulate 

the synthesis of own phospholipids repairing cell mem-

branes. 

Researches have shown that silymarin can be used in 

combination therapy for poisoning by the pale toadstool. 

Clinical pharmacology of hepatoprotectors has collected 

data that milk thistle has an antioxidant effect, it prevents 

the development of connective tissue in the liver, it has 

anti-inflammatory properties. Milk thistle affects the liver 

and gastrointestinal tract. Milk thistle should be used in 

powder form because it works at the micro level cleansing 

liver cells. The leaves, roots and seeds of milk thistle have 

medicinal properties. The seeds contain fats and essential 

oil, vitamin K, resins, mucus, tyramine, both macro and 

micronutrients [10]. 

Plant extracts of milk thistle (Silybum marianum (L.) 

Gaertn), extract of roots and herbs of purple coneflower 

(Echinacea purpurea L.) are used as part of a biologically 

active agent, packaged in a shell of phospholipids, in-

tended for the prevention of colic. The water-soluble med-

icine is added to the feed increasing the resistance of the 

bird to infectious diseases [11]. Today it is a promising 

area for procurement, production of modern medicines 

and medical applications in the form of galenic drugs [12]. 

The research aim was to investigate the effective-

ness of feed additives based on biologically active com-

pounds of plant and mineral origin for the prevention 

of ketosis in pregnant and lactating sows and its effect 

on reproductive performance. 

Materials and methods of research. Two 

groups-analogues of pregnant sows of large white 

breed were selected taking into account age, live 

weight, fatness and physiological condition. Keeping 

and feeding conditions for sows of both groups were 

identical and met veterinary and zootechnical require-

ments. 

The sows of the experimental group additionally 

received multicomponent hay pellets from the vegeta-

tive mass of milk thistle 80 grams per head for the day 

during the last 21 days of pregnancy and 21 days of 

suckling period. 

Feeding rations were adopted in accordance with 

the periods of sows’ physiological condition for our sci-

entific experiment. 

Pregnant sows of the control and experimental 

groups were fed by basic diet consisting of concen-

trated feed (compound feed was made with the inclu-

sion of 10% concentrate for pregnant sows). 

Suckling sows of the control and experimental 

groups were fed a basic diet consisting of concentrated 

feed of their own production, from which compound 

feed was made with the inclusion of 15% concentrate. 

The sows of the experimental group were fed ad-

ditionally by granulated hay flour from milk thistle at 

80 grams per head per day together with compound 

feeds. The granular feed additive contains 94% of hay 

flour from milk thistle and 3% of saponite flour and 

molasses. Suckling sows were fed at the rate of 3-4 kg 

of basic feed with the addition of 0.3 kg per piglet per 

day and taking into account their fatness and the num-

ber of piglets in the nest. 

Research results and discussion. According to 

scientific publications, it is rather difficult to accustom 

a sow to the maximum consumption of food during lac-

tation because the appetite of animals after farrowing 

increases disproportionately to energy needs [13]. Our 

observations of weekly feed intake and the average for 

the entire lactation period show that due to better appe-

tite in the first two weeks and the entire lactation period 

in the experimental group, its consumption was higher 

by 3.5%. The sows of the experimental group received 

additionally feed additive from milk thistle hay flour 

after farrowing, there was less weight loss during the 

suckling period. This fact is clearly related to the better 

appetite of food consumption in this group. 

The feed additive stimulates appetite of pregnant 

and lactating sows, it prevents weight loss compared to 

the control group in the period when sows feed new-

born piglets. The feed additive consisting of milk thistle 

spotted flour prevents the manifestation of anorexic ef-

fects of ketone bodies in the body of lactating sows 

leading to higher feed consumption during lactation. 

The positive effect of the feed additive is also caused 

by its other components. Saponite flour has a sorption 

capacity; it is a source of mineral elements including 

metals with variable valence leading to increased activ-

ity of antioxidant enzymes. The additional number of 

mineral elements reduces the nutritional stress of sows 

by normalizing mineral metabolism. 

Molasses is used as a technological binder; it is 

also a source of additional energy and mineral nutrition 

enhancing the positive effect on the intensive metabolic 

processes in the sows’ body. 

80 grams of additive contains 0.63 g of crude pro-

tein, 0.33 g of crude fat, 2.42 g of crude fiber, 1.3 g of 

crude ash, 3.34 g of nitrogen-free extractives and 0, 64 

MJ of exchange energy. 

Researches were aimed to analyze the effect of 

multicomponent milk thistle hay pellets on pregnant 

sows’ reproductive quality. Fertility, number of piglets 

and nest weight at weaning, safety of piglets are of great 

importance. They depend on many factors of breed, 

age, individual characteristics and normalized feeding 

of animals. The obtained research results are shown in 

table 1. 
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Table 1 

Average fertility rates of sows (М±m, n=10) 

Indicator Group 

control experimental 

Fertility, heads 9.8±0.20 10.7±0.23 

Large offspring, kg 1.05±0.03 1.10±0.05 

Nest weight at birth, kg 10.29±0.35 11.77±0.41 

Milk production, kg 255.4±3.65 334.6±4.02 

Number of 28-day piglets, heads 8.7±0.47 10.2±0.62 

Nest weight at 28-day age, kg 62.3±2.31 81.6.0±3.01 

Head weight at 28-day age, kg 7.5±0.09  8.0±0.08 

Survival of piglets, % 88.8±2.75 95.3±2.34 

Complex indicator of reproductive qualities, points 34.67±1.03 39.66±1.72 

 

The obtained results (Table 1) show the sows of 

the experimental group have the highest reproductive 

indicators, their diet included multicomponent hay pel-

lets (80 g per head a day). Thus, the fertility was 10.7 

piglets per sow in this group, it is by 9.2% more than in 

the control group. A similar pattern is observed for high 

fertility. Piglets from sows of the experimental group 

had a higher live weight at birth by 4.8% compared with 

piglets born in the control group. 

Nest weight is an important criterion for the sows’ 

reproductive capacity. It includes in the fertility of pig-

lets and sows’ ability to feed the offspring ensuring the 

intensity of growth and safety of piglets. The size of the 

nest depends on genetic factors, i.e. paratypic factors 

[14]. The live weight of the nest at birth was higher by 

14.4% in the experimental group, it is another argument 

indicating the positive effect of milk thistle hay pellets 

on the body of sows during pregnancy and lactation pe-

riods. 

Lactation is an important stage of the reproductive 

cycle. Sows produce 10-13 liters of milk, their milk 

contains twice as much fat, protein and minerals than 

cow’s milk. Therefore, sows have a much higher 

productivity than cows due to the nutrient content of 

milk and the ratio between body weight and volume of 

milk produced per day. 

Increasing the nest of piglets without increasing 

the milk productivity of sows does not make sense. 

Thus, their milk yield should be tightened along with 

the increase in sows’ fertility. 

The estimated sows milk yield (4.1 kg of milk = 1 

kg of weight gain of piglets in the nest) was 334.6 kg 

of milk in the experimental group; it was higher by 31% 

than in the control group. In our opinion, the higher 

milk yield of sows in the suckling period is caused by 

the positive effect of feed additives on both milk syn-

thesis and their body. The live weight of one piglet at 

28-day age was by 0.5 kg higher; it amounted to 8.0 kg 

with the preservation of piglets at the level of 95.3%. 

The reproductive capacity of sows was also char-

acterized by an evaluation index (a comprehensive in-

dicator of the reproductive qualities). The obtained data 

show that it was higher by 12.6% in the experimental 

group; it was 39.66 points against 34.67 points in the 

control group. 

Thus, the results show that the feed additive from 

hay milk thistle, saponite flour and molasses inclusion 

in the diet of sows has a positive effect on metabolism 

in their body 21 days before farrowing and during the 

suckling period, it is evidenced by higher reproductive 

characteristics. 

The highly preserved breeding stock should also 

be taken into account. Everyone who tries to have a pro-

ductive livestock on the farm knows how much modern 

genetics costs today. The authors of this information 

emphasize that owners who spend a lot of money on the 

purchase of repair pigs, do not care how much this sow 

will give full-fledged farrowing, i.e. two or seven [15]. 

Table 2 

Reproductive abilities of sows after piglets weaning  

Indicator 
Days of last 

lactation 

Live weight after 

weaning, kg 

Next insemination, 

days 

The difference to 

the control group, 

days 

І - control 28 246.5±0.95 18±0.78 - 

ІІ - experimental 28 267.2±0.72 6±0.54 12 

 

Table 2 shows the reproductive abilities of sows 

after piglets weaning. The table shows that experi-

mental group sows had a higher live weight; their sub-

sequent insemination took place 12 days earlier than in 

sows of the control group. Thus, their physiological re-

covery before the next reproductive cycle had signifi-

cant differences under equal conditions of keeping and 

feeding. It gives us reason to argue about the economic 

feasibility of using hay milk thistle pellets for feeding 

pregnant and lactating animals. 

The economic evaluation of the results is the final 

element of any scientific development related to agri-

cultural production. The estimated assessment of the 

hay flour milk thistle feed additive effectiveness in the 

sows’ diets confirmed our expectations. Preventing the 

anorexic effect of ketone bodies in the body of lactating 

sows and more intensive milk synthesis and higher 

preservation of young animals provides a higher net 

profit at the level of profitability of productive qualities 

of sows in the experimental group 40.3%, which is 

higher by 7.7% than control group. 
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Conclusions.  

1. Granular feed additive from milk thistle flour is 

an additional component of the diet, it prevents the 

manifestation of anorexic effects of ketone bodies in 

the body of pregnant and lactating sows, stimulates 

their appetite, prevents excessive weight loss in the crit-

ical period when sows have to feed. 

2. The inclusion of 80 grams of feed supplement 

in the sows’ diet has a positive effect on metabolism in 

their body 21 days before farrowing and during the 

suckling period, it is evidenced by higher reproductive 

characteristics. 

3. The higher complex reproductive quality (CPV) 

is provided due to better appetite, greater mass of feed 

consumed during the lactation period, greater milk syn-

thesis and higher preservation of young animals in the 

experimental group sows; it is higher by 14.4%; profit-

ability is higher by 7.7%. 
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Abstract 

The possibility of designing a full-system fish farm for the cultivation of channel catfish in polyculture in the 

conditions of the FH "Rurenko" of the Nemirovsky district was investigated. On the basis of this farm, a project 

for the cultivation of channel catfish in polyculture was developed, where calculations of the total area of the farm 

and the areas of ponds of various categories of a full-system economy were carried out, the calculation of the needs 

of producers and replacement young catfish of channel catfish and carp was also carried out, the economic 

efficiency of growing channel catfish in polyculture was carried out. 

Keywords: channel catfish, carp, polyculture, ponds, compound feed. 

 

Relevance. Fish farms are going through hard 

times due to financial difficulties in the state, namely: 

disruption of economic ties, deterioration of the 

ecological state of inland water bodies, insufficient 

work on the reproduction of fish stocks. Therefore, 

there is a significant decrease in the volume of 

marketable fish farming in inland waters. A number of 

problems that hinder the further development of 

fisheries have been identified: the state of reproduction 

and protection of aquatic biological resources; 

restoration of functioning of existing inland water 

bodies of the country for their effective use for their 

intended purpose; government regulation and support 

of the industry. To overcome the crisis in fish farming, 

to ensure sustainable development of the industry, to 

strengthen the country's food independence, it is 

necessary, first of all, to resolve issues related to the 

environmental and economic problems of the 

development of the fishery complex, improve the 

economic mechanism for managing the fish industry, 

activate investment processes and innovations, rational 

use of natural aquatic living resources. 

The priority areas will be: scientific substantiation 

of the volume of the raw material base and rational 

fishing, protection of aquatic ecosystems, technologies 

for processing aquatic fish resources, which will 

positively affect the food security of Ukraine. 

The state of aquaculture in Ukraine today is 

characterized by a significant decrease in the 

cultivation of various types of fish. That is why it is 

important to grow fish in polyculture. Several types of 

fish can be raised in polyculture, which is economically 

feasible and beneficial for farms. 

In Ukraine quite intensively they use the 

cultivation of channel catfish, which has been 

acclimatized in our reservoirs. 

Channel catfish currently occupies a leading 

position in commercial fish farming. The value of the 

channel catfish is determined by good growth, effective 

feed payment, the ability to adapt to various conditions 

of keeping and high nutritional quality [4]. The greatest 

effect in commercial fish farming is achieved due to the 

joint cultivation of fish in polyculture, differing in the 

way of feeding and the nature of food consumed and in 

the zones of existence in the reservoir [6]. 

Therefore, channel catfish can be grown together 

with carp or silver carp. For growing groups of different 

ages of channel catfish in polyculture, it is advisable to 

use feed with a high protein content, apply fertilizers 

that will improve water quality, all this will lead to an 

increase in the efficiency of cultivation. 

Therefore, the fish-biological substantiation of 

designing the cultivation of channel catfish in 

polyculture for a full-system fishery, taking into 

account specific environmental conditions, is valuable. 

Analysis of recent researches and publications. 

Such scientists as A. Andryushchenko, S. Alimov, M. 

Zakharchenko, N. Dotsenko, O. Vaschenko and others 

were studying the technology of channel growing both 

in mono and in polyculture. According to O. 

Vashchenko, the use of new fish farming objects and 

their acclimatization is one of the important elements 

that ensure the intensive development of various forms 

of fish farming in inland waters. As practice has shown, 

among such objects, the channel catfish, a 

representative of the North American ichthyofauna, 

which was introduced into the country in the early 70s 

of the last century, is of considerable interest [1]. 

Channel catfish (Ictalurus punctatus) is one of the 

main commercial fish farms in the United States, where 

it is raised in ponds, pools and cages. The value of the 

channel catfish is determined by its high growth rate, 

efficient feed payment, and the ability to adapt to 

various growing conditions. In the conditions of 

Ukrainian farms, it has shown itself as a fast-growing 

species that effectively uses artificial feed and has high 

taste. In modern industrial warm-water fish farms, 60-

80% of the cost of fish is the cost of feed. In this regard, 

the organization of complete and rational feeding of 

channel catfish is one of the urgent problems of fish 

farming [2, 3]. The scientifically based use of vitamin, 

mineral and enzyme preparations in combination with 

other biologically active substances can significantly 

increase the efficiency of fish feeding by increasing the 

availability and digestibility of feed nutrients. At the 

same time, considerable attention is paid to the study of 

cheap feed components that increase the biological 
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value of artificial fish feed, since the main factor 

currently limiting the development of commercial fish 

farming is the shortage and high cost of protein 

components in the composition of complete feed. One 

of the most promising ways to compensate for the 

deficiency of feed protein in fish diets is the use of 

microbiological synthesis products: feed yeast and 

products of their processing. 

N. Svechkova and others. [5] studied the effect of 

biologically active feed additives of sodium humate, 

potassium humate, Vitaton preparation on the fertility 

and growth of groups of different ages in the channel 

catfish (Ictalurus punctatus). 

It is substantiated that the use of biologically 

active substances contributes to an increase in the 

safety of channel catfish larvae by 16-25%. Feeding the 

larvae of feed with biologically active preparations 

increases their growth rates and increases the average 

daily weight gain by 26-63%. 

The purpose of the research. Give a fish-

biological rationale for the project of a full-system fish 

farm for the cultivation of channel catfish in 

polyculture in the conditions of the specified farm. 

Material and methods of research. Research and 

design were carried out on the basis of the FH 

"Rurenko" farm in the village of Ometintsy, 

Nemirovsky district, Vinnitsa region. The farm is 

engaged in the cultivation of channel catfish and carp. 

The farm is located 80 km from Vinnitsa, 41 km from 

the regional center. On this farm, fish such as channel 

catfish, silver carp and carp are bred. The farm is 49 

hectares. The village flows the river Kravchik, the left 

tributary of the Southern Bug. The climate of the region 

is temperate continental, average January temperature: 

-1 °С, average July temperature: 25 °С, annual 

precipitation is 525 -590 millimeters, of which 80% 

falls during the warm period. Subzero temperatures 

generally occur in mid-November. The growing season 

is 110 days. The relief is flat, soils are mainly black and 

sandy. The snow cover is about 10 centimeters high. Ice 

on the reservoirs of this farm lasts from early December 

to late March. This area is characterized by moderate 

winters with an average amount of precipitation. 

Summers are warm with a lot of precipitation. 

FH "Rurenko" is full-system. The source of water 

supply is surface water, formed due to atmospheric 

precipitation. Another important source of water supply 

is the Kravchik River - the left tributary of the Southern 

Bug River. 

In the course of the study, the technology of grow-

ing channel catfish in polyculture was studied, and a 

farm project was developed for growing channel catfish 

in polyculture. An analysis of the water quality of the 

farm was also carried out, the temperature and the con-

tent of dissolved oxygen of various types of pond cate-

gories were constantly measured. In the study of the 

cultivation of channel catfish in polyculture, ponds, 

tools, hydraulic equipment, transport and groups of dif-

ferent age groups of channel catfish and carp were used. 

Research results and their discussion. FH "Ru-

renko" is full-system. The source of water supply is sur-

face water, formed due to atmospheric precipitation. 

Another important source of water supply is the 

Kravchik River - the left tributary of the Southern Bug 

River. Water indicators of the water supply source are 

presented in table 1. 

Table 1 

Water indicators of the water supply source of the ponds of the Kravchik river 

Index 

Standard values of 

water quality for 

fishery ponds 

Hydrochemical indi-

cators of water qual-

ity in fishery ponds 

Hydrogen index of water, pH 6,5 – 8,5 6,9 – 7,8 

Soluble oxygen, mg / l 4,0 – 6,0 4,3 – 5,5 

Free ammonia NH3, mg N / l 0,05 0,02 – 0,03 

Phosphates PO4, mg R / l 0,3 – 0,5 0,1 – 0,4 

NO3, mg N / l Nitrates up to 2 0,02 – 0,04 

Permanganate oxidizability, mg O / l up to 15 7,0 – 9,2 

Bichromate oxidizability, mg O / l up to 50 24 – 47 

Mineralization degree, mg / l up to 1000 700 – 822 

 

Analysis of the water quality of this farm, the 

source of water supply for which is the river Kravchik, 

showed that all indicators are within the permissible 

limits. Also, the analysis did not reveal other 

hydrochemical elements and pathogenic microflora. 

