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Effect of feeding on morphological skin parameters in
pregnant Tushin ewes of North Caucasus
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Abstract
In 2018, to determine the optimal nutrients rate in the ration required for pregnant ewes in the conditions of
distant grazing on mountain pastures of the North Caucasus after the end of the breeding season, 120 Tushin ewes
suitable for the third lambing were selected and divided into 4 groups of 30 heads each. Ewes of the first control
group were fed the economic ration made in accordance with the standards of All-Russian Research Institute for
Animal Husbandry (VIZh) (2003). The ewes’ ration in the second, third and fourth groups increased in the total
nutritional value by 10, 15 and 20% respectively, compared to the ration of the control group. The study of the skin
structure was carried out using preparations made from skin samples of five pregnant ewes from each group. It is
found that depending on the season and pregnancy, the skin of test ewes has undergone significant changes:
decrease in the thickness of the skin and its layers, the activity of sweat and sebaceous glands, the size of hair
follicles and diameter of collagen fiber bundles. The greatest decrease in these indices has appeared in the skin of
pregnant ewes, which were fed the ration made according to the standards of All-Russian Research Institute for
Animal Husbandry (17.1%). Similar changes have appeared in the thickness of the epidermis, papillary and reticular
layers. The least decrease in the thickness of the skin and its layers has appeared in ewes that were at high feeding
level. The study of horizontal sections of the ewes’ skin in the test groups showed that the feeding level during
pregnancy did not affect the follicles number in the hair group. In ewes that received an increased feeding level, the
follicles number per unit area of skin decreased by 8.0-13.9% due to the increase in fatness and, therefore, skin area.
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Introduction
Balakirev N.A. et al. note in their work “...Sheep breeding is an industry that ranks second to none in the
variety of products and therefore it has huge genetic resources. More than 40 sheep breeds of different types of
productivity, which is due to the wide variety of natural and climatic zones are bred in the territory of Russia. At
present, due to the country’s economic situation over the past twenty years, many sheep breeds in Russia are in
danger of extinction, degeneration or are on thin ice, i.e. the breed size shows continuing decline. The problem of
preserving the gene pool of farm animals is important, as it is directly related to the production of different products.
It is necessary to preserve and maintain all bred sheep breeds in a normal condition, special attention should be paid
to native breeds, because they have unique biological qualities and are able to produce different types of products in
harsh natural climatic conditions” (Balakirev et al., 2019).
Feeding during pregnancy is of importance to obtain a healthy, strong lamb and increase productivity. At
the time of pregnancy hormonal changes occur in the sheep body, during this period the need for energy increases
both for the fetus development and for supporting the immune system. The fetus has special requirements for
nutrients and metabolic processes that take place in the maternal body (Trukhachev et al., 2018; Trukhachev et al.,
2018; Beerman et al., 1995; Duckett et al., 2000; Bazarov et al., 2016; Bazarov et al., 2016; Lamanov et al.,2020;
Gogaev et al., 2016). Insufficient nutrients intake affects not only the fetus development but also further
productivity, including dairy, which determines the efficiency of rearing young animals ( Gogaev et al., 2001;
Gogaev et al., 2003; Gogaev et al., 2012; Gogaev et al., 2014). Feeding correction at the time of pregnancy is
relevant, especially under conditions of distant grazing on mountain pastures, which involves breeding such sheep
breeds that have more intensive metabolic processes and, accordingly, feed must supply more nutrients (Dvalishvili
et al., 2017; Radzhabov et al., 2020; Radzhabov et al., 2020; Gabaev et al., 2016).
According to N.A. Diomidova, “skin differs very favorably from internal organs in that it can be studied
without slaughtering an animal, using the method of in vivo sampling. In vivo observations conducted on the same
animals made it possible to know the skin properties in relation to changes occurring in the body under the
environmental impact” (Diomidova et al., 1957).
One of the main indices that characterize the animal growth and development is changes in the thickness of
the skin and its layers during the body vital activity (Gogaev et al., 2020; Gogaev et al.. 2016; Gogaev et al., 2019;
Gogaev et al., 2018; Gogaev et al., 2019). The skin is a mirror of the animal health, especially sheep, where it
performs the function of producing wool fibers. The aim of the research was to study the impact of the pregnant
ewes’ feeding level on the morphological skin parameters of Tushin sheep.

Methods and materials
For the period 2018-2020, studies to determine the optimal nutrients rate in the rations required for
pregnant ewes were conducted on the farm “Dzhigkaev Valery Sergeevich” in Ardonsky district of the Republic of
North Ossetia-Alania. Coordinates of the farm: latitude-43° 11 '38"; longitude-44° 18 '49"; altitude - 412 meters. In
2018, after the end of the breeding season, 120 Tushin ewes suitable for the third lambing and selected for the
experiment were divided into 4 groups of 30 heads each. Ewes of the first control group were fed the economic
ration made in accordance with the standards of All-Russian Research Institute for Animal Husbandry (VIZh)
(2003). The ewes’ ration in the second, third and fourth groups increased in the total nutritional value by 10, 15 and
20% respectively, compared to the ration of the control group.
The study of the skin structure was carried out in the Gorsky State Agrarian University using preparations
made from skin samples of five pregnant ewes from each group on the freezing microtome MZ-2. Skin samples
from test ewes were taken in autumn, in November, immediately after insemination, and in February/March,
immediately after lambing.
The resulting digital material was processed by the method of variation statistics with the calculus of the
corresponding criteria.

Results
Very little research has been done into the skin structure of pregnant ewes depending on their feeding level.
Existing works mainly focuses on the issue of comparative study of the skin structure in the pregnant and dry sheep.
In autumn, the skin of ewes in all test groups was dense and elastic. Vertical sections show a deep and
coherent arrangement of hair follicles. The sebaceous and sweat glands are active. The sebaceous glands are large.
Sweat glands with wide lumen lie deep and look like convoluted tubes.
Data analysis (table 1) shows that under the impact of season, pregnancy and feeding conditions there was a
significant reduction in the thickness of the skin and its derivatives, but the degree of their reduction in the test ewes
varies. In ewes of the control group the total skin thickness decreased by 346.7 µm, or 17.1%, in the test groups,
despite the increased feeding level, the total skin thickness decreased by 7.1-12.5%. The lowest decrease in this
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index was observed in ewes that were fed 20% more nutrients compared to the standards of All-Russian Research
Institute for Animal Husbandry. The change in the total skin thickness was followed by changes in the thickness of
all its layers, but the nature and degree of changes were unequal.
Table 1 – Thickness of the test ewes’ skin and its layers, μm
Thickness

Study period

Groups

Skin

at the start of pregnancy
after lambing
at the start of pregnancy
after lambing
at the start of pregnancy
after lambing
at the start of pregnancy
after lambing

I (control)
2031.2 ± 52.2
1684.5 ± 58.4
20.8 ± 0.59
17.8 ± 0.43
1239.0 ± 44.4
966.4 ± 24.4
771.4 ± 30.3
700.3 ± 29.3

Including
epidermis
Papillary
layer
Reticular
layer

II (test)
2029.8 ± 55.8
1776.4± 42.7
20.5 ± 0.48
18.5 ± 0.50
1238.2 ± 32.2
1040.1 ± 26.2
771.1 ± 24.3
717.8 ± 14.3

III (test)
2029.6 ± 59.4
1822.3 ± 38.1
20.9 ± 0.47
19.4 ± 0.39
1238.6 ± 41.8
1089.9 ± 20.3
770.1 ± 34.1
713.0 ± 14.5

IV (test)
2031.4 ± 54.9
1886.6 ± 48.5
20.4 ± 0.46
19.8 ± 0.41
1239.4 ±42.4
1140.2 ±25.2
771.6 ± 32.6
726.6 ± 20.2

Table 2 – Follicles depth and width in test ewes’ skin, μm
Indices

Study period

Follicles
depth

PF
SF

Follicles
width

PF
SF

Groups

at the start of pregnancy
after lambing
at the start of pregnancy
after lambing
at the start of pregnancy
after lambing
at the start of pregnancy
after lambing

I (control)

II (test)

III (test)

IV (test)

1259.8 ± 44.1
984.2 ± 27.3
951.1 ± 29.2
751.4 ± 20.5
170.1 ± 3.4
134.4 ± 2.2
89.4 ± 2.2
67.1 ± 2.8