These indicators indicate that the water in the state arts 

and crafts FH "Rurenko" meets the requirements for the 

quality of water, which should be supplied to fish 

farms, table 1.  

It can be concluded from the output of the above-

described data that this farm is located in a good natural 

climatic zone and this allows for the cultivation of 

various types of fish. The total area of the water surface 

is 49 hectares, of which: spawning, nursery, feeding, 

wintering, brood and quarantine ponds. The farm has a 

hatchery for fish reproduction. The structure of the 

water fund of the state is presented in table 2. 
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Table 2 

Explication of the design pond of the farm FH "Rurenko" 

Categories of reservoirs Pond area, hectares % 

Ponds, total 49 100 

Foraging 45 91,1 

Growing 3,4 6,9 

Wintering 0,4 0,8 

Uterine 0,3 0,6 

Spawning 0,2 0,4 

Quarantine 0,1 0,2 

 

Table 2 shows that the farm FH "Rurenko" is a 

full-system farm with all the necessary categories of 

ponds (Figure 1). 

 
Figure 1. Percentage of different pond categories 

 

The farm is engaged in the cultivation of channel 

catfish in polyculture with carp. High efficiency of 

intensification is achieved when using polyculture. To 

maintain the average seasonal biomass of the feeding 

base of the feeding ponds at the required level, organic 

and mineral fertilizers should be applied. 

In the conditions of industrial fish farming, 

stocking density is the most important environmental 

factor. The higher the concentration of farmed fish, the 

higher the economic return of the fish breeding area. As 

the fish stocking density increases, the need for oxygen 

and the need to remove metabolic products increase, 

that is, the need for increased water supply and flow 

rate increases [3]. 

During the study period which was conducted 

from 2018 to 2019. a full-system fish farm project was 

developed on the basis of FH "Rurenko". In the farm 

FH "Rurenko", the average monthly temperature of the 

feeding ponds was measured, the data are presented in 

Table 3. 

Table 3 

Average monthly temperature of pond No. 3 

Year 

Months 

May June July August September October 

Average monthly temperature, °С 

2018 20,2 22,2 22,0 19,5 22,0 23,1 

2019 18,5 22,7 20,5 23,6 23,0 21,2 

 

Among the main indicators of water quality for the 

life of fish and other aquatic animals in water bodies is 

the concentration of dissolved oxygen. Oxygen enters 

the water from the atmosphere and is partially released 

in the reservoir itself as a result of the vital activity of 

plant organisms. With the help of chlorophyll, green 

plants secrete carbon dioxide from carbon dioxide, 

carbon necessary for the construction of living matter, 

releasing oxygen into the surrounding space through 

photosynthesis, but this process takes place only during 

daylight hours. 

The penetration of oxygen into water from the 

atmosphere is facilitated by wind, currents, 

atmospheric precipitation, sudden changes in 

temperature and other reasons that enhance the mixing 

of water layers. Oxygen dissolved in water is consumed 

for the respiration of animals and the oxidation of 

organic substances. At a low concentration of oxygen 

dissolved in water, fish are killed, dying from 

suffocation. 

Dissolved oxygen rates in fishery reservoirs are 

shown in Table 4. 
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Table 4 

Dissolved Oxygen Norms in Fisheries 

Index Period of the year fishery use 

Dissolved oxygen Summer 7 mg / l 

Dissolved oxygen Winter 6 mg / l 

 

In this farm, a study of the content of dissolved 

oxygen in feeding pond No. 3 was carried out using an 

oximeter during April - October, the results of the 

content of dissolved oxygen are shown in Table 5. 

Table 5 

Temperature indicators and the content of dissolved oxygen in the water of pond No. 3 

Date O2 content, mg / l water tº, ºC 

1 2 3 

10.04.2019 6,0 11 

25.04.2019 5,9 13 

10.05.2019 5,9 15 

25.05.2019 5,6 17 

10.06.2019 5,5 22 

25.06.2019 5,3 23 

10.07.2019 4,9 24 

25.07.2019 4,6 25 

10.08.2019 4,5 25 

25.08.2019 4,7 23 

10.09.2019 5,1 21 

25.09.2019 5,3 18 

10.10.2019 5,5 15 

25.10.2019 5,9 10 

 

The study showed (Table 5) that the oxygen 

content of the feeding pond in some months differed 

from the norm of fishery reservoirs. The decrease in 

oxygen occurred due to an increase in temperature from 

June to August. 

The first and most effective method of dealing 

with suffocation is aeration (saturation) of water with 

oxygen and constant monitoring of the state of oxygen 

dissolved in the water. On water bodies where 

marketable fish is grown, the flow rate is increased in 

the pond or lime lime is carried out. 

When designing a full-system economy, the 

following calculations were carried out: 

- calculation of the total area of the economy and 

the areas of ponds of various categories of a full-system 

economy; 

- calculation of the needs of producers and 

replacement young stock of channel catfish and carp. 

The calculations are based on the capacity of the 

farm and the fish-breeding and biological standards for 

the breeding and rearing of channel catfish. 

Fish breeding - biological standards: 

- the number of channel catfish - 650 pieces. / 

hectares. 

Standard areas of ponds of certain categories,% 

for a two-year turnover: 

- spawning ponds - from 0.1 to 0.5 hectares, 

- nursery ponds - from 3 to 7 hectares, 

- feeding ponds - from 60 to 62 hectares, 

- wintering ponds - 0.2 - 1 hectares, 

- repair and brood ponds - 1 - 1.5 hectares and 

more, 

- quarantine ponds - 0.2 hectares. 

Fish productivity of ponds: 

- growing - 20 centner / hectares, 

- feeding -3 centner / hectares. 

Average mass: 

- underyearlings -45g, 

- weight of annuals -42g, 

- weight of two-year-olds - 550 g. 

The decrease in the mass of one-year-olds over the 

winter is 12%. 

• The yield of underyearlings from the larva is 

65%. 

• Output of one-year-olds from fingerlings - 75%. 

• The yield of two-year-olds from one-year-olds is 

85%. 

• Density of planting in wintering ponds - 600 

thousand / hectares. 

• The number of matured larvae per female - 10 

thousand pieces. 

• The ratio of females and males is 1: 1. 

The capacity of the farm is 2.4 centner / hectares. 

According to the standards for the stocking of 

reservoirs with channel catfish, it needs to be planted 

650 pieces / hectares. From this it follows that the 

number of channel catfish that need to be zaribited the 

farm of FH "Rurenko" with an area of 8 hectares will 

be 8 × 650 = 5200 pieces. 

The standard weight of a one-year-old channel cat-

fish is 42 g. Thus, the capacity of the farm is 5200 / 0.55 

= 9455 pieces. 

Calculation of the total area of the farm FH "Ru-

renko" and the area of ponds of various categories of 

full-system farms with a capacity of 2.4 kg / hectares. 

commercial channel catfish (two years old). The farm 

is located in 4 fish farming zones: 

- emergence of larvae from one socket breeders - 

10 thousand pieces. 
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- spawning area for one socket breeders - 0.01 hec-

tares. 

- stocking density of underyearlings in wintering 

ponds - 600 thousand pieces / hectares. 

1. Let us determine the number of two-year-olds, 

for this we need to divide the capacity of the economy 

by the mass of two-year-olds - 9455 / 0.55 = 17190 

pieces. 

2. calculate the number of one-year-olds, for this 

you need the number of one-year-olds × 100 / yield of 

two-year-olds. Number of one-year-olds - 17190 × 

100/85 = 20223 pieces. 

3. Determine the number of one-year-olds, for this 

you need the number of one-year-olds × 100 / output of 

one-year-olds. The number of underyearlings - 20223 

× 100/75 = 26964 pieces. 

(4) The number of larvae is recoverable; this re-

quires the number of underyearlings × 100 / underyear-

ling yield. The number of larvae is 26964 × 100/65) = 

41483 pieces. 

5. Determine the number of spawners, this re-

quires the number of larvae / larvae output from one 

nest. The number of breeders (nests) - 41483/10000 = 

5 pieces. 

6. Let's calculate the area of spawning ponds, for 

this we need the number of spawners × 0.01 × 1.1. The 

area of spawning ponds is (5 × 0.01) × 1.1 = 0.05 hec-

tares. 

7. Let us calculate the area of rearing ponds; this 

requires the number of underyearlings × weight of un-

deryearlings / fish productivity of rearing ponds. The 

area of nursery ponds is 41483 × 0.045 / 2000 = 0.93 

hectares. 

8. Let us determine the area of wintering ponds; 

this requires the number of underyearlings / stocking 

density of underyearlings in wintering ponds. The area 

of wintering ponds is 26964/600000 = 0.04 hectares. 

9. Let's calculate the growth of two-year-olds, for 

this we need a mass of two-year-olds - the mass of one-

year-olds. The growth of two-year-olds in feeding 

ponds is 0.55 - 0.042 = 0.50 g. 

10. The mass of one-year-olds is calculated as the 

difference: the mass of the underyearlings - the mass of 

the decrease in the underyearlings over the winter - the 

weight of the one-year-old = (0.045 × 12) / 100 = 0.5 g. 

11. Determine the area of the feeding ponds, for 

this you need the number of two-year-olds × the growth 

of two-year-olds / fish productivity of the feeding 

ponds. The area of the feeding ponds is (17190 × 0.50) 

/ 240 = 35.81 hectares. 

The age groups of the channel catfish of the full-

system fishery are presented in Table 6. 

Table 6 

The number of age groups of channel catfish 

Age groups Number of fish, specimen 

Channel catfish larvae 41483 

This year's channel catfish 26964 

Annual catfish 20223 

Commodity biennials of the channel catfish 17190 

 

The calculation of the needs of producers and 

replacement young stock was carried out taking into 

account the capacity of the farm and other 

technological indicators. 

The capacity of the farm is 20 centners of 

marketable fish. The farm operates under the following 

standards: 

1. The output: underyearlings - 70%; peers - 80%; 

two years - 85%. 

2. The average weight of two years is 550 g. 

3. The output of larvae from one female - 10 

thousand pieces. 

To determine the number of two years, the 

capacity of the farm must be divided by the average 

weight of two years - 2000 / 0.55 = 3637 pieces. 

In order to determine the number of two years, you 

need the number of two years × 100/85, the number of 

one year olds - 3637 × 100/85 = 4278 pieces. 

The number of underyearlings is calculated as 

follows: the number of annuals × 100/80 - 4278 × 

100/80 = 5347 pieces. 

To determine the number of larvae, you need the 

number of underyearlings × 100/70 - the number of 

larvae = 5347 × 100/70 = 7638 pieces. 

In order to determine the number of females, the 

number of larvae / larva output from one female is 

needed - the number of females = 7638/10000 = 1 

Further technological calculations were carried out as 

follows: 

1. The number of males - 1 × 1 = 1 

2. The number of producers - 1 + 1 = 2 

3. The total number of breeders, taking into 

account the 50% reserve, is:  

4. Females - (1 × 150) / 100 = 2 

5. Males - (1 × 150) / 100 = 2 

6. In general, breeders = 2+ 2 = 4 

When 25% of the herd is culled, the number of 

broodstock will change annually = 4 × 25/100 = 1, or 

nests will be replaced = 1/3 = 1 

Repair livestock under the following conditions 

will be as follows: 

Number of repair biennials = 1 × 90 = 90 pieces. 

Number of repair three-year = 1 × 8 = 80 pieces. 

Number of repair four-year = 1 × 8 = 80 pieces. 

The total number of repair young stock = 90 + 80+ 

80 = 250 pieces. 

The determination of the required number of eggs 

for the planned capacity of the economy is carried out 

as follows, namely, the number of larvae must be 

divided by the standard output from the incubation 

apparatus, which is 70%. The required number of 

caviar is 7638 / 0.7 = 10911 pieces. 

Channel catfish caviar is incubated in Weiss 

apparatus. Calculations of the required number of 

incubators are based on the required number of 

fertilized caviar of catfish and the rate of loading caviar 

into one device (250 thousand): 

10911 caviar / 250,000 = 0.04 (one incubator). 
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Therefore, in this farm for incubation of caviar and 

obtaining the planned capacity it is necessary to have 1 

device "Weiss". 

The calculation of the need for broodstock and 

repair young channel catfish is presented in table 7. 

Table 7 

Number of broodstock and repair young channel catfish 

Index Number of broodstock. pieces. Index Number of repair young stock, pieces. 

Females 1 Repair biennials 90 

Males 1 Repair three years 80 

Reserve 4 Repair four years 80 

Total 6 Total 250 

 

The farm of FH "Rurenko" together with the 

channel catfish also grows carp, so it is necessary to 

calculate the norms of stocking ponds with carp. To do 

this, we use fish-biological primitives. 

Standards for stocking natural reservoirs with carp 

- 750 pcs / hectares. 

Normative areas of ponds of separate categories,% 

for two-year turnover: 

- fish productivity of ponds: growing - 20 kg / 

hectares, feeding - 16 kg / hectares. 

The average weight of underyearlings is 25g. 

Weight of annuals -35g. 

Weight of commodity biennial fish 430 g. 

The decrease in the weight of annuals over the 

winter is 12%. 

The yield of underyearlings from the larva is 65%. 

The yield of one-year-olds from underyearlings is 

75%. 

The yield of two-year-olds from one-year-olds is 

85%. 

Planting density in wintering ponds - 650 thousand 

/ hectares. 

The ratio of females to males is 1: 2. 

The capacity of the farm is 5.2 centner / hectares. 

According to the standards for the stocking of res-

ervoirs with carp, 750 pieces must be planted. / hec-

tares. Hence it follows that the number of carp that need 

to be harvested is the farm of FH "Rurenko" with an 

area of 8 hectares. will equal 8 × 750 = 6000 pieces. 

The standard weight of a one-year-old channel cat-

fish is 35 g. 

So the capacity of the farm is: 6000 / 0.43 = 13953 

pieces. 

The output of larvae from one nest of breeders is 

50 thousand pieces. 

Spawning area for one nest of breeders is 0.04 hec-

tares. 

The stocking density of underyearlings in winter-

ing ponds is 650 thousand. / hectares. 

The number of two-year-olds (farm capacity / 

weight of two-year-olds) - 13953 / 0.43 = 32448 pieces. 

Number of one-year-olds (number of two-year-

olds × 100 / yield of two-year-olds) - 32448 × 100/85 = 

38174 pieces. 

Number of underyearlings (number of one-year-

olds × 100 / yield of one-year-olds) - 38174 × 100/75 = 

50898 pieces. 

Number of breeders (number of ts'ogorichok × 

100 / type of ts'ogorichok) - 50898 × 100/65 = 78304 

pieces. 

Number of larvae (nests) (number of larvae / lar-

vae from one nest) - 78304/50 000 = 2 pieces. 

Table 8 presents the development of the group of 

bark. 

Table 8 

Groups of different ages of carp 

Age groups Number of fish, specimen 

Carp larvae 78304 

Carp fingerlings 50898 

Peer carp 38174 

Commercial two-year-old carp 32448 

 

Calculation of the need for broodstock and repair 

of young carp. 

The capacity of the farm is 40 quintals of market-

able fish. The farm operates at the following standards: 

Yield: this year - 70%; one-year-old - 80%; bien-

nials - 85%. 

The average weight of two-year-olds is 430 g. 

The yield of larvae from one female - 100 thou-

sand pieces. 

For the output data, the capacity of the farm is 

taken and then it is determined: 

1. The number of two-year-olds (farm capacity / 

average weight of two-year-olds) - 4000 / 0.43 = 9302 

pieces. 

2. The number of one-year-olds (number of two-

year-olds × 100/85) - 9302 × 100/85 = 10943 pieces. 

3. The number of underyearlings (number of 

annuals × 100/80) - 10943 × 100/80 = 13678 pieces. 

4. The number of larvae (number of 

underyearlings × 100/70) - 13678 × 100/70 = 19540 

pieces. 

5. The number of females (number of larvae / larva 

emergence from one female) - 19540/100000 = 1. 

6. The number of males - 1 × 2 = 2 

7. The number of broodstock - 1 + 2 = 3 

8. The total number of offspring, taking into 

account the reserve of 50% is: 

9. Females - (1 × 150) / 100 = 2 

10. Males - (2 × 150) / 100 = 3 

11. In general, broodstock = 3+ 3 = 5 

When culling 25% of the herd, the following 

number of broodstock will be updated annually - 5 × 

25/100 = 2, or nests will be replaced - 2/3 = 1 
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Repair livestock under the following conditions 

will be as follows: 

Number of repair biennials - 1 × 90 = 90 pieces. 

Number of repair three years - 1 × 8 = 80 pieces. 

The number of repair four-year - 1 × 8 = 80 pieces. 

The total number of repair young stock - 90 + 80+ 

80 = 250 pieces. 

Determining the required number of caviar for the 

planned capacity of the farm is as follows, namely the 

number of larvae must be divided by the standard 

output from the incubator, which is 70%. 

Number of caviar - 19540 / 0,7 = 27914 pieces. 

Calculations of the required number of incubators 

are based on the required number of fertilized carp 

caviar and the rate of loading caviar into one device: 

27914 caviar / 250 000 = 0.1 (one incubator). 

Therefore, in this farm for incubation of carp caviar and 

obtaining the planned capacity it is necessary to have 1 

device "IVL-2". 

In the table. 9 presents the number of broodstock 

and repair young carp. 

Table 9 

Number of broodstock and repair young carp 

Index 
Number of broodstock. 

pieces. 
Index 

Number of repair young stock, 

pieces. 