1258.7 ± 38.3
1058.6 ± 26.4
950.3 ± 37.7
807.8 ± 16.4
170.4 ± 3.0
141.4 ± 2.4
89.2 ± 3.7
71.4 ± 1.8

1259.5 ± 64.4
1109.3 ± 21.9
951.1 ± 41.2
855.9 ± 16.4
170.6 ± 2,6
151.8 ± 2.9
89.6 ± 3.3
77.7 ± 2.5

1259.8 ± 52.3
1160.0 ± 26.0
952.4 ± 39.6
885.7 ± 17.3
170.5 ± 3.6
158.6 ± 2.7
89.5 ± 4.1
82.3 ± 2.7

Table 3 – Glandular system in test ewes’ skin, μm
Indices

Sebaceou
s glands

Sweat glands

depth

at the start of pregnancy
after lambing

I (control)
1224.5 ±
50.8
869.4±
28.2
69.5± 3.4
52.8 ± 3.4

II (test)
1226.2 ±
47.6
968.6 ±
25.5
69.0 ± 2.6
55.9 ± 2.2

III (test)
1224.3 ±
53.9
1040.6 ±
24.5
66.4 ± 4.1
57.1 ± 1.7

IV (test)
1225.1 ±
52.1
1102.6 ±
27.8
68.2 ± 5.1
62.1 ± 3.3

at the start of pregnancy
after lambing
at the start of pregnancy
after lambing

86.4 ± 6.7
62.2 ± 6.5
46.6 ± 2.6
35.0 ± 2.9

85.8 ± 6.6
69.5 ± 5.4
45.7 ± 3.0
37.4 ± 2.4

86.5 ± 6.2
76.1 ± 6.4
45.4 ± 2.9
40.5 ± 1.9

87.1 ± 6.6
81.8 ± 6.9
46.8 ± 3.1
44.4 ± 2.2

at the start of pregnancy
after lambing

width of the
secretory
division
length
width

Groups

Study period

The epidermal thickness in ewes of the first group decreased by 14.4%, while in ewes of the second group
such decrease was less significant and ranged from 9.8% in the second group to 2.9% in the fourth group.
The greatest changes in the skin thickness occurred in the papillary layer. In all test groups of ewes, the
thickness of the papillary skin layer decreased ranging from 8.0 to 22.0%. The most severe thinning occurred in the
ewes of the first group (22.0%), the least – in the counterparts of the fourth group (8.0%), in the ewes of the second
and third groups the thickness of the papillary layer decreased by 16.0 and 12.0%, respectively. The same pattern
was observed when changing the reticular layer of test animals’ skin, but it should be noted that the greatest
decrease occurred in the thickness of the papillary layer, then in the reticular layer.
Along with a decrease in the thickness of the papillary layer, there were changes in the depth and width of
primary and secondary hair follicles. Thus, the depth of primary hair follicles in the ewes’ skin during the period of
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pregnancy decreased by 7.9-21.9% according to the feeding level of all test groups. The same pattern was observed
in the depth of secondary hair follicles.
The feeding level of pregnant ewes also affected the size of hair follicles (table 2). Thus, the width of
primary follicles in the ewes’ skin of the first group decreased by 21.0; in the second group – by 17.0; in the third
group – by 11.0 and in the fourth – by 6.4%.
A similar decrease is observed in the width of the secondary follicles, which was in ewes of the first group
24.9; in the second group – 20.0; in the third group – 13.3 and in the fourth group – 8.0%.
It is known that the sweat and sebaceous glands function most actively in the summer-autumn period, at
this time their depth and size are of the greatest value, and, by contrast, in the winter-spring period, their size
decreases due to the reduction in their secretory activity, which is confirmed by the data in table 3. The analysis of
the data presented, it can be seen that in all test groups, the depth and width of the secretory divisions in the sweat
glands decreased. A more significant decrease in these indices is observed in the ewes of the first control group.
A significant decrease also occurred in the size of the sebaceous glands, the length of which in ewes of the
first group was 28.0; in the second group – 19.0; in the third group – 12.0 and in the fourth – 6.1% of the original
length, and the width – by 24.9; 18.2; 10.8 and 5.1%, respectively. As these data show, the greatest decrease in the
size of the sebaceous glands is observed in pregnant ewes, which were fed the ration made in accordance with the
standards of All-Russian Research Institute for Animal Husbandry.
Under the impact of the season and the feeding level of pregnant ewes, the diameter of the collagen fiber
bundles decreased. Data from table 4 show that the diameter of collagen fibers in ewes of the first group decreased
by an average of 25.9%, while in the test groups this index was: in the second – 20.4; in the third – 16.5 and in the
fourth – 10.1% (P>0.99).
Table 4 – Diameter of skin collagen fiber bundles, µm
Group