Females 1 Repair biennials 90 

Males 2 Repair three years 80 

Reserve 5 Repair four years 80 

Total 8 Total 250 

 

Feeding is one of the main factors in the formation 

of the productive traits of channel catfish. For feeding 

the young catfish, compound feed SB-1 will be used, 

which includes components of both animal and plant 

origin (Table 10). 

Table 10 

Composition and nutritional value of compound feeds for growing channel catfish, % 

Component SB-1 SB-2 

Fish meal 18 11 

Sunflower meal 12 15 

Soybean meal 21 - 

Feed yeast 45 15 

Wheat flour 3 28 

Meat and bone meal - 8 

Peas - 22 

Premix 1 1 

Crude protein 42,76 35 3,4% 

Crude fat 5,51 3,4 

Metabolic energy, calories / 100 grams 341,10 378,6 

 

The feasibility of fishery exploitation and produc-

tion efficiency are determined not only by indicators of 

the volume of products produced, but also by the 

amount of profit received through its sale. The eco-

nomic efficiency of fishery production means getting 

the maximum amount of products per unit area with the 

minimum cost of money and labor per unit of produc-

tion. 

Analyzing the indicators of economic efficiency in 

the design of a full-system fish farm for growing 

channel catfish in polyculture, we can conclude that the 

costs of designing a farm will be the cost of building 

various categories of ponds, wages and fish feeding. 

Other costs are the rearing of channel catfish and carp 

larva. 

Sales price: commodity channel catfish - 80 

hryvnia per 1 kg, commodity carp - 45 hryvnia per 1 

kg. 

Table 11 shows the costs of the project economy 

and a certain level of its profitability. 

Table 11 

Production costs and profitability levels 

Index Funds, hryvnia 

Costs of growing channel catfish and carp larvae 9350 

Fish feeding 48000 

Construction costs of ponds and hatchery 143628 

Electricity, hryvnia 14100 

Remuneration to employees, hryvnia 23800 

Depreciation of fixed assets, hryvnia 3250 

Total expenses, hryvnia 242128 

Selling price for 1 kg. channel catfish 80 

Selling price for 1 kg. carp 45 

Income, hryvnia 327200 

Profit, hryvnia 85072 

Profitability, hryvnia 35 % 
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So, the cultivation of channel catfish in 

polyculture with carp is economically profitable, since 

it allows you to make a profit of UAH 85,072 and 

provides a profitability level of 35%. 

Conclusions. 1. For the implementation of the 

developed project of growing 17 thousand pieces. 

commodity catfish on 8 hectares of pond must have 

41483 pcs. larvae, 26964 pcs. this year, 20223 pcs. one-

year-old. In order to provide the farm with larvae in the 

planned year it is planned to have 2 broodstock. 

2. Taking into account the fact that catfish was 

planned to be grown in polyculture, the required 

number of carp larvae is 78,304 pieces, this year - 

50,898 pieces, annuals - 38,174 pieces. Thus the exit of 

commodity biennials will make 32448 pieces. 
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Анотація 

Трихінельоз - небезпечне зоонозне захворювання, яке спричиняють личинки і статевозрілі нематоди 

з роду Тhrichinella виду Тhrichinella spiralis (має найбільше значення, капсульний вид), thrichinella 

pseudospiralis, thrichinella рариаг і (безкапсульні ВИДИ). ВИД Т. spiralis має підвиди: Т. spiralis spiralis, Т. 

spiralis britovi, Т spiralis nativa, Т. spiralis murrelli, Т. spiralis nelsoni (капсульні). 

Збудник - дуже дрібні волосоподібні нематоди, самці 1,4-1,6 мм завдовжки і 0,04 мм завтовшки, самки 

– відповідно 3,5-4,4 і 0,06 мм, живородні. 

Хворіють на трихінельоз свійські та дикі свині, коні, ведмеді, борсуки, нутрії собаки, коти, вовки, 

лисиці, гризуни (щури, миші), морські ссавці (білуги, моржі, тюлені) - всього більше 100 видів ссавців, 

деякі види птахів, земноводних (жаби, крокодили), м'ясоїдні комахи, ракоподібні, риби, а також люди. 

Шляхи зараження. М'ясоїдні і люди заражаються трихінельозом через споживання зараженого личи-

нками м'яса. Такі несприйнятливі тварини, як ракоподібні, риби, м'ясоїдні комахи поглинають, інвазійні 

личинки трихінел чи живородних самок виділяють їх у зовнішнє середовище і вже потім вони можуть 

потрапляти до шлунку свого звичайного господаря продовжувати еволюційний цикл (явище форезії). Коні 

можуть заражатися через корми, в які додають борошно тваринного походження (що може бути інвазо-

ване); в разі спотвореного апетиту при порушенні обміну речовин, поїдання трупів щурів, м'ясоїдних ко-

мах, трави. 

Abstract 

Trichinellosis is a dangerous disease caused by larvae and mature nematodes of the genus Tchrichinella of 

the species Tchrichinella spiralis (the most important is the capsular species), thrichinella pseudospiralis, thrichi-

nella riag and (non-capsular species). T. spiralis has subspecies: T. spiralis spiralis, T. spiralis britovi, T spiralis 

nativa, T. spiralis murrelli, T. spiralis nelsoni (capsular). 

The causative agent is very small hairy nematodes, males 1,4-1,6 mm long and 0,04 mm thick, females - 

respectively 3,5-4,4 and 0,06 mm, viable. 

Diseases of trichinosis are domestic and wild pigs, horses, bears, badgers, dog nutrium dogs, cats, wolves, 

foxes, rodents (rats, mice), marine mammals (beluga, walrus, tulle) - more than 100 species of mammals, some 

species birds, amphibians (frog, crocodiles), carnivorous insects, crustaceans, fish, as well as people. 
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Ways of infection. Meatballs and people are infected with trichinosis due to the consumption of infected meat 

larvae. Such susceptible animals as crustaceans, fish, carnivorous insects absorb, invasive larvae of trichinella or 

viviparous females isolate them into the external medium, and then they can fall into the stomach of their ordinary 

host to continue the evolutionary cycle (the phenomenon of fororism). Horses can become infected through feeds, 

which are fed with flour of animal breeding (which can be invasive); in the case of disturbed appetite in case of 

violation of metabolism, eating corpses of rats, carnivorous insects, herbs contaminated by the remains of diseased 

animals or isolates of carnivorous insects. 

Ключові слова: трихінельоз, тваринницька продукція, лабораторна діагностика. 

Keywords: trichinelosis, livestock products, laboratory diagnostics. 

 

Actuality of theme. The life cycle of Trichinella 

occurs in the body of one host. The sexually mature hel-

minth parasitizes in the intestines of humans and ani-

mals, and the larval stage - striated muscles. Humans 

and animals become infected through meat containing 

invasive parasite larvae. There is a very low probability 

of human infection through infested fruits and various 

plants, as well as through the consumption of poultry 

meat. After digestion of meat in the stomach, the larvae 

are retained in the duodenum and after 36 hours become 

mature. Males fertilize females and die. Females are 

screwed with their main end into the mucous membrane 

due to hooks and secretion of proteolytic enzymes. Fe-

males in 6-7 days give birth to 1500 to 10000 live larvae 

within 30-45 days, and then die. The larvae have the 

same hooks and pierce the mucous membrane as adults. 

Then the larvae through the lymphatic vessels of the in-

testine, thoracic lymphatic duct enter the right ventricle 

of the heart. Then, after a short pulmonary stage, in 10 

hours they reach the left ventricle of the heart, through 

which they enter the great circle of blood circulation 

and spread to all organs and tissues of the body. How-

ever, only those that will be localized in the trans-

versely striated muscles will be able to develop, others 

- die. Larvae can also cross the placental barrier and in-

fect embryos. The most popular sites of Trichinella are 

the muscles of the legs of the diaphragm, tongue, 

esophagus, intercostal, masticatory, sublingual, laryn-

geal muscles, neck, ears (in case of significant inva-

sion), eyes, pectoral muscles, flexors, extensors. 16-17 

days after consumption of muscle parasites, Trichinella 

reaches the invasive stage, being in the muscles, have 

an S-shape. On day 30-35, they twist into a spiral (3.5 

turns), a single-layer capsule is formed around the lar-

vae, and after three months the capsule begins to cal-

cify. After 15-16 months, the process of calcification of 

the capsules of larvae ends. Encapsulated Trichinella 

larvae are lemon-shaped or oval in shape. Capsule 

length - 0.5-0.7 mm, width - 0.2-0.3 mm. Trichinella 

larvae do not form capsules, they move freely between 

muscle fibers. The viability of muscle trichinae persists 

in animals for many years, and in humans - up to 25 

years. When Trichinella is localized in a muscle cell, 

they cause differentiation of the muscle fiber and the 

cell where the parasite is located to function as a pla-

centa and provide nutrition to the parasite. In corpses, 

muscle larvae persist for up to 300 days. Therefore it is 

impossible to leave unburned corpses. Cooking meat 

can disinfect larvae only when the temperature in the 

muscle thickness reaches 80 ° C for 10 minutes. At a 

temperature of -12 ° C Trichinella remain viable for 2 

months, at -15 ...- 20 ° C - 20 days and at -30 ° C -12 

days. Ordinary smoking of sausages and hams does not 

affect the viability of larvae [1,2,3,4,14,]. 

 
Fig. 1. The larva of the causative agent of trichinosis 

in muscle tissue. 

 

In humans, the characteristic clinical signs of the 

disease usually appear 3-4 weeks after infection: fever, 

severe toxicosis, muscle pain, swelling in the eyes, 

lower jaw, rash, when consuming significantly infested 

meat, severe disorders of the gastrointestinal tract. If 1 

g of raw material contains about 2 thousand Trichinella, 

a person usually suffers from a fatal outcome that oc-

curs in a few days. In animals, in particular in pigs, no 

clinical signs of the disease are observed. 

Methods of lifelong diagnosis of trichinosis. The 

Vinnytsia RDL of the State Service of Ukraine for Food 

Safety and Consumer Protection conducts the method 

of enzyme-linked immunosorbent assay (the most 

promising). This method is based on the indication in 

the serum of specific antibodies. ELISA has a high sen-

sitivity and detects the level of invasion - 1 larva per 

100 g of muscle for 2-3 weeks after infection of the an-

imal. With the help of compressor trichinoscopy, such 

carcasses are detected only by chance. Therefore, more 

than 20% of carcasses of pigs with low intensity of in-

vasion can be sold after trichinoscopy without re-

strictions. Lifelong diagnosis of trichinosis in pigs, 

horses, wild boars and carnivores according to the "In-

struction on diagnosis, prevention and elimination of 

animal trichinosis" (2007) is carried out by detecting 

antitrichinelosis antibodies in serum samples by 

ELISA. If positive ELISA results are obtained, a repeat 

study is performed in 3-4 weeks. In case of repeated 

positive ELISA result, the animal is registered, the data 

on it are sent quarterly to the veterinary department in 

the area. After slaughter of such an animal, diagnostic 

tests for trichinosis are performed by the method of ar-

tificial digestion of muscle samples. Vinnytsia RDL of 

the State Service of Ukraine for Food Safety and Con-

sumer Protection by ELISA conducts annual monitor-

ing studies of pigs, horses, wild boars and carnivores, 
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as well as studies of all livestock in disadvantaged ar-

eas. In the laboratory, the diagnosis of trichinosis is 

considered to be established by obtaining positive re-

sults of laboratory tests by detecting larvae of Trichi-

nella by digestion of muscle samples in artificial gastric 

juice and compressor trichinoscopy. Serum, blood 

plasma and intermuscular fluid are selected for en-

zyme-linked immunosorbent assay in accordance with 

the guidelines for the use of diagnostic kits [5,6,7,8,14]. 

Double gel diffusion method. Annular precipitation re-

action. Allergy tests. Indirect immunofluorescence re-

action. Complement binding reaction. Biopsy. Post-

mortem diagnosis is the main and reliable method of 

detecting trichinosis. 

 

 
Fig. 2. Trichinella (Trichinella spiralis; A - female; B 

- male; C - encapsulated in the muscle fiber larva; D - 

the main route of circulation of trichinosis in nature. 

 

Procedure and methods of research of meat and 

meat products for trichinosis. The Vinnytsia RDL of 

the State Service of Ukraine for Food Safety and Con-

sumer Protection tests for trichinosis are conducted in 

accordance with the "Rules of pre-slaughter veterinary 

inspection of animals and veterinary examination of 

meat and meat products" (2002) and "Instructions for 

diagnosis, prevention and elimination of animal trichi-

nosis "(2007). Every carcass of pork, nutria, carcasses 

of horses and wild animals (wild boars, bears, badgers, 

etc.) slaughtered at slaughterhouses, meat processing 

plants, slaughterhouses, farms, slaughter, hunting, etc. 

must be subject to veterinary treatment. sanitary exam-

ination with mandatory trichinoscopy using a micro-

scope (trichinoscope) or digestion of muscle samples in 

artificial gastric juice. In the study of samples at slaugh-

terhouses and meat processing plants, as well as horse 

carcasses, the priority is the method of digestion of 

muscles in artificial gastric juice [14]. 

 
Fig. 3. Encapsulated larvae of Trichinella in muscles: 

a - pigs, b-foxes, с - a bear. 

 

The pathogen is bisexual. Males are 1.2-1.6 mm 

long and 0.04 mm wide. Female dimensions: length 

from 1.5-1.8 mm to 4.4 mm, width - 0.06 mm. Their 

body is round, filamentous, slightly narrowed in front. 

At the front end is the mouth, which leads to the oral 

capsule, equipped with a stiletto. Pathogens parasitize 

in the lower parts of the small intestine of humans or 

animals (intestinal Trichinella). The development of in-

testinal Trichinella occurs in the host's body after eating 

the meat of an animal infested with Trichinella larvae 

(muscle Trichinella). After the meat is digested in the 

stomach and the capsules containing the larvae are dis-

solved, the latter enter the small intestine. In a day they 

turn into males and females. Fertilized females with the 

help of the main stiletto are attached to the intestinal 

mucosa and reach sexual maturity in a day. Females are 

viviparous. 80-90 hours after infection with human or 

animal trichinosis, females give birth to larvae, which 

enter first the lymphatic and then the blood vessels, 

which are distributed throughout the body. They pene-

trate various organs, but their further development 

takes place in the striated muscles. By releasing hyalu-

ronidase, the larvae enter the sarcolemma of the muscle 

fibers. After 18-20 days in the muscles, they grow to 

0.8-1 mm, twist spirally and become invasive. After 35-

40 days, a capsule forms around the muscle trichinae 

due to the reaction of the surrounding tissue. The cap-

sule wall consists of a thin connective tissue and trans-

parent hyaline layers. The average size of capsules in 

humans is 0.6x0.2 mm. After 14-18 months. capsule 

calcification begins, which lasts up to 2 years. In the 

capsules, muscle trichinae remain viable for many 

years. Intestinal trichinae live much less - from 10 to 56 

days in animals and 45-56 days in humans. During life, 

one female in the body of different animals gives birth 

to 200 to 2000 larvae, in the human body - an average 

of 1500. There are different infestations of Trichinella 

larvae in different muscle groups. In humans, muscular 

trichinae most often affect the legs of the diaphragm, 

intercostal, laryngeal, masticatory and abdominal mus-

cles, tongue. When animals and humans eat meat af-

fected by Trichinella larvae, the latter are released from 

the capsules and attached to the small intestinal mucosa 

of the new host, which undergoes the specified biolog-

ical cycle of Trichinella development. The human or 

animal body is both a final (development of mature in-

dividuals in the intestines) and an intermediate host (de-

velopment of the larval stage in the muscles). V.A. Bri-

tov (1971) first established the existence of different 

species of Trichinella. In addition to Tr. spiralis Owen, 

he identified two other species of Trichinella: Tr. native 

Britov et Boev (1972) and Tr. nelsoni Britov et Boev 

(1972). Tr. spiralis circulates mainly in synanthropic 

foci and is common in all countries except Australia. 

Tr. nativadistributed among predators in Europe, Asia 

and North America. Tr.nelsoni was isolated in South 

America from hyenas and found in wild mammals in 

Tajikistan, Turkmenistan, and southern Ukraine. In 

1972, L.B. Garkavi singled out a new species of Trichi-

nella from the raccoon in Dagestan - Tr. pseudospiralis 

Garkavi. Larvae Tr. pseudospiralis are not encapsulated 

in the muscles. Tr. spiralis, Tr. nativa and Tr. nelsoni 

do not differ in size, Tr. pseudospiralis is much smaller 
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than the previous ones (JB Sokolova, BS Shaikelov, 

1976). All species have a common origin. Probably 

their original form is Tr.pseudospiralis. All four species 

of Trichinella develop cross-immunity. 

Research of fresh meat. In the conditions of the 

above-mentioned laboratory for carrying out a trichi-

noscopy take two samples of cross-striped muscles on 

80 g each of legs of a diaphragm on a place of their 

transition to sinews. In the absence of diaphragm legs 

in pig carcasses, samples are taken from the muscular 

costal part of the diaphragm, tongue, muscles of the lar-

ynx, esophagus, intercostal, cervical, masticatory mus-

cles in the same amount [14]. From the carcasses of 

wild boars - the legs of the diaphragm; from carcasses 

of bears - legs of a diaphragm, parts of masticatory or 

intercostal muscles; from carcasses of other omnivores 

and carnivores - samples of calf and other muscles; 

from horse carcasses - muscles of the root of the tongue, 

diaphragm, forging muscles, intercostal and shoulder-

scapular part. In the case of examination of carcases di-

vided into cuts or pieces, samples must be taken from 

each cut (piece) separately. From each muscle sample 

make 24 slices the size of an oatmeal (a total of 48 

slices). They are cut from each sample with curved scis-

sors along the muscle fibers. In this case, the scissors 

must be kept concave to the meat so that the slices fall 

on the convex side, where they are easy to apply to the 

compressor glass. The slices are laid out in the cells of 

the lower plates of the two compressors across their 

length and crushed between the plates so that the news-

paper text can be read through them [14]. In the study 

of 48 sections from one carcass, the average load per 

specialist is 6-7 carcasses per hour. 120 sections are 

made from the carcasses of horses, as well as from the 

carcasses of other animals in unfavorable points, which 

are examined in five compressors. Sections are exam-

ined at low magnification (8x10) using appropriate in-

struments for trichinoscopy. The research begins with 

the extreme section, slowly moving the compressor 

perpendicular to its length (along the course of the mus-

cle fibers) in such a way that in each field of view all 

the fibers are visible. Trichinella larvae are located in-

side the transversely striated muscle fibers in the form 

of curls in a capsule of lemon-shaped or oval shape. 

Capsule length - 0.5-0.7 mm, width - 0.2-0.3 mm. In-

side the capsule contains one, rarely 2-3 spirally larvae 

[9,10,11,14].  

The muscle fibers in which the Trichinella is lo-

cated, as well as the adjacent tissues, lose their trans-

verse striation. Trichinella larvae can be found in the 

muscle fibers, which have not yet been encapsulated 

and spirally folded. Such Trichinella is difficult to de-

tect. You should pay attention to the tissue fluid that 

extends beyond the cut. It may contain non-encapsu-

lated spindle-shaped larvae of Trichinella. At limy de-

generation of capsules of a larva it is impossible to see. 

In this case, the sections are removed from the com-

pressor, placed in a 5-10% solution of hydrochloric 

acid for 1-2 hours, or cups with sections are placed in a 

thermostat at a temperature of 37 0C for 20-30 minutes. 

Then add drops of glycerin or lactic acid. The shell of 

the capsule is illuminated and it shows the larvae of 

Trichinella. Clusters of Trichinella can be seen with the 

naked eye. Muscle fibers that contain Trichinella, as 

well as related fibers do not have lumbar stripes. With 

strong calcification of Trichinella and altered develop-

ment of the capsule of the parasite can be seen with the 

naked eye on the cut surface of the meat in the form of 

small whitish grains with less gloss than the surface of 

the meat [14]. Vinnytsia RDL of the Civil Service of 

Ukraine for Food Safety and Consumer Protection reg-

ularly conducts research on trichinosis: 

Pork offal (tongues, heads, legs, tails) in the ab-

sence of veterinary confirmation of their origin from 

carcasses subjected to trichinoscopy, examine as fol-

lows: from 3% of packaging units take 10-15 recesses 

each and make a combined sample weighing at least 80 

Imported pork (in carcasses, half-carcasses) is exam-

ined at least 10% of the batch of meat. Samples are 

taken from the remains of the legs of the diaphragm or 

intercostal muscles. The mass of the muscle sample 

from the carcass, half-carcass must be at least 1 g, the 

total mass of the sample for the study - at least 80 g 

Imported pork in blocks is examined in quantities of at 

least 1% of the batch of meat blocks. Samples are taken 

at 80 recesses (1 g each) from the unit, with a total 

weight of at least 80 g. Trichinoscopy of frozen meat. 

Trichinella is difficult to detect in frozen meat, espe-

cially if the meat has been frozen slowly. The fluid from 

the capsule passes into the lumen between the muscle 

fibers, the contents of the capsule are completely or par-

tially dehydrated, it falls. At a trichinoscopy of the fro-

zen pork cuts make 1,5-2 mm thick. To remove excess 

meat juice from the slice, the upper glass of the com-

pressor is pressed with greater force. The sections are 

crushed between the compressor plates, the upper glass 

is removed and one or two drops of 0.1% hydrochloric 

acid solution or methylene blue solution (0.5 cm3 of 

saturated alcoholic methylene blue solution per 10 cm3 

of distilled water) are applied to each section. Muscle 

fibers after treatment with hydrochloric acid become 

transparent, grayish in color, against which the capsule 

takes the form of a silver rim. When processing sections 

with a solution of methylene blue, muscle fibers turn 

pale blue, adipose tissue becomes light pink. The cap-

sule of Trichinella turns purple-pink or blue, and the 

larva does not color and becomes noticeable on trichi-

noscopy. Sanitary assessment of slaughter products in 

trichinosis. If any of these methods detects at least one 

Trichinella larva (regardless of its viability), the carcass 

with slaughter products is destroyed by incineration. 

They are also subject to destruction if Trichinella fat, 

corned beef, smoked meat, smoked sausages, etc. are 

found in them. At the same time, in accordance with the 

current legislation, these products are seized and incin-

erated under the control of specialists of the state veter-

inary medicine. The burial of such products in cattle 

burial grounds is strictly prohibited. Animals that had 

lifelong positive results for trichinosis by ELISA after 

slaughter are tested for trichinosis by artificial digestion 

of muscle samples weighing at least 50 g. When the di-

agnosis is confirmed, the carcass of the animal is 

burned, with a negative result - sent for industrial pro-

cessing [11,12,13,14]. 

Epidemiology. There are about 60 species of 

mammals, predators, omnivores, rodents, insectivores, 
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pinnipeds, cetaceans, which are hosts of Trichinella. 

Among wild animals, trichinosis is common in all 

countries of the world, except Australia. Transmission 

of Trichinella from an infected animal to a healthy one 

occurs when eating meat infected with Trichinella. T 

he most common trichinosis is among large pred-

ators (lion, tiger, wolf, fox, etc.) due to the fact that they 

eat weaker animals. Carnivores and omnivores, as well 

as some rodents and insectivores, are known to feed on 

carrion. There is a high incidence of trichinosis in the 

Arctic - polar bears, polar foxes, and marine mammals 

(seals, walruses, seals, etc.). In the CIS, the most com-

mon carriers of Trichinella are wolves (51%), jackals 

(36.5%), wild cats (36.2%), raccoon dogs (23.7%), and 

foxes (18.4%). Among humans, trichinosis is prevalent 

mainly in areas where there is a high infestation of 

Trichinella in pigs. The highest incidence of trichinosis 

is registered in North and South America (USA, Argen-

tina, Mexico), in Europe (Spain, Poland, CIS). In Asia 

and Africa there are isolated cases of this disease in hu-

mans. Within the former USSR, trichinosis is predom-

inantly focal. Belarus is unfavorable for trichinosis 

among pigs and humans; Vinnytsia, Khmelnytsky, 

Odessa regions of Ukraine; Krasnodar Territory, Rya-

zan, Bryansk regions of Russia, some areas of Lithua-

nia. In other regions of the CIS there are isolated cases 

of trichinosis in pigs and the population. Humans be-

come infected by eating pig meat that contains incised 

live Trichinella larvae; lard and products made from 

pork (bacon, loin, brisket, sausage, etc.), as well as meat 

from wild animals (bears, wild boars, etc.). The disease 

of trichinosis in humans is often group in nature. This 

is due to the consumption of insufficiently processed 

meat of pigs slaughtered at home without veterinary ex-

amination. Outbreaks of trichinosis are due to the wide-

spread custom in rural areas to invite relatives, neigh-

bors, acquaintances to "freshness" - a dinner where the 

meat of slaughtered pigs is eaten. Outbreaks appear to 

be exacerbated in the CIS in recent years by outbreaks 

of trichinosis associated with the consumption of wild 

meat, mainly bears and wild boars. Circulation of 

Trichinella among animals is due to predation and eat-

ing the carcasses of dead animals. In disadvantaged set-

tlements, it is maintained between domestic (pigs, cats, 

dogs) and synanthropic (rats, mice) animals by eating 

pig carcasses of rats, mice, cats, and the latter - pig 

slaughter waste. The high prevalence of trichinosis in 

pigs, domestic and synanthropic animals is observed in 

settlements where pigs are grazed, and pig slaughter 

waste is not disposed of in accordance with sanitary and 

veterinary requirements. In these areas, pigs eat the car-

casses of domestic, synanthropic, and wild animals 

(foxes, martens, ferrets); domestic and synanthropic an-

imals also consume pig slaughter waste. As a result, sta-

ble (stationary) synanthropic foci of trichinosis are 

formed, in which cases of trichinosis among pigs and 

outbreaks among the population systematically occur. 

In those settlements where pigs are kept in stalls, unfa-

vorable conditions are created for their infection with 

Trichinella. Swine trichinosis is observed in isolated 

cases over a long period of time with intervals of sev-

eral years (temporary synanthropic foci of trichinosis). 

In temporary foci, the circulation of Trichinella is main-

tained due to their introduction from the wild. Hunters 

bring the carcasses of wild animals to the village and 

after removing the skins from them do not destroy 

them. These corpses are eaten by domestic (cats, dogs) 

and synanthropic animals (rats, mice). Infection of pigs 

occurs when hunters feed them meat from slaughtered 

wild animals or when a pig eats the carcasses of rats or 

mice affected by trichinosis. The main reservoir of 

trichinosis in nature would be wild predators and omni-

vores, among which trichinosis is widespread. The 

most intensive cycle of Trichinella is carried out among 

predators. Synanthropic foci of trichinosis are formed 

due to their circulation among domestic animals (pigs, 

cats, dogs) and murine rodents (rats, mice). 

Pathogenesis and pathomorphology. In the 

pathogenesis of trichinosis, the main role is played by 

allergic reactions of the organism, sensitized by the 

products of metabolism and decay of larvae and mature 

Trichinella. The first phase of specific sensitization of 

the body is characterized by the occurrence of general 

allergic manifestations: fever, edema, myalgia, skin 

rash, catarrhal phenomena, general neurological disor-

ders. The second phase develops with intense infection 

and is characterized by manifestations of allergic sys-

temic vasculitis and organ damage. The latter may be 

accompanied by high fever, severe muscle pain, rash. 

Nonspecific systemic vasculitis with perivascular infil-

trates and thrombosis occur in the myocardium, brain, 

liver and other organs. 

Clinic. The incubation period averages 10-25 

days. In some cases, its duration is 5-8, in others - up to 

35-45 days. With a very severe course of the disease, 

the incubation period can be reduced even to 1 day. In 

the case of infection with natural strains of Trichinella 

(for example, from bears), the incubation period is ex-

tended to 40-45 days. The most common clinical man-

ifestations of trichinosis are fever, mainly of the remit-

ting type, swelling of the eyelids and face, muscle pain 

and eosinophilia. The disease begins with a headache. 

Body temperature rises to 38-39.5 ° C (depending on 

the severity of the disease). The duration of the febrile 

period is on average 2-3 weeks, sometimes up to 3 

months. Swelling of the eyelids appears in the first days 

of the disease, followed by puffiness and conjunctivitis. 

In some patients there is swelling of the legs, arms, 

lower back, which lasts 5-8 days, sometimes up to 2-3 

weeks. Muscle pain in most patients appears 1-3 days 

after the onset of the disease and later. It occurs in the 

eye, masticatory, calf muscles, as well as in the muscles 

of the lower back and shoulder girdle. In some patients, 

palpation of the biceps muscle can be found small pain-

ful seals (nodules), which are apparently formed due to 

the inflammatory reaction of muscle tissue and blood 

vessels to the penetration of larvae (MA Andreychin, 

1983). Abdominal pain, nausea, vomiting occur in 20-

25% of patients. Eosinophilia appears in the first days 

of the disease and reaches its maximum level in the 2-

3rd week. There is a direct relationship between eosin-

ophilia and the severity of clinical manifestations of the 

disease. The expressed forms of a disease are followed 

by increase in number of eosinophils in blood to 50-

60% against leukocytosis (10-30 G / l.). In very severe 
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forms of the disease there is a sharp decrease in the 

number of eosinophilic granulocytes. Maculopapular or 

hemorrhagic rashes appear on the skin and last for sev-

eral days. At intensive infection with Trichinella the 

clinical course of the disease is complicated by the ap-

pearance of systemic allergic vasculitis and organ dis-

orders. The most severe of these are myocarditis, pneu-

monia, and meningoencephalitis, which appear at 3-5 

weeks. Occasionally after recovery in 2-3 days-2-3 

weeks. there are relapses of the disease, which occur in 

a mild form. 

Treatment. Specific treatment of patients with 

mild forms is not performed. Prescribe symptomatic 

drugs: antipyretics, analgesics, antihistamines, vita-

mins. Of the specific drugs, the most effective is ver-

mox (mebendazole), mintezol (thiabendzol) is also 

used. Indications for their appointment are high fever, 

edema, severe muscle pain, intense infection of the pa-

tient (finding in the meat consumed a large number of 

viable Trichinella), a short incubation period (up to 7-

10 days). Vermox is prescribed in a daily dose of 300 

mg in 3 doses after meals for 7-10 days, depending on 

the severity of the disease. The most effective treatment 

in the first 2-3 weeks. after infection, when the intes-

tines contain female Trichinella. The use of vermox or 

thiabendazole during this period causes the death of in-

testinal Trichinella and prevents young Trichinella 

from entering the muscles and other tissues of the pa-

tient. Specific treatment causes the destruction of intes-

tinal and muscular Trichinella, which is accompanied 

by increased clinical manifestations of the disease (fe-

ver, increased edema, myalgia, damage to internal or-

gans). Therefore, in severe trichinosis, vermox is pre-

scribed glucocorticoids - prednisolone at a dose of 30-

40 mg, in very severe - up to 60-80 mg per day orally, 

dexamethasone - up to 6-10 mg. These doses of gluco-

corticoids are prescribed for a week, then quickly re-

duced depending on the patient's response to their use. 

Glucocorticoids prevent the development of trichinosis 

myocarditis, pneumonia, meningoencephalitis. Pre-

scribe potassium supplements (potassium orotate 0.5 g 

3 times a day or 3-5% potassium chloride solution 30 

ml 3-4 times a day), ascorbic acid, rutin. Of the antihis-

tamines shown diphenhydramine, pipolfen, suprastin. 

In the absence of vermox, thiabendazole (mintezole) 

can be prescribed in a daily dose of 25 mg per 1 kg of 

body weight for 5-10 days. Thiabendazole is less active 

on muscle larvae than vermox. Relapses can occur on 

their own or under the influence of desensitizing 

agents. Persons who have relapsed with trichinosis are 

under dispensary supervision for 1 year. 

Prevention. An important measure is the obliga-

tory destruction by hunters of the corpses of predators 

at the place of their shooting by burning or burying 

them in the ground to a depth of at least 1 m after pre-

treatment with petroleum products. Mandatory stall 

keeping of pigs, their free movement on the territory of 

the settlement, in the forest is forbidden. Slaughter-

houses and biothermal pits must be equipped in settle-

ments to dispose of slaughter waste from farm animals 

and their carcasses; it is necessary to organize the cap-

ture and destruction of stray dogs and cats, deratization 

in places of slaughter and keeping of pigs, at food en-

terprises, warehouses of animal raw materials, markets. 

When slaughtering pigs, it is necessary to perform 

trichinoscopy of pig carcasses and destroy the infected 

ones (if there is even one Trichinella in the meat). When 

shooting wild boars, bears, badgers and other predators 

whose meat is eaten by the population, trichinoscopy 

should also be performed. Sanitary and educational 

work is carried out among hunters and groups of the 

population who eat meat that has not been sufficiently 

cooked. 

Conclusion. According to the Instruction on Di-

agnosis, Prevention and Elimination of Trichinosis of 

Animals (2007), a settlement, locality, farm, farm, re-

gardless of ownership and subordination, in which 1 or 

more cases of trichinosis have been registered during 

five years. Quarantine is introduced and a plan for the 

elimination of a trichinosis outbreak within a radius of 

30 km is developed. Endemic zone for trichinosis is an 

area (district, region, country) where this invasion is 

constantly present, which is due to natural (resistance 

of the parasite in the environment, the presence of a sig-

nificant number of species of susceptible animals, com-

plex nutritional relationships between them etc.) and 

human factors (helping people to infect pigs, horses, fur 

animals by feeding them uncontaminated slaughter-

house waste). Meat and meat products coming to 

Ukraine from areas endemic for trichinosis are exam-

ined in the amount of not less than 10% of the batch 

volume by digestion of muscle samples in artificial gas-

tric juice and compressor trichinoscopy. In areas unfa-

vorable for trichinosis invasion at slaughterhouses of 

farms, meat processing plants, meat processing plants, 

shops for the production of meat food products, re-

search on trichinosis is carried out by digestion of mus-

cle samples in artificial gastric juice. An unfavorable 

point, farm, farm, area is considered healthy if within 

three years no case of trichinosis is detected, as well as 

anti-Trichinosis antibodies in the sera of animals during 

ELISA monitoring studies. According to the Vinnytsia 

RDL of the State Service of Ukraine for Food Safety 

and Consumer Protection, our region and districts are 

considered safe for this disease. 
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Анотація 

Дослідження вчення „Про біогеохімічні провінції” дало роз’яснення специфічних різниць тварин і 

рослинних організмів в різних зонах і областях земної поверхні, ґрунтів та вод, які характеризуються не-

стачею або надлишком деяких мікроелементів. Ця робота дала можливість зрозуміти ряд місцевих енде-

мічних захворювань людей і тварин та відіграла велику роль у боротьбі із захворюваннями. 

Оптимальний вміст і співвідношення життєво необхідних мікроелементів в організмі сільськогоспо-

дарських тварин зумовлює нормальний перебіг обмінних процесів, добрий стан їх здоров’я і високу про-

дуктивність. 

Abstract 

The study of the doctrine of "biogeochemical provinces" clarified the specific differences between animals 

and plant organisms in different areas and areas of the earth's surface, soils and waters, which are characterized by 

a lack or excess of some trace elements. This work provided an understanding of a number of local endemic human 

and animal diseases and played a major role in disease control. 

The optimal content and ratio of vital trace elements in the body of farm animals determines the normal course 

of metabolic processes, good health and high productivity. 

Ключові слова: раціони, сільськогосподарські тварини, мікроелементи, хелатні сполуки, метіонати. 
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Introduction. With a lack or excess of trace ele-

ments in the body there are diseases called trace ele-

ments. The most common hypomicroelementosis, 

which occurs due to a lack of essential trace elements 

in animals. Hypermicroelementosis as a consequence 

of an excess of microelements in an organism meets 

much less often. These diseases both in our country and 

abroad are still insufficiently studied, especially the is-

sues of pathogenesis, clinical diagnosis and prevention 

and veterinary and sanitary quality of the products 

[1,2]. 

In the conditions of intensification of animal hus-

bandry the role of high-grade feeding which provides 

display of genetic potential of productivity of animals, 

reception of high-quality production at decrease in ex-

penses of forages especially grows. Complete feeding 

of animals is based on knowledge of their needs for en-

ergy, nutrients and biologically active substances, 

among which an important place is occupied by miner-

als, in particular trace elements. They give structure and 

strength to the skeleton, act as a component of organic 

compounds, increase the activity of the enzyme system 

of the body. Minerals are also necessary for the synthe-

sis of hormones. They also control the water balance in 

the body, determine the number of positively and neg-

atively charged compounds and thus regulate the bal-

ance of the acidic environment, cause muscle contrac-

tion, the movement of nerve impulses. In addition, they 

are used by animals for digestion of food, affect the 

course of digestion, support the protective functions of 

the body and neutralize metabolic products [2,3]. 
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Lack or excess of certain micronutrients, violation 

of the optimal ratio between them in the diet leads to a 

decrease in metabolic processes, digestibility and nutri-

ent utilization of feed, animal productivity, and in long-

term insufficiency to hypomicroelementosis. 

Trace elements in animals are enzootic (local) dis-

eases, because they are caused by insufficient or exces-

sive content of mobile forms of trace elements in soils, 

water sources and plants of the relevant areas. They are 

found in farm animals more often in biogeochemical 

zones and provinces. Diseases cause significant eco-

nomic damage to livestock. In animals suffering from 

microelementosis, due to metabolic disorders in the 

body not only reduces productivity but also resistance 

[4,5,6]. 

Iron in its content in the body of animals can be 

considered as a micro- and macronutrient. However, in 

terms of biochemical properties and physiological role 

in the body, it should be considered a trace element 

from the group of heavy metals. 

Most iron is found in erythrocytes (60-73% of he-

moglobin). In addition, 15-16% of it is part of iron-pro-

tein complexes, myoglobin (3-5%), enzymes and tis-

sues (up to 0.1%). Iron, which is part of hemoglobin, 

cytochrome oxidase, peroxidase, catalase, is called he-

min. Tissue iron contained in hemosiderin, ferroascor-

bate, ferritin, is called non-heme. There are also muscle 

iron, which is part of myoglobin, and serum iron - si-

derophylline (transferrin). Physiological depot in the 

body is the liver, spleen, bone marrow [2,7]. 

Copper is involved in the synthesis of hemoglobin, 

accelerates the mobilization of deposited iron and its 

transfer to the bone marrow, promotes the transition of 

mineral forms of iron in organic. Most copper is found 

in the liver, which is the physiological depot of this 

trace element. Much of it is in the blood, especially in 

erythrocytes [7,8,9]. 

Manganese is associated with enzymes, hormones 

and vitamins. In enzymatic systems, it acts as a non-

specific activator or an indispensable metal component 

in the enzyme molecule. Manganese activates phospha-

tases of blood and tissues: phosphoglucomutase, 

prolidase, carboxylase, succinate dehydrogenase, etc. 

Thus, manganese significantly affects the vital func-

tions of animals, regulates protein, carbohydrate, fat, 

vitamin and especially mineral metabolism. It also has 

a positive effect on the growth and development of an-

imals, hematopoiesis and reproductive functions. Man-

ganese is deposited in the body mainly in the liver. In 

addition, it is abundant in the bones, brain, kidneys, 

spleen [1,4]. 

Cobalt is part of vitamin B12 and is a major factor 

in blood formation. It promotes the formation of eryth-

rocytes and hemoglobin synthesis. By regulating meta-

bolic processes in animals, cobalt increases its protec-

tive properties, stimulates growth, development and 

productivity. The main depot of cobalt in the body is 

also the liver [8,9,10]. 

Zinc activates hormones of the anterior pituitary 

and pancreas. Zinc is part of the pancreatic hormone in-

sulin, while regulating carbohydrate metabolism. Close 

connection with hormones, enzymes and vitamins de-

termines its regulatory effect on reproductive function, 

metabolism of carbohydrates, proteins, fats, hemato-

poietic system, growth and development of animals. 

Thus, it is involved in the processes of cellular respira-

tion and oxidation of carbohydrates [1, 2]. 

Iron enters the animal's body with food. Many 

foods contain iron in the most easily digestible form. 

Some plant foods are also rich in iron, but their digest-

ibility is more difficult. It is estimated that the body ab-

sorbs up to 35% of iron, while other sources report that 

this figure is less than 3%. Large amounts of iron are 

found in beef, beef liver, fish (tuna), pumpkin, oatmeal, 

cocoa, peas, leafy greens, brewer's yeast, figs and rai-

sins [5,8]. 

The adult body contains about 3-5 g of iron, al-

most two thirds of this amount is part of hemoglobin. It 

is estimated that the optimal intensity of iron intake is 

10-20 mg / day. Iron deficiency can occur if the intake 

of this element in the body is less than 1 mg / day. The 

threshold of iron toxicity for a living organism is 200 

mg / day. 

An important role of iron for the body was estab-

lished in the XVIII century. The main function of iron 

in the body is the transfer of oxygen and participation 

in oxidative processes. Iron is part of hemoglobin, my-

oglobin, cytochromes. Most of the iron in the body is 

found in red blood cells, a lot of iron is in brain cells. 

Iron plays an important role in the processes of energy 

release, in enzymatic reactions, in ensuring immune 

functions, in cholesterol metabolism. Saturation of cells 

in the tissue with iron is carried out using the protein 

transferrin, which is able to carry ions of ferric iron. 

Iron ligand complexes stabilize the genome, but in the 

ionized state can be inducers, cause DNA damage and 

provoke cell death. Both iron deficiency and excess 

negatively affect the health of animals [12,13]. 

There are many factors that can help reduce iron 

content. The reasons for the low content of iron in the 

body can be its insufficient intake with food, destruc-

tion of metabolism, impaired absorption in the gastro-

intestinal tract. Situations associated with relative or 

absolute iron deficiency can occur when the body needs 

more of this bioelement. Such situations include preg-

nancy, lactation, periods of growth and development. 

Finally, the cause of iron deficiency can be acute or 

chronic blood loss [11,12]. 

In turn, iron deficiency is one of the most common 

causes of anemia, major bleeding, weakening of the 

body, impaired neuropsychiatric function. 

In some hereditary and chronic diseases, with ex-

cessive intake, iron can accumulate in the body. The 

body with excess iron suffers from physical weakness, 

loses weight, often gets sick. At the same time, getting 

rid of excess iron is often much harder than getting rid 

of its deficiency. 

With severe iron poisoning, the intestinal mucosa 

is damaged, liver failure develops, nausea and vomiting 

appear. Keep in mind that iron is an oxidizing agent 

(that is, it can cause free radicals that can destroy tis-

sues), so do not take too much iron. In cases of iron 

deficiency, the intake of iron-containing drugs should 

be combined with the intake of antioxidants: vitamin C 

and E, as well as copper. 
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Copper is a trace element that is part of a living 

cell and is necessary for the normal functioning of the 

body. She is involved in the biochemical processes in-

volved in redox reactions. Copper, like other chemical 

elements, is widespread in the biosphere, but quite un-

evenly. The level of mobile forms of copper in soils 

varies from 1 to 5 mg / kg (average 3 mg / kg). The high 

concentration of copper in the upper layers of soils 

compared to the parent rocks is associated with the bi-

ological activity of plants and its accumulation [4,5,8]. 

Copper belongs to the elements of high biogenic-

ity and accumulates in humus horizons. The degree of 

its penetration in these layers averages 14% and ranges 

from 5.2 to 22.2%. It is believed that the largest per-

centage of copper in soils falls on the silt fraction. The 

level of mobile forms of microelements is subject to 

significant fluctuations during the vegetative period of 

plant life. 

Copper is one of the most important essential trace 

elements necessary for human and animal life. The 

largest amount of this element is found in the lungs, in-

testines, spleen, skin and hair. All endocrine organs 

contain the largest amount of copper. The blood con-

tains an average of 100 mcg of copper, of which in 

erythrocytes and leukocytes 60 mcg. A significant 

amount of copper in blood plasma is found in cerulo-

plasmin, the most important copper-containing protein. 

Copper is found in the superoxide dismutase of eryth-

rocytes and leukocytes. 

Copper intake with food should be 2-5 mg / day, 

with a daily intake of less than 2 mg, which is danger-

ous due to the possibility of developing a deficiency. 

About 30% of the daily intake of copper is increased, 

and the rest of the copper in the gastrointestinal tract is 

converted into insoluble compounds, which are ex-

creted in the feces. Of the total amount of resorbable 

copper, about 80% is excreted in the bile and about 16% 

by the walls of the gastrointestinal tract. About 4% of 

absorbed copper is excreted in the urine. A small 

amount of this element is excreted with sweat 

[8,9,10,11]. 

The key role in copper metabolism is played by 

the liver and its structural elements - hepatocytes. By 

entering them through the portal vein system, copper is 

primarily bound to metallothionein, found in the liver 

of humans and most of the animals studied. The oppo-

site of the nature of the protein that binds copper in the 

liver is due to its oxidation during excretion. The syn-

thesis of metallothionein is regulated by the content of 

zinc and copper in the liver at the level of mRNA tran-

scription. Thionein performs the functions of detoxifi-

cation of copper and its intracellular transport. Increas-

ing the copper content can lead to amplification of thi-

onein genes and a sharp increase in the synthesis of this 

protein. The content of copper in plasma is regulated by 

neurohumoral mechanisms, and differently at the per-

son and various animals. 

In humans and all studied animal species, the vast 

majority of copper that enters the body is excreted in 

the feces. Most of this ME, present in the feces - not 

absorbed copper, a smaller part - endogenous copper, 

which is isolated from the bile and the walls of the gas-

trointestinal tract. Copper deficiency (hypocuprose) 

was first found in laboratory animals in 1927. Endemic 

diseases of sheep and cattle were soon reported in a 

number of countries due to copper deficiency in grazing 

plants and the preventive inclusion of small amounts of 

this element in the diet of animals [10]. These studies 

have shown that copper, in addition to participating in 

hematopoiesis, is also necessary for the normal course 

of many biochemical processes, pigmentation and ke-

ratinization of hair, myelin formation, synthesis of var-

ious tissue production compounds and more. There is 

no doubt that in the near future the list of copper defi-

ciency syndromes and diseases, which is already large 

enough, will increase, and most importantly, be clari-

fied. 

This shows that copper plays a major pathogenetic 

role in the onset of the main symptoms of the disease. 

Copper deficiency causes CNS damage in farm and la-

boratory animals, as exemplified by the endemic ataxia 

of lambs described in various countries around the 

world [12]. The reason for its occurrence is both the 

primary deficiency of copper in the pasture and the sec-

ondary one - caused by the lack of physiological antag-

onists of this metal - molybdenum, sulfates, lead, cad-

mium, etc. The symptoms of copper deficiency are var-

ied and depend on the species and age of the animals. 

Experimental copper deficiency in animals leads to de-

layed skeletal growth and development, anemia, depig-

mentation, alopecia and dermatoses, as mentioned 

above. With acute copper deficiency in feed, animals 

develop anemia, which is accompanied by diarrhea and 

exhaustion. With a deficiency of copper in feed, defor-

mation of joints and tubular bones of the extremities, 

demineralization of the brain and spinal cord. 

Copper, entering the body of an animal with food 

or water, is absorbed in the gastrointestinal tract. Re-

cently, there are no significant differences in the assim-

ilation of copper by animals from plant foods and inor-

ganic salts. The main site of absorption of copper in the 

gastrointestinal tract is the upper part of the small intes-

tine. The absorption of copper in ruminants decreases 

sharply with an excess in the diet of copper antagonists 

such as molybdenum, sulfates and zinc. It has been 

found that excess zinc can inhibit intestinal absorption, 

transport and accumulation of copper. Impaired absorp-

tion of copper leads to an increase in the gastrointesti-

nal tract production of metallothionein [13]. 

It should be noted that in ruminants the absorption 

of copper is better than in animals with a single cham-

ber stomach. Obviously, this is due to their higher need 

for this element, especially in the initial period of lac-

tation. Copper is necessary for the normal functioning 

of the microflora of the ruminant pancreas. Under the 

influence of the microflora and the juices of the rumen 

from the food that got into the pancreas, partially be-

comes part of the rumen fluid. A significant part of this 

water-soluble copper in the contents of the scar is the 

microflora of the scar. Copper, which is absorbed in the 

upper part of the small intestine, penetrates the liver, 

bone marrow, spleen and pancreas. It is believed that 

the main organ of copper deposition in the body, as 

mentioned above, is the liver. The level of copper in the 

liver is an indicator of assimilation and provision of this 
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element of the body's needs. Endogenous copper is ex-

creted mainly through the gastrointestinal tract with 

bile. The concentration of copper in bile is higher than 

in blood. Excretion of copper with bile is considered as 

one of the main ways to maintain homeostasis of this 

element in the body (gastrointestinal tract - blood - liver 

- bile). 

It has been established that copper has different ef-

fects on the absorption of minerals, sugar and amino 

acids of glycol, as well as on the excretion of nitroge-

nous substances and motility of the small intestine. It 

stimulates the absorption of potassium, calcium and 

glucose, but inhibits the absorption of sodium and 

phosphorus. Copper is actively involved in blood for-

mation, synthesis of hemoglobin and other blood hemo-

porphyrin compounds, such as cytochrome, catalase 

and cytochrome oxidase. The latter catalyzes the incor-

poration of iron into the structure of heme and thus pro-

motes the maturation of erythrocytes in the early stages 

of their development. It was found that the addition of 

copper to the diet of rats increased the content of cyto-

chromes and increased the activity of cytochrome oxi-

dase and bone marrow. There is a biochemical relation-

ship between erythropoiesis and cytochrome oxidase 

activity between hematopoiesis and cytochrome oxi-

dase activity. These processes are regulated by copper. 

It is known that copper affects the synthesis of porphy-

rin compounds. It combines with some of them to form 

iron-copper-nucleoprotein complexes, which are pre-

cursors of hemoglobin and an important source in the 

copper metabolism chain in the body. Copper ions in 

the free state act as oxidants, like oxidase, catalase and 

peroxidase. However, especially high biological activ-

ity of copper as an oxidant is manifested when it com-

bines with proteins. 

Copper is also involved in osteogenesis. It in-

creases the body's protective functions and forms hair 

pigment, which promotes keratinization of hair and 

feathers. In addition, it is part of proteins, activates their 

enzymatic functions. Copper is a component of a num-

ber of enzymes such as tyrosinase, ascorbinase, urease, 

ceruloplasmin, cytochrome oxidase, galactose oxidase, 

uricase, beta-hydrolase, diamine oxidase, monoamine 

oxidase, benzylaminooxidase, xanthine oxidase, xan-

thine oxidase, xanthine oxidase. Divalent copper is a 

specific activator of certain enzymes and also supports 

the activity of unstable pituitary hormones in the blood. 

Copper is directly related to vitamins. There was a sig-

nificant increase in B vitamins in products of animal 

and plant origin with increasing levels of copper in 

feed. The concentration of vitamin C in the body de-

pends on the level of copper in the diet. This is due to 

the fact that copper ions dramatically accelerate the ox-

idation of ascorbic acid and reduce its concentration in 

tissues and organs. Ascorbic acid and copper thus cor-

relate with each other. In addition, a correlation was 

found between the level of copper and vitamin A in an-

imals [1,2,3]. 

Another thing to note is that they are interdepend-

ent: metabolism, health, productivity and reproductive 

ability of animals based on the action of copper and 

hormonal status of the body. Copper plays a role in the 

biosynthesis of hormones and their effects on the living 

organism. It is known that the latter increases the effec-

tiveness of insulin in diabetes. Carbohydrates are 

mostly used in animals and glycogen breakdown is lim-

ited. In addition, its content in the liver increases [11]. 

In recent years, it has become important to study 

the sensitivity of ruminants to copper. It is quite low in 

the development of toxicosis. The reasons for this phe-

nomenon are - overdose of copper salts or their uncon-

trolled use, feeding copper additives to animals without 

taking into account the amount of microfertilizers that 

were introduced into the soil. In addition, the content of 

copper in feed is not always taken into account, the use 

of copper sulfate for deworming of animals. Chronic 

copper poisoning leads to necrosis of liver cells, methe-

moglobinemia, hypercuprema, bilirubinemia and he-

molysis of erythrocytes. It is important to emphasize 

that the toxic effects of copper in animals decrease with 

increasing levels of zinc in their diet [8]. 

Thus, copper is one of the many bioelements that 

plays an extremely important role in almost all biopro-

cesses of a living organism. Lack or excess of copper 

in the body of animals causes a variety of diseases, 

which, in turn, significantly affects the productivity and 

ability of animals to reproduce [4]. 

Manganese was found in animal tissues more than 

70 years ago, but its vital role for the animal body was 

established only 18 years ago, when it was shown to be 

necessary for the growth and development of rats and 

mice. It was soon found that this IU prevents the devel-

opment of skeletal abnormalities. Manifestations of 

manganese deficiency were then found in almost all 

studied laboratory and farm animals. Normally in the 

human body weighing 70 kg is 10-20 mg (0.18-0.36 

mmol) of manganese. Normally, according to L.S. Hur-

ley et al. (1987), in bones, especially tubular, and also 

in a liver and kidneys there are higher concentrations of 

manganese, than in other bodies. This is true for hu-

mans, cattle and rats. The manganese content in the 

muscles is very low, even lower in whole blood and es-

pecially in plasma. In the liver of a healthy body, re-

gardless of age, is 6-8 mg / kg (based on dry weight). 

Data on the amount of manganese in whole blood is 

very variable. Its level in the blood serum increases 

with heart disease, infections and some psychoses. El-

evated levels of manganese in whole blood have been 

reported with excessive intake of this IU, as well as 

with rheumatoid arthritis and iron deficiency [8]. 

Manganese is vital for brain function. Its highest 

concentration is in the pineal gland, the median eleva-

tion of the hypothalamus and in the basal ganglia. It ac-

cumulates primarily in melanin-containing structures 

of the CNS, such as in the substantia nigra. It is charac-

terized by a higher content in the cells of organs rich in 

mitochondria. Manganese deficiency leads to selective 

damage of these organelles, they are prolonged, the cor-

rect orientation of these crystals is broken. This obvious 

specific mitochondrial damage can be prevented by in-

cluding manganese salts in food [12]. 

Manganese metabolism was studied using its iso-

tope 54Mn with a half-life of 312 days. Manganese in 

the form of a divalent cation is absorbed equally 

throughout the small intestine. The mechanism of this 

process is little studied. It is known that normally only 
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a small (3-4%) part of this IU is absorbed in cattle, re-

gardless of its content in the diet. This process does not 

play a major role in maintaining the homeostasis of 

manganese, which, unlike iron, is controlled by the 

mechanisms of secretion of this element [13]. 

In the portal vein, most of the manganese is bound 

to protein. Free and protein-bound manganese is effec-

tively captured by the liver. A small portion is oxidized 

to Mn3 +, bound by transferrin, and travels from the 

bloodstream to various body tissues [13]. 

Manganese leaves the bloodstream very quickly. 

Only 10% of this isotope can be found in the blood 10 

minutes after 54Mn. Once in the cell, this IU is in-

volved mainly in the mitochondria, so the cells of the 

liver, kidneys, pancreas, rich in these organelles, con-

tain increased amounts of manganese. Glucocorticoids 

cause the transfer of manganese from the liver to other 

organs and tissues. 

Manganese is excreted in small amounts in the 

urine. Normally, this trace element enters the bile, ex-

creted from the body mainly in the feces. But at receipt 

in the increased quantities it is eliminated also through 

a wall of intestines, and first of all through proximal 

department. Some manganese is also excreted by the 

pancreas, which in the case of cholestasis may even be-

come the main organ of excretion of this IU. The rate 

of excretion of manganese is its content in food and 

does not depend on ions of other metals. The release of 

manganese from the body of animals increases only 

with the introduction of its stable isotope. Manganese, 

which is excreted with bile, is subject to partial reab-

sorption, in this regard, the enterohepatic circulation of 

this element is established [11]. 

Divalent manganese is predominantly present in 

solutions and biochemical structures. It, like ferric iron, 

has significant similarity to imidazole depending on the 

divalent cations of copper, zinc and cadmium, predom-

inant in the SH group, and does not replace these ions 

in their complexes with proteins. Manganese and other 

vital transition metals act as tightly bound components 

of enzyme molecules, which in this case are true metal-

loenzymes, or serve as activators of enzymes, creating 

easily decomposing complexes with them. Manganese 

acts as an activator of a number of enzymes. In the case 

of reactions that are activated by manganese, the metal 

ion reacts with the substrate, which contains a phos-

phate residue, forming a chelate, or reacts directly with 

the protein. Manganese is chemically close to magne-

sium. Based on this, the activation of most enzymatic 

reactions by this element is nonspecific and it can be 

replaced by magnesium. But manganese interacts with 

all three phosphate groups and the pyridine ring or wa-

ter molecule. Despite the fact that the activation of en-

zymes by metals is of a common non-specific nature, a 

number of phenomena observed in manganese defi-

ciency can be associated with dysfunction of enzymes 

that are activated by manganese. Manganese has a 

marked effect on the processes of gluconeogenesis and 

regulation of blood glucose levels. Pyruvate carbox-

ylase and phosphoenolpyruvate carboxykinase are in-

volved in the processes of gluconeogenesis. In fed ani-

mals in the first of these enzymes, manganese can be 

replaced by magnesium. However, in hungry animals, 

the activity of the enzyme in manganese deficiency is 

significantly reduced. Subsequent experiments have 

shown that manganese is required for normal insulin 

secretion, and the degree of suppression of the secretory 

mechanism in animals with manganese deficiency in-

creased as the stimulation of the secretion of this hor-

mone. The first observations on the effect of manganese 

on lipid metabolism have shown that it interacts with 

choline to prevent excessive deposition of fat in the 

liver. At different doses of choline in animals with man-

ganese deficiency in hepatocytes found more fat than in 

animals that received adequate amounts of this element. 

The lipotropic effect of manganese was much stronger 

at low choline content, which indicates their close in-

teraction [11,12]. 

However, the involvement of manganese in lipid 

metabolism is related to its role in cholesterol synthesis. 

This process is an important step in the synthesis of 

lanosterol - the precursor of cholesterol. The enzyme 

shows its activity only in the presence of metal, and at 

low concentrations of manganese is very effective. Hy-

pocholesterolemia has been reported in manganese de-

ficiency. It is possible that in violation of the synthesis 

of cholesterol - the precursor of sex hormones, explains 

the effect of manganese on the reproductive function of 

animals. 

The effect of manganese on lipid metabolism can 

be realized through its action on cell membranes. It is 

concentrated by mitochondria and in the absence of this 

IU clearly visible damage and even the absence of the 

outer chondrial membrane, as well as disorders in the 

system of mononuclear phagocytes. 

Manganese deficiency in animals is reflected pri-

marily in the formation of the skeleton in both intrau-

terine and postnatal periods. These phenomena are 

caused by a violation of chondrogenesis. Detection of 

ME deficiencies that occur in a pathology of bone and 

cartilage tissue could contribute to a clinical study of 

the content and synthesis of glycosaminoglycans and 

manganese levels in tissues and body fluids. In vivo, 

manganese deficiency in cattle has a number of skeletal 

abnormalities and reproductive dysfunction, most of 

which are also associated with defective glycosamino-

glycan synthesis. When manganese deficiency in utero 

is born offspring with signs of ataxia, which is charac-

terized by loss of balance, impaired coordination re-

flexes, tilting the head. The cause of these defects is the 

abnormal development of otoliths in the inner ear, nec-

essary for the normal functioning of the vestibular ap-

paratus. Manganese deficiency also affects brain func-

tion. 

The biological role of manganese in the CNS may 

be related to the normal structure and stability of mem-

branes. This ME is also necessary for the normal syn-

thesis of biogenic amines. Biogenic amines cause an in-

crease in the concentrations of manganese in the blood 

due to the formation of complexes with this metal, 

which are involved in their transport, binding and dep-

osition. Of the enzymes that are activated by manga-

nese, it is worth noting glutamine synthetase, which 

plays an important role in the detoxification of ammo-

nia. The modified form of the enzyme is much more 

subject to the regulatory action of a number of products 
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of glutamine metabolism than the original form. There 

is a possibility that manganese performs a regulatory 

function and a number of other enzymes. Among the 

enzymes that are activated by manganese is also lactose 

synthetase. Manganese can accelerate the transcription 

process by activating RNA polymerase. The main route 

of supply of manganese in the production environment 

is the respiratory tract. The enteral pathway and to a 

lesser extent the inflow through the skin can be of great 

importance. Manganese has pronounced cumulative 

properties, accumulating in the liver, kidneys, endo-

crine glands, in smaller quantities it accumulates in the 

bones, brain and spinal cord. It should be emphasized 

that this trace element freely penetrates the blood-brain 

barrier and has tropism to the subcortical structures of 

the brain. And its pathogenic effect is connected with 

it. 

A severe manifestation of manganese CNS is the 

stage of functional disorders of the nervous system with 

characteristic psychopathological symptoms in the 

form of weakening of associative processes. This stage 

is followed by the second, for which the typical in-

crease in signs of toxic encephalopathy. It should be 

emphasized that CNS damage in chronic manganese is 

accompanied by signs of gonadal suppression, as well 

as functional disorders of the thyroid gland, liver and 

gastrointestinal tract. The content and retention of man-

ganese in the blood and matter of the brain depends on 

the form in which this metal enters the body. 

Perhaps the role of manganese in the etiology and 

pathogenesis of diseases of the bone and cartilage, in 

the development and functioning of the CNS will be re-

vealed very quickly. Due to the need for optimal man-

ganese content for the formation of otoliths, it is be-

lieved that genetic, congenital and some acquired ves-

tibulopathies are associated with a violation of 

manganese homeostasis. The hypothesis of maintaining 

the optimal state of otoliths through the prophylactic 

use of manganese-containing drugs is noteworthy. 

Cobalt is one of the most important trace elements. 

This element is physiologically active, affects hemato-

poiesis and metabolism. It is a component of a number 

of metalloenzymes: transcarboxylase isomer, glycyl-

glycine dipeptidase. The most important role belongs to 

cobalt in the endogenous synthesis of vitamin B12 (cy-

anocobalamin). In ruminants, the synthesis occurs in 

the pancreas, and in monogastric - in the cecum and co-

lon. Once in the bloodstream, cobalt is deposited in the 

liver of animals, which is the richest in cyanocobalamin 

food, then in other organs: pancreas and thymus, kid-

neys, spleen, adrenal glands. This vitamin is a complex 

of Co3 +, it is involved in the synthesis of hemoglobin 

and its deficiency causes anemia. 

The content of cobalt in soils determines the 

amount of this element in plants and the level of its en-

try into the body of herbivores. If the content of cobalt 

in the soil is 2 · 10-6%, there is a severe specific disease 

of cattle, due to its insufficiency (enzootic insanity, 

coastal disease, shrub disease). Lack of cobalt in the 

diet of animals leads to acobaltosis (growth slows 

down, productivity decreases, anemia appears). The 

diseases are endemic and occur in areas with low cobalt 

content in soil and plants. The introduction of addi-

tional amounts of cobalt in animal feed leads to their 

recovery. 

The effect of cobalt on the body is not limited to 

hematopoiesis. It is associated with the activity of en-

zymes, vitamins, hormones, and also affects protein, 

fat, carbohydrate and mineral metabolism, promotes 

the accumulation of vitamins in the organs and tissues 

of animals, stimulates the growth and reproduction of 

rumen microorganisms and their synthesis of B vita-

mins. cations, cobalt is involved in the reactions of gly-

colysis and the tricarboxylic acid cycle, activates dipep-

tidases and phosphatases, interacts with other minerals, 

while performing various functions. For example, car-

boxylase may contain manganese or magnesium, co-

balt, calcium, iron. There is a relationship between Co, 

Mn, Zn and Cu in the interaction with B vitamins, man-

ganese and cobalt with vitamin E. 

Traces of cobalt are found in all foods, but its high-

est content is found in vegetable leaves. Consumption 

of cobalt with iodine diet is usually 170-440 mcg / day, 

and with water up to 10 mcg / day. 90% of the total 

amount of cobalt is contained in plant products. Cobalt 

is excreted in the feces (about 80%) and urine (10%). 

Cobalt is part of the cyanocobalamin molecule, is 

actively involved in enzymatic processes and the for-

mation of thyroid hormones, inhibits iodine metabo-

lism, promotes water excretion by the kidneys. Cobalt 

increases iron absorption and hemoglobin synthesis, is 

a powerful stimulant of erythropoiesis. The process of 

hematopoiesis in humans and animals can take place 

only with the normal interaction of three bioelements - 

cobalt, copper and iron. It should be noted that the 

mechanism of cobalt influence on hematopoiesis con-

tinues to be studied. It is known that the introduction of 

cobalt into the bone marrow increases the formation of 

young red blood cells and hemoglobin. But this re-

quires the presence of sufficient iron in the body. 

Vitamin B12, in addition to its effect on hemato-

poiesis, has a very effective effect on metabolism, es-

pecially on protein synthesis, and also has the ability to 

restore -S-S-groups involved in the processes of block-

ing and utilization of toxic elements. Assessment of co-

balt content in the body is based on the results of blood, 

urine and hair. 

From the gastrointestinal tract, cobalt enters the 

blood, where its content varies from 0.07 to 0.6 μmol / 

l and depends on the season and time of day. It is 

slightly higher in summer due to the animals eating 

fresh green fodder, which is rich in this IU. The con-

centration of cobalt is much higher in erythrocytes than 

in plasma. According to T. Gunther and sang. (1974), 

in serum cobalt binds to the albumin fraction. The ab-

sorption of vitamin B12 is different from the absorption 

of cobalt ions. It depends on the so-called intrinsic fac-

tor - one of several mucopolyproteins produced by the 

gastric mucosa. The complex is an internal factor - vit-

amin B12 enters the cells of the mucous membrane, 

where the vitamin is released by a special enzyme, and 

the factor is either subject to proteolysis, or enters the 

intestinal lumen. In pernicious anemia there is a genetic 

defect in the synthesis of this factor. Impaired absorp-
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tion of vitamin B12 is also observed during gastrec-

tomy and infection with helminths, competing with the 

host for the available vitamin B12. 

In the blood, vitamin B12 is transported by special 

proteins - transcobalamin, of which transcobalamin II 

transports it in the blood of the portal system, and trans-

cobalamin I - in the plasma of the great circle of blood 

circulation. It is believed that transcobalamin I binds 

vitamin B12 more strongly, performs the function of 

deposition. Transcobalamin III is also known and its 

function is being studied. 

Vitamin B12 is converted in the liver to hy-

droxycobalamin (Co3 +), then in the mitochondria co-

balt is reduced enzymatically to Co +, after which the 

vitamin is converted by deoxyadenosyltransferase into 

a coenzyme. Vitamin B12, like cobalt ions, is excreted 

mainly in the urine. A unique feature of the structure of 

vitamin B12 is the bond between cobalt and a carbon 

atom 0.205 nm long, which is not found in any natural 

organometallic compound. 

Vitamin B12 deficiency in ruminants occurs when 

its content in the scar fluid is below 5 ng / l and in the 

blood - below 0.2 ng / l. Vitamin B12, which is synthe-

sized by the microflora of the cecum and colon, is not 

absorbed by ruminants. The rumen microflora produces 

many vitamin B12-like compounds, and the synthesis 

of their biologically active form takes place with rela-

tively low efficiency, which is cobalt deficiency of 

about 15% of the total number of compounds contain-

ing this element, and with adequate content in the diet 

- only 3% . 

The second feature of ruminants is their marginal 

ability to absorb vitamin B12, which is only about 3-

5% of a given dose. Thus, ruminants use cobalt very 

inefficiently both in the synthesis of vitamin B12 and 

in the process of its assimilation by the body. At the 

same time, they have an increased need for vitamin 

B12, due to the peculiarities of their energy metabo-

lism. 

In ruminants, the main source of energy is not glu-

cose, but lower fatty acids - acetic, propionic, to a lesser 

extent butyric and others, which are formed by the mi-

croflora of the rumen during the fermentation of feed. 

The content of these acids in the urine of ruminants can 

serve as a reliable cobalt deficiency long before the on-

set of clinical signs of acobaltosis. Thus, ruminants 

have a high need for vitamin B12 due to the low effi-

ciency of its synthesis and assimilation, making them 

particularly sensitive to cobalt deficiency compared to 

other animal species. These defects are prevented by 

methionine injections. Methionine deficiency can also 

cause the slow absorption of nitrogen, which is ob-

served in vitamin B12 deficiency, and act as a factor 

that limits the growth of animals and their hair. A fur-

ther consequence of vitamin B12 deficiency is a 

marked decrease in the level of folic acid in the liver, 

which is restored with the introduction of methionine. 

These observations suggest that the effect of vitamin 

B12 on the metabolism of lipids and folic acid is 

through methionine, which increases folic acid stores, 

improving its entry into the hepatocyte. 

It was found that at physiological concentrations 

cobalt is required for the synthesis of thyroid hormones. 

In animals suffering from acobaltosis, giving this IU 

leads to a decrease in the size of thyroid follicles and an 

increase in the height of the epithelium lining them. En-

demic thyroid dysfunction is observed in farm animals 

and humans from biogeochemical provinces with low 

levels of cobalt in the environment or its unfavorable 

ratio with iodine. 

A similar pattern is established between diseases 

of the circulatory system and low levels of this trace 

element. The ability of cobalt to inhibit tissue respira-

tion, including bone marrow cells, is associated with 

the development of compensatory polycythemia with 

severe bone marrow hyperplasia and the formation of 

foci of extramodular hematopoiesis. One of the possi-

ble mechanisms of erythropoiesis stimulation is the ef-

fect of cobalt on the formation of erythropoietins. This 

effect of cobalt is explained by the blockade of SH-

groups of some oxidoreductases, which lead to oxygen 

starvation of the bone marrow, which stimulates it to 

increased activity or through increased synthesis of 

erythropoietin. The latter is produced in the blood of an 

inactive precursor in response to hypoxia under the in-

fluence of erythropoietin formed in the kidneys. In this 

regard, the use of cobalt as a stimulant of hematopoiesis 

can be justified only in cases of low blood erythropoi-

etin. 

Cobalt has low toxicity to the studied experimental 

animals and humans. It should be emphasized that a 

1000-fold excess of cobalt almost completely inhibits 

the absorption of iron. The subcellular distribution of 

these metals in duodenal enterocytes was similar. 

Based on these data, the authors concluded that cobalt 

inhibits the absorption of iron not by affecting the bind-

ing sites on the apical surface of erythrocytes, but by 

acting on the release processes, occurs in the basal part 

of the cells. Organic cobalt compounds have a coronary 

dilating effect. Drugs that contain this IU, promote the 

formation of iron and contribute to the beneficial effect 

on immunological reactivity. 

It has been established that cobalt compounds can 

cause sensitization of the body, which can cause der-

matitis with characteristic hyperkeratosis, as well as in-

terstitial pulmonary fibrosis. Cobalt can have toxic ef-

fects on the pregnant woman and the developing fetus. 

The connection between this metal and carcinogenesis 

remains controversial and controversial. Indeed, in the 

tumor tissues of humans and animals, in the blood of 

cancer patients cobalt content is increased by one and a 

half - two and a half times compared to normal. In ad-

dition, in patients with leukemia, the concentration of 

this IU in whole blood is reduced. The most pro-

nounced decrease in its level was observed in undiffer-

entiated and lymphoblastic forms of leukemia. During 

remission, the level of cobalt approaches the control 

figures, with the deterioration of patients - is signifi-

cantly reduced in serum, erythrocytes and whole blood. 

However, in animal experiments, the introduction of 

cobalt at a concentration of 0.01 mg / kg inhibited the 

growth of Pliss lymphosarcoma in rats and Ehrlich's as-

cites carcinoma in mice. Thus, the possible blastomo-

genic role of cobalt requires further research. 

The biological role of zinc was established about 

120 years ago, when J. Raulin showed that this element 
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is necessary for the growth of Aspergillus niger. This 

position was later confirmed for plants and animals. 

Zinc has been found to be a component of carbonate 

dehydrogenase. The study of zinc deficiency in animals 

revealed the following symptoms: changes in appetite, 

disturbance of animal behavior and loss of training 

properties, growth retardation and puberty, blocking es-

trus, infertility, lymphopenia and increased hematocrit. 

Zinc deficiency was first identified as a syndrome of 

hypogonadism and dwarfism. Zinc reserves are small - 

22.9-30.6 mmol, ie 1.5-2 g. It is found in all organs and 

tissues, but its amount varies widely: from 0.15 to 3.3 

mmol per 1 kg of raw tissue. Skeletal muscles are the 

richest in zinc, accounting for 62.6% of all IUs. It is 

important to emphasize that the release of zinc from its 

tissue depots is facilitated by glucocorticoids. The total 

content in the body is 2300 mg, of which in soft tissues 

- 1800 mg. 

At the cellular level, zinc stimulates the formation 

of polysomes, inhibits iron-catalyzed free radical oxi-

dation. It is shown that the presence of zinc is necessary 

for the transition from one phase of the cell cycle to an-

other, its lack blocks this process. Particular interest in 

zinc in the last 15 years is associated with the discovery 

of its role in nucleic metabolism, transcription pro-

cesses, stabilization of nucleic acids, proteins and espe-

cially components of biological membranes, as well as 

in the metabolism of vitamin A. 

The main regulatory mechanism of zinc homeo-

stasis is its absorption, which takes place in the small 

intestine. 

In humans and rats, zinc, like calcium, is absorbed 

mainly in the small intestine. In cattle, about 1/3 of a 

single dose of zinc is absorbed in the rennet. 

Zinc is absorbed in two phases, one of which may 

be related to energy expenditure, which is not equally 

recognized by all authors (Solomons N.W., Cousins 

R.J., 1984). The first phase is fast and reflects the flow 

of zinc, while the second, slower, phase characterizes 

the transport of this element across the basement mem-

brane. There are two different mechanisms of zinc ab-

sorption, one of which operates at low concentrations 

of this element. Due to the quantitative intake of zinc in 

the epithelium of the mucous membrane may be similar 

at both low and high content of this element in the in-

testinal contents. 

Increased protein content in the diet improves the 

absorption of zinc due to the formed amino acids. With 

a low-protein diet, the absorption of zinc, on the con-

trary, decreases. Lysine, cysteine, glycine and gluta-

mate stimulate this process, while the positive effect of 

histidine is not recognized by all authors. Elevated lev-

els of calcium in the diet make it difficult to absorb zinc 

and often cause parakeratosis. A number of studies 

have suggested that the lipid fraction of milk is im-

portant for zinc absorption, especially in newborns. The 

main role was played by essential fatty acids. 

Up to 85% of the total amount of this element is 

absorbed from food poor in zinc, and only 10-30% from 

ordinary food. Assimilation of zinc from different feeds 

is different. As part of corn, it is available by 52%, 

wheat - by 60%, peas, barley, beans - by 66-68% and 

lupine - by 80%. Of the semi-synthetic casein diet, 

which contains 18 mg of zinc, its absorption was 83%. 

Absorption of zinc is significantly reduced in inflam-

matory processes under the influence of leukocyte en-

dogenous mediator IL-1, which causes a simultaneous 

decrease in the level of zinc in blood plasma and its ac-

cumulation in the liver. 

It has been shown that zinc deficiency in the liver 

disrupts the synthesis of retinol-binding protein re-

quired for the transport of vitamin A in the blood-

stream. Particularly strong influence is on the simulta-

neous deficiency of both nutritional factors that lead to 

disruption of homeostatic regulation of the body. This 

explains the seasonal nature of some hypomicroele-

mentosis, such as endemic bovine parakeratosis, which 

occurs in early spring, and endemic icterohemoglobi-

nuria in astrakhan sheep, which disappears during their 

transition to green fodder. 

The next stage of zinc absorption is its interaction 

with intracellular enterocyte ligands. 

It is possible that the physiological antagonism of 

copper and zinc is played out in part at the level of 

metallothionein. The synthesis of this protein is in-

duced by these two elements, but zinc is more active, 

and copper forms stronger complexes with this protein. 

Therefore, when giving a moderate amount of zinc, it 

is realistic to expect, first of all, the formation of cop-

per-thionein and reduce the entry of this element into 

the blood. The interaction of both metals may have clin-

ical significance, for example, when taking massive 

doses of zinc in Wilson-Konovalov disease. 

The transfer of zinc across the basolateral mem-

brane is an active process that requires the presence of 

oxygen and energy expenditure. It is inhibited by met-

abolic toxins and may also depend on the availability 

of metal-binding portions on plasma albumin. Zinc is 

contained in plasma and erythrocytes in a ratio of 1: 8 

or 1: 9. In erythrocytes, it is present mainly as a com-

ponent of carbonic anhydrase and to a lesser extent su-

peroxide dismutase. Some zinc binds to the membrane, 

helping to stabilize its structure. Leukocytes contain up 

to 0.3% zinc, which, unlike erythrocyte zinc, does not 

exchange with its plasma reserves and does not respond 

to a deficiency of this element. The main transport pro-

tein of blood plasma, which carries 2/3 of metabolically 

active zinc - is albumin. Plasma zinc is closely corre-

lated with the amount of zinc bound by albumin. For 

some time, it has been suggested that zinc is transported 

in the portal vein by transferrin, but it is noted that the 

binding to albumin is stronger than to transferrin, and 

in the perfusion of isolated intestinal segments, ab-

sorbed zinc does not bind to transferrin but to albumin. 

The degree of absorption of zinc correlates with the 

content of albumin, not transferrin. Thus, the level of 

circulating albumin may be important in the absorption 

of zinc. Moreover, it is noted that hepatocyte culture 

absorbs zinc only from media that contain amino acids 

and albumin, but not transferrin. 

These observations suggest that albumin is the ma-

jor physiological ligand that transports zinc from the in-

testine to the liver. It was noted above that albumin also 

plays an important role in the transport of copper in the 

portal vein system, but it was found that the binding 

sites of both elements on albumin do not coincide. 
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Over the past 15 years, a great deal of research has 

been done on the intracellular volume of zinc. Gluco-

corticoids have been shown to increase zinc levels in 

hepatocytes, and this accumulation is associated with 

the synthesis of metallothionein, in the selective stimu-

lation of the synthesis of which insulin and glucagon 

are also involved. The release of zinc from the cell is 

due to the breakdown of its intracellular ligands. The 

outflow of zinc from cells depends on the plasma con-

tent of albumin and amino acids. 

Basically, zinc is excreted in the feces. Zinc, 

which is excreted in the feces, consists of undigested 

zinc, and the amount of the latter reflects the level of 

intake of this element with food and plays an important 

role in homeostasis [14,15]. 

With tissue breakdown, such as burns, surgery and 

other injuries, starvation, the zinc content in the urine 

increases significantly. Hyperzincuria is also observed 

in hepatic porphyria, postalcoholic cirrhosis and chela-

tion therapy []. Zinc enters the urine mainly from 

plasma ultrafiltrate. In the distal renal tubules, it is usu-

ally 95% reabsorbed and its amount in the urine corre-

lates well with its volume and creatinine content. With 

increasing urine volume and pregnancy, there is some 

increased zinc secretion associated with increased tub-

ular flow. Significant release of zinc occurs during in-

fusions of amino acids, especially cysteine and histi-

dine [16,17]. 

The largest amount of this element is also released 

with hair and nails. Detection of zinc in hair is an im-

portant diagnostic test for latent forms of its deficiency. 

Zinc plays an important role in the synthesis of 

protein and nucleic acids, and also plays an important 

role in skeletal development. In zinc deficiency there is 

an inhibition of alkaline phosphatase in the chondro-

cytes of the pineal cartilage, which is the main bio-

chemical defect in bone development. There is no doubt 

that zinc is involved in calcification processes, but the 

disclosure of the specific mechanism of its action is a 

matter of the future. 

A number of manifestations of the biological ac-

tivity of zinc are due to its high affinity for sulfhydryl 

groups, which are important determinants of the struc-

ture and function of proteins. Because zinc ions do not 

participate in redox reactions, they help stabilize 

sulfhydryl groups, preventing their oxidation by copper 

and iron ions. The lack of this IU in laboratory and farm 

animals is accompanied by inhibition of antibody pro-

duction, a decrease in the number of lymphocytes cir-

culating in the blood, and a significant decrease in thy-

mus mass. 

Vitamins A and B6 are needed for better absorp-

tion of zinc by the body. Assimilation of zinc interferes 

with copper, manganese, iron and calcium (in large 

doses). Cadmium can displace zinc from the body. 

Zinc is a cofactor of a large group of enzymes in-

volved in protein and other types of metabolism, so it 

is necessary for the normal course of many biochemical 

processes. This element is required for the synthesis of 

proteins, including collagen. Zinc is involved in the 

processes of cell division and differentiation, the for-

mation of T-cell immunity, the functioning of dozens 

of enzymes, pancreatic insulin, the antioxidant enzyme 

superoxide dismutase, the sex hormone dihydrocorti-

costerone. Zinc plays an important role in the processes 

of skin regeneration, hair and nail growth, secretion of 

sebaceous glands. Zinc promotes the absorption of vit-

amin E and maintains a normal concentration of this 

vitamin in the blood. It plays an equally important role 

in the body's processing of alcohol, so zinc deficiency 

can increase the chance of developing alcoholism. 

Zinc is part of insulin, a number of enzymes in-

volved in hematopoiesis. Zinc is needed to keep the 

skin in good condition, as well as in wound healing, as 

it plays an important role in protein synthesis. Zinc 

strengthens the body's immune system and has a detox-

ifying effect - promotes the release of carbon dioxide 

from the body. 

Conclusion. The biological effect of chelate com-

plexes on the body of animals is determined by their 

stability and properties of the ligands that are part of the 

complex. At this stage, several hypotheses are known 

regarding the role of chelated compounds in the absorp-

tion and transport of trace elements. According to some 

authors, the constant formation of various compounds 

can be a test indicator of their sorption. The chelated 

agent has a positive effect only when it forms a suffi-

ciently stable compound with a metal, but the stability 

constant should be lower than in compounds of the cor-

responding metals with biologically active substances 

in the body's metabolic processes. 

It is established that chelated metal compounds 

have an effect on almost all types of metabolism. Thus, 

the zinc complex increases the intensity of protein and 

carbohydrate metabolism, copper and cobalt, and zinc 

compounds - the activity of reamination enzymes. The 

adequacy of the action of trace elements and their che-

lates contributes to the manifestation of the following 

physiological effects: increased activity of transami-

nases, metalloenzymes (ceruloplasmin, glutathione pe-

roxidase, cytochrome oxidase, catalase, etc.), antioxi-

dant, protein-synthesizing systems, erythropoietin. 

Due to the gradual rupture of chelated bonds, the 

drugs have a prolonged effect. When cleaving trace el-

ements, protein ligands are effectively used by the 

body. All this makes it possible to reduce the dose of 

trace elements dozens of times, to positively solve en-

vironmental and economic problems. 
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Abstract 
The usage of biologically active additives in animal diets provides maximum use of nutrients, it has a positive 

effect on digestion. Therefore, it contributes to the rational and economical use of feed, it increases its productivity, 

and livestock farming becomes economically feasible. It has been proved that using dry extract of Echinacea Pal-

lida for the feeding quails of meat breed Pharaoh helps to increase protein accumulation and reduce fat loss in the 

chest muscles. 

Additional introduction of phytobiotic additives to the diet of quails contributes to the higher accumulation 

of dry matter by 1.57% (p <0.001), fat by 20.83% (p <0.001), ash by 1.11% (p <0.001), calcium by 42.8% (p 

<0.05), magnesium by 60.0% (p <0.01), iron by 37.8% (p < 0.001), copper by 64.3% (p <0.001) and manganese 

1.7 times (p <0.001) in the liver. 

The aim of the study was to research the physical and chemical parameters of the quails meat of the Pharaoh 

breed. To accomplish this goal an experiment was carried out on quails of the Pharaoh meat breed in accordance 

with generally accepted methods. Forming poultry groups, we took into account the live weight, age, sex, breed, 

productivity, conditions of maintenance and feeding. According to the research results, it was found that feeding 

quails by the extract of Echinacea Pallida increases the percentage of dry matter in white meat of quails by 0.51% 

(P <0.001), the protein content is increased by 3.46% (P<0.001), the amount of fat is increased by 1.27% (P <0.001) 

compared with the control group. The use of phytobiotics for poultry feeding increases the level of dry matter in 

the femoral muscles by 0.25% (P <0.01), fat by 4.05%, and extractives without nitrogen by 1.72% (P <0.001) 

compared with benchmark. The additional consumption of the phytobiotic additive increases the content of phos-

phorus by 10.7% (P <0.001), calcium by 0.51 g per kg (P <0.001), manganese by 44.8% (P <0.01) and copper by 

7.3 mg per kg (P<0.001) in the quails pectoral muscles compared with the first control group. The content of 

calcium increased by 22.4% (P <0.001), iron by 55.7% (P <0.001), zinc by 50.1% (P<0.001), manganese by 68.9% 
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(P <0.001) and copper by 3.27 mg per kg (P <0.001) under the action of Echinacea pallida extract in the femur of 

the bird, relative to the control sample. 

Keywords: quails, feeding, mixed fodder, phytobiotics, meat quality, Echinacea pallida. 

 

Introduction 

Recently scientists have found that numerous feed 

additives are used for feeding animals but they do not 

always have a positive effect on the quality of products. 

Meat products deterioration has been observed even the 

production technology has been carefully observed. 

Under current production conditions, this issue be-

comes important, it is connected with the introduction 

of advanced technologies for the new fodder products 

use, the use of products of chemical and microbiologi-

cal synthesis in feeding animals [3, 13, 14, 17, 20, 25].  

Pollution-free and quality food products play an 

important role for the normal functioning of vital func-

tions of the human body. Recently, foreign and domes-

tic scientists have shown increased interest in the feed 

additives of natural origin research and use for animal 

feeding [1, 10, 21, 22].  

Phytogenous supplements (phytobiotics) are natu-

ral growth stimulants, they are of particular importance 

nowadays. They are derived from herbs, spices and 

plant extracts; they possess flavor and curative proper-

ties; they are used both in modern medicine and feeding 

farm animals [2, 9, 12].  

Echinacea pallida is especially important among 

phytogenous supplements because it has the balanced 

content of biologically active substances, i.e. polysac-

charides, nitrogen-containing substances, organic ac-

ids, glycosides, alkaloids, flavonoids, saponins, amara, 

essential oils, resins, tannins, minerals and phy-

tomelanins. It has antioxidant, antimutagenic, antimi-

crobial, immunostimulant, radioprotective properties, it 

also increases the body's resistance, activates metabo-

lism and improves the assimilation of nutrients and 

minerals feed [8, 15, 18, 24]. 

The roots of Echinacea angustifolia and Echinacea 

pallida contain phytomelanin that has important phar-

macological properties i.e. antioxidant, antiradical, an-

timutagenic, radioprotective and immunomodulatory. 

The amount of phytomelanin in the roots of Echinacea 

angustifolia and Echinacea pallida is 1.8% [4, 16, 19, 

23]. 

However, Echinacea pallida as a fodder additive 

for quails has not been researched yet; it causes the 

need for this research work. 

Therefore, the research to determine the optimal 

dose of Echinacea pallida extract for the feeding of 

quails is relevant and has an important theoretical and 

practical value. 

The aim of the study was to research the physical 

and chemical parameters of the quails meat of the Phar-

aoh breed. 

Material and methodology of researches 

To accomplish this goal an experiment was carried 

out on quails of the Pharaoh meat breed in accordance 

with generally accepted methods [6, 7]. Forming poul-

try groups, we took into account the live weight, age, 

sex, breed, productivity, conditions of maintenance and 

feeding. We have used zootechnical, physiological, 

morphological, hematological, biochemical and statis-

tical methods of research. 

Fodder additive of Echinacea pallida dry extract is 

a brown powder of homogeneous composition with a 

characteristic smell and specific bitter taste. It is very 

soluble in water, slightly soluble in ethanol, and insol-

uble in etcitelene. This additive is gained from under-

ground part of the plant, that is, its roots. The re-

searched additive of Echinacea pallida dry extract was 

obtained on the basis of LLC Experimental Plant of 

State Scientific Center of Medicines in Kharkiv. The 

main biologically active substances of this additive are 

polysaccharides i.e. fructosans, phenolic compounds 

such as hydroxycinnamic acids that has anti-inflamma-

tory, antimicrobial and adaptogenic actions [19]. 

Fodder additive of Echinacea pallida dry extract 

was added to the basic diet of quails of meat breed Phar-

aoh in the experiment (table 1). 

Table 1 

Experimental Scheme 

Group 
Number of animals 

in group, head 

Duration of the 

experiment, days 
Feeding habit 

1-control 50 56 BD (mixed fodder) 

2-experimental 50 56 
BD + Echinacea pallida (6 mg per kg of live 

weight) 

3- experimental 50 56 
BD + Echinacea pallida (12 mg per kg of live 

weight) 

4- experimental 50 56 
BD + Echinacea pallida (18 mg per kg of live 

weight) 

*BD – basic diet 

 

Two hundred one-day age quails of meat breed 

Pharaoh were selected for experiment. Four groups of 

poultry (1 control and 3 experimental) were formed by 

analogues principle; each group had 50 heads, a live 

weight of quails was 8.0-8.1 g. Duration of the experi-

ment was 56 days. Thirty-day age quails were divided 

into females and males (25 females and 25 males). The 

first control group received the basic diet during the ex-

periment, and quails of experimental groups were fed 

different doses of Fodder additive of Echinacea pallida 

dry extract in addition to the basic diet. Сontrol slaugh-

ter of experimental animals was conducted at the end of 

research. 

The chemical, mineral composition and physical 

and chemical properties of meat were investigated by 
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selecting samples from the thoracic and femur parts of 

the carcass; they were prepared by separating the skin, 

fat and connective tissue and thoroughly crushed. 

The findings of the studies have been processed 

biometrically [11]. The indicators of the probability cri-

terion by Student-Fisher were used at three levels *Р < 

0.05, **Р<0.01, ***Р<0.001. 

Research results and their discussion 

The liver plays an important role in the digestion 

and metabolism processes. It also synthesizes various 

organic substances, i.e. proteins, glycogen, fats, phos-

phatides and others. The bulk of its dry residue consists 

of proteins represented mainly by globulins (13%), al-

bumins (1%), and iron-containing proteins. 

The research results indicate a significant effect of 

Echinacea pallida dry extract of on the chemical com-

position of the liver (Table 1). 

Table 1 

Chemical composition of quail liver, % (М ± m, n=4) 

(in air-dry substance) 

Item Group 

1–control  2–experimental 3–experimental 4–experimental 

Dry matter 89,75±0,01 90,58±0,01*** 91,32±0,01*** 89,22±0,01*** 

Protein 59,46±0,02 58,26±0,02*** 45,09±0,01*** 60,59±0,01*** 

Fat 12,23±0,02 15,29±0,02*** 33,06±0,01*** 12,29±0,01* 

Ash 3,72±0,01 4,30±0,01*** 3,96±0,01*** 4,83±0,01*** 

NFE 14,33±0,03 12,72±0,03*** 9,20±0,03*** 11,51±0,03*** 

 

The poultry of the 2nd and 3rd experimental groups 

were fed by the researched additive, the dry matter con-

tent in their liver increases by 0.83% and 1.57% 

(p <0.001). However, this indicator is less than control 

by 0.53% (p <0.001) in the 4th group. 

It should be noted that there is an increase in pro-

tein content by 1.13% (p <0.001) in the quails of the 4th 

group. This figure decreases by 1.2% and 14.37% (p 

<0.001) for the birds of the 2nd and 3rd experimental 

groups than in the first control group. 

It is worth noting that the amount of fat increased 

by 3.06% in the 2nd group, by 20.83% (p <0.001) in the 

3rd group, and by 0.06% (p <0.05) in the 4th group. The 

amount of ash increased by 0.58%, 0.24% and 1.11% 

(p <0.001) in the second, third and fourth groups re-

spectively. 

There is a probable decrease in nitrogen-free ex-

tractives in poultry of all experimental groups, respec-

tively by 1.61%, 5.13% and 2.82% (p <0.001) relative 

to the control indicator. 

Feeding quail by Echinacea pallida extract af-

fected the mineral composition of the liver in different 

ways (table 2). 

Thus, the content of calcium in the liver exceeded 

the control analogues by 42.8% (P <0.05) in the third 

experimental group. 

Table 2 

Mineral content in the quail liver 

(in air-dry substance) 

Mineral elements Group 

1–control 2–experimental 3–experimental 4–experimental 

Са, g/kg 0,14±0,01 0,17±0,01 0,20±0,02* 0,16±0,01 

Mg, g/kg 0,20±0,01 0,29±0,01*** 0,32±0,02** 0,18±0,01 

Fe, mg/kg 316,4±2,56 436,3±4,39*** 363,0±13,95* 357,8±7,68** 

Zn, mg/kg 222,7±1,22 234,4±3,28* 56,4±2,41*** 53,8±2,19*** 

Mn, mg/kg 4,23±0,04 6,11±0,07*** 7,06±0,08*** 7,44±0,12*** 

Cu, mg/kg 16,49±0,29 27,1±0,37*** 11,0±0,16*** 11,10±0,15*** 

 

The magnesium accumulation level increased by 

45% (p <0.001) and 60% (p <0.01) in quails consumed 

the minimum and average dose of the additive. How-

ever, its maximum dose decreases the magnesium ac-

cumulation level by 10%. The probable difference with 

control is not established. 

It should be noted that the amount of iron in quail 

liver increased in all experimental groups by 37.8% (p 

<0.001), 14.7% (p <0.05) and 13.1% (р<0.01), respec-

tively. 

The highest content of zinc and copper by 5.3% (p 

<0.05) and 64.3% (p <0.001) was observed in poultry 

in the 2nd experimental group, respectively, and its low-

est content by 74.6% and 75.8% (p <0.001) was rec-

orded in the 3rd and 4th groups compared to the first con-

trol group. 

It is known that quail meat has dietary properties; 

it is characterized by a gentle consistency, juicy, aro-

matic, high flavoring qualities, and slight bitterness. It 

has more vitamins, essential amino acids, macro- and 

microelements than chicken. It also contains 22% of 

protein and 3 % of fat. 

According to the research results, it was found that 

feeding quails by the extract of Echinacea Pallida had a 

positive impact on the quality of quail meat (table 3). 
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Table 3 

Chemical composition of quails pectoral muscles, %, (М ± m, n=4) 

(in air-dry substance) 

Item 
Group 

1–control 2–experimental 3–experimental 4–experimental 

Dry matter 89.56±0.01 87.95±0.009*** 90.07±0.01*** 86.67±0.01*** 

Protein 63.97±0.35 66.27±0.06*** 67.10±0.12*** 67.43±0.05*** 

Fat 11.59±0.01 9.71±0.01*** 12.86±0.01*** 9.65±0.009*** 

Ash 5.26±0.01 4.87±0.01*** 4.74±0.01*** 4.94±0.01*** 

NFE 8.74±0.35 7.10±0.09** 5.41±0.12*** 4.70±0.05*** 

 

Thus, if the average dose (12 mg per kg of live 

weight) of feed supplement is fed the dry matter amount 

in white quail meat is increased by 0.51% (P <0.001). 

If we use the minimum and maximum doses (6 to 

18 mg/kg), this item decreases by 1.61% and 2.89%, 

respectively (P <0.001) than in the control group.  

It is known that white meat is better digested in the 

human gastrointestinal tract because it contains less 

connective tissue and more protein than red one. 

It was found that the protein content in quails pec-

toral muscles of all experimental groups increased by 

2.3%, 3.13% and 3.46% (P <0.001) than the first group. 

Fat of poultry meat contains a large number of tri-

glycerides with unsaturated fatty acids. That’s why it is 

more efficiently digested. 

The fat amount in quails muscle tissue of the third 

experimental group increased by 1.27% (P <0.001). 

However, the poultry of the second and fourth groups 

have decreased this indicator by 1.88% and 1.94% re-

spectively (P <0.001) than control group. 

It should be noted that the ash content in the 2nd, 

3rd and 4th experimental groups decreased by 0.39%, 

0.52% and 0.32% (P <0.001) respectively. 

It should be mentioned that the various doses of 

the researched fodder additive reduces the NFE content 

by 1.64% (P <0.01), 3.33% and 4.04% (P <0.001), re-

spectively in white quail meat. 

Chemical composition of quails femoral muscles 

is presented in table 4. 

Table 4 

Chemical composition of quails femoral muscles, %, (М ± m, n=4) 

(in air-dry substance) 

Item 
Group 

1–control 2–experimental 3–experimental 4–experimental 

Dry matter 91.54±0.05 91.18±0.02*** 91.79±0.007** 91.77±0.009** 

Protein 62.02±0.04 59.97±0.01*** 60.25±0.08*** 60.06±0.06*** 

Fat 18.03±0.01 18.24±0.009*** 22.08±0.01*** 20.00±0.007*** 

Ash 4.49±0.01 4.24±0.01*** 3.99±0.01*** 4.22±0.01*** 

NFE 7.04±0.05 8.76±0.02*** 5.49±0.09*** 7.53±0.10** 

 

The use of phytobiotics for poultry feeding in-

creases the level of dry matter by 0.25% and 0.23% (P 

<0.01) in the third and fourth group, respectively; in the 

second group this indicator decreases by 0.36% (P 

<0.001) in comparison with the first control group. 

In all experimental groups the level of protein dep-

osition was significantly less than the control sample 

has, respectively by 2.05%, 1.77% and 1.96% (P 

<0.001). 

The ash content decrease in the red quail meat of 

the groups fed by different doses of the extract of 

Echinacea Pallida by 0.25%, 0.5% and 0.27% (P 

<0.001) was also observed.  

It should be mentioned the fat amount in the femur 

muscle predominates in the second group by 0.21%, in 

the third by 4.05%, and in the fourth by 1.97% in com-

parison with the first control group. 

The minimum (second group) and the maximum 

(third group) doses of the researched additive increases 

the part of nitrogen free substances by 1.72% (P 

<0.001) and 0.49% (P <0.01), respectively.  

The research results have shown that changes in 

the mineral composition of pectoral muscles occur 

when we use different doses of Echinacea Pallida ex-

tract (table 5). 

Table 5 

Mineral content of quails pectoral muscles, (М ± m, n=4) 

Mineral ele-

ments 

Group 

1–control 2–experimental 3–experimental 4–experimental 

Р, g/kg 10.3 ± 0.06 11.4 ± 0.02*** 10.4 ± 0.12 11.0 ± 0.12** 

Са, g/kg 0.84 ±0.009 0.55 ±0.014*** 1.35 ± 0.007*** 0.69 ± 0.012*** 

Mg, g/kg 0.72 ± 0.007 0.73 ±0.007 0.62 ±0.009*** 0.66 ± 0.007*** 

Fe, mg/kg 103.5 ± 1.00 99.5 ±0.83* 92.8 ±0.32*** 94.2 ±0.52*** 

Zn, mg/kg 101.5±0.21 98.5±0.49** 95.1 ±0.76*** 94.0 ±0.39*** 

Mn, mg/kg 9.6 ±0.25 13.9 ±0.73** 1.9±0.40*** 0.8±0.01*** 

Cu, mg/kg 3.7 ±0.03 8.5 ±0.27*** 11.0 ±0.29*** 10.4 ±0.07*** 
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Thus, about 10% of the total phosphorus content 

in the body is deposited in the poultry muscles. Meat 

products contains from 170-200 mg of this element per 

100 g of raw product.  

The researched additive increased the content of 

phosphorus by 10.7% (P <0.001) and 6.8% (P <0.01) in 

the quails white meat of the second and fourth groups. 

However, in the third the group it was at the same level 

with the control one. 

It should be noted that poultry of the third group 

has an increase in calcium in the pectoral muscles by 

0.51 g per kg (P <0.001). At the same time, the poultry 

of the second and fourth experimental groups has lower 

calcium content in the pectoral muscles than the control 

analogues, respectively by 0.29 g/kg and 0.15 g/kg (P 

<0.001). 

It is known that magnesium is calcium antagonist 

in many muscles processes. If the quails are fed by 

Echinacea Pallida extract the content of magnesium de-

creased by 13.9%, in the third group and by 8.3% 

(P<0.001) in the fourth group in accordance with the 

control parameters. 

Iron is an integral part of proteins among which 

the muscle tissue myoglobin is the most important be-

cause is 3 to 5% of the dry weight of the tissue. It also 

plays an important role in the processes of tissue respi-

ration and nutrition contributing to the live weight in-

crease and the preservation of young animals. 

It was investigated that the iron content in white 

meat decreased by 3.9% (P <0.05), 10.3% and 8.9% 

(P<0.001) in the birds of the second, third and fourth 

experimental groups compared with first group. 

Zinc has a wide range of physiological effects, i.e. 

it participates breathing, it is a catalyst in oxidation-re-

ducing processes, it also increases the activity of vita-

mins and enhances phagocytosis. 

Due to the effects of various doses of the re-

searched additive zinc decreases in the pectoral mus-

cles of quails of all experimental groups, respectively, 

by 2.9% (P <0.01), 6.3% and 7.4% (P < 0.001) in com-

parison with the control sample. 

Manganese facilitates the growth of young ani-

mals, affects the processes of hematopoiesis, tissue res-

piration and improves the hydrocarbon, protein and 

copper metabolism. 

It was found that the second sample had the high-

est amount of manganese in white meat, it was by 

44.8% (P<0.01) more than the control one has. How-

ever, the third and fourth samples have reduced manga-

nese proportion by 80.2% and 91.7% (P <0.001). 

Copper engages in hemogenesis and promotes the 

formation of hemoglobin in the blood, as well as is nec-

essary for the normal development of the skeleton and 

improving meat productivity. 

It should be mentioned that usage of Echinacea 

Pallida extract facilitates the copper accumulation in 

white quail meat; it was 4.8 mg/kg, 7.3 mg/kg and 6.7 

mg/kg (P <0.001), respectively, in comparison with the 

first control group. 

The mineral content of quails femoral muscles 

also had certain features (Table 6). 

Table 6 

Mineral content of quails femoral muscles, (М ± m, n=4) 

Mineral ele-

ments 

Group 

1–control 2–experimental 3–experimental 4–experimental 

Р, g/kg 9.3 ±0.02 9.1 ±0.22 10.1 ±0.05*** 9.9 ±0.05*** 

Са, g/kg 0.58 ±0.009 0.53 ±0.009** 0.71 ±0.01*** 0.62 ±0.01* 

Mg, g/kg 0.60 ±0.01 0.55 ±0.01* 0.59 ±0.009 0.56 ±0.009* 

Fe, mg/kg 62.1 ±0.41 63.1 ±0.46 96.7 ±0.60*** 59.5 ±0.57** 

Zn, mg/kg 62.6 ±0.24 61.5 ±0.15** 94.0 ±0.89*** 59.8 ±0.19*** 

Mn, mg/kg 8.7 ±0.39 13.2 ±0.28*** 14.7 ±0.09*** 14.3 ±0.02*** 

Cu, mg/kg 0.85 ±0.06 4.12 ±0.24*** 1.94 ±0.12*** 1.38 ±0.24 

 

Thus, the phosphorus amount in red meat of poul-

try from third and fourth groups increases by 8.6% and 

6.4% (P <0.001) respectively. However, the second 

group had a tendency to decrease this indicator by 2.1% 

compared to the control. 

It should be noted that the poultry of the third and 

fourth group had increase in calcium content by 22.4% 

(P <0.001) and by 6.9% (P <0.05). However, the poul-

try of the second group has this indicator lower by 8.6% 

(P <0.01) than the control group has. 

The amount of magnesium in all experimental 

groups slightly decreased in comparison with the con-

trol parameters, i.e. by 8.3% (P <0.05) in the second 

group, by 1.7% in the third group, and by 6.7% (P 

<0.05) in the fourth group.  

The iron content of quails femoral muscles in-

creases by 55.7% (P <0.001) in the third experimental 

group. However, this indicator decreases by 4.2% (P 

<0.01) in the fourth group. 

The level of zinc significantly increased by 50.1% 

(P <0.001) in the third experimental group. However it 

was less than control by 1.7% (P <0, 01) and 4.5% (P 

<0.001) in the second and fourth groups respectively. 

It was found that the use of Echinacea Pallida ex-

tract facilitates an increase of manganese percentage in 

the red meat of the second group quails by 51.7%, the 

third – by 68.9%, and the fourth by 64.3% (P <0.001) 

than the control sample. 

It should be noted that the consumption of mini-

mum and average dose of additive by poultry increases 

the level of accumulation of copper in the femoral mus-

cle, respectively, in the second group by 3.27 mg/kg 

and in the third group by 1.09 mg / kg (P <0.001 ) com-

pared to control. 

Therefore, different doses of Echinacea Pallida ex-

tract as a part of poultry feeds increases productivity; it 

also improves the quality of the quails meat production 

of. 
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Conclusions 

1. Additional introduction of phytobiotic addi-

tives to the diet of quails contributes to the higher accu-

mulation of dry matter by 1.57% (p <0.001), fat by 

20.83% (p <0.001), ash by 1.11% (p <0.001) in the 

liver. 

2. It was found that the different doses of the re-

searched additive increases the accumulation of cal-

cium by 42.8% (p <0.05), magnesium by 60.0% (p 

<0.01), iron by 37.8% (p < 0.001), copper by 64.3% (p 

<0.001) and manganese 1.7 times (p <0.001) in the 

liver. 

3. It was found that feeding quails by the extract 

of Echinacea Pallida increases the percentage of dry 

matter in white meat of quails by 0.51% (P <0.001), the 

protein content is increased by 3.46% (P<0.001), the 

amount of fat is increased by 1.27% (P <0.001) com-

pared with the control group. 

4. The use of phytobiotics for poultry feeding in-

creases the level of dry matter in the femoral muscles 

by 0.25% (P <0.01), fat by 4.05%, and extractives with-

out nitrogen by 1.72% (P <0.001) compared with 

benchmark.  
5. The additional consumption of the phytobiotic 

additive increases the content of phosphorus by 10.7% 
(P <0.001), calcium by 0.51 g per kg (P <0.001), man-
ganese by 44.8% (P <0.01) and copper by 7.3 mg per 
kg (P<0.001) in the quails pectoral muscles compared 
with the first control group. 

6. The content of calcium increased by 22.4% (P 
<0.001), iron by 55.7% (P <0.001), zinc by 50.1% 
(P<0.001), manganese by 68.9% (P <0.001) and copper 
by 3.27 mg per kg (P <0.001) under the action of 
Echinacea pallida extract in the femur of the bird, rela-
tive to the control sample. 
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