I (control)
II (test)
III (test)
IV (test)

Study period
at the start of
pregnancy
13.5 ± 0.38
13.7 ± 0.41
13.9 ± 0.30
13.8 ± 0.34

after lambing
10.0 ± 0.33
10.9 ± 0.33
11.6 ± 0.32
12.4 ± 0.33

Table 5 – Follicles number in test ewes’ skin, (in pieces/ pcs)
Index

PF+SF
PF
SF

PF+SF
PF
SF

Period

Groups

II (test)
Ⅰ (control)
Follicles number in the hair group
at the start of pregnancy
12.2 ± 0.28
12.4 ± 0.28
after lambing
11.4 ± 0.31
11.9 ± 0.34
at the start of pregnancy
1.8 ± 0.17
1.8 ± 0.16
after lambing
1.6 ± 0.60
1.7 ± 0.50
at the start of pregnancy
10.4 ± 0.12
10.6 ± 0.15
after lambing
9.8 ± 0.31
10.1 ± 0.33
Follicles number per 1mm2 of skin
at the start of pregnancy
28.8 ± 0.73
28.2 ± 1.07
after lambing
27.8 ± 0.69
26.4 ± 0.67
at the start of pregnancy
5.2 ± 0.13
5.3 ± 0.15
after lambing
5.1 ± 0.17
4.9 ± 0.18
at the start of pregnancy
23.6 ± 0.60
22.9 ± 0.79
after lambing
22.7 ± 0.72
21.5 ± 0.59

III (test)

Ⅳ (test)

12.3 ± 0.16
12.1 ± 0,24
1.8 ± 0.13
1.7 ± 0.51
10.5 ± 0.18
10.4 ± 0.22

12.2 ± 0.22
12.1 ± 0.34
1.8 ± 0.19
1.7 ± 0.47
10.4 ± 0.21
10.4 ± 0.30

28.7 ± 0.86
25.4 ± 1.23
5.1 ± 0.15
4.7 ± 0.14
23.6 ± 0.76
20.7 ± 0.92

28.5 ± 0.71
24.8 ± 0.83
5.3 ± 0.18
4.5 ± 0.16
23.2 ± 0.69
20.3 ± 0.68

As the data presented show, the skin thickness and the size of its derivatives are greatly reduced after
lambing (February/March). The depth of hair roots is more superficial. They are more curved and lie with a greater
gradient to the skin surface. The number of fat cells significantly decreased. The sweat glands do not extend
vertically as deeply into the reticular layer, but are inclined to the skin surface. Their secretory divisions in most
animals are located below the deep-lying hair follicles.
Studying the horizontal skin sections in all test ewes showed that at the beginning of the experiment, the
follicles number in the skin of all test animals was almost equal both in the hair group and per unit area of the skin.
The analysis of table 5 shows that on average, the hair group of adult Tushin sheep contains 11.4 – 12.4
follicles, including 1.6-1.8 primary follicles and 9.8-10.6 secondary ones.
Data from table 5 show that the follicles number is less susceptible to changes occurring in the skin of
pregnant ewes, under the impact of different feeding levels compared to other morphological skin parameters. Thus,
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the total number of follicles in the hair group ranged from 0.8 to 6.6%. Probably, this phenomenon is associated
with the destruction of a part of follicles as a result of nutrients deficiency in the ewes’ body.
The total number of hair follicles decreased by 0.8 pcs or 6.6% in the group of ewes, which received an
economic ration made according to the standards of All-Russian Research Institute for Animal Husbandry. In the
second group this index decreased by 4.0%, in the third – by 1.6% and in the fourth – by 0.8%.
Analyzing the number of primary follicles, it can be noted that they are more susceptible to changes and the
decrease was 5.5-11.1%. It is also observed that primary follicles greatly decrease in the ewes of the first group. The
reverse is observable when analyzing the data on the number of hair follicles per unit area of skin compared to the
data of this index in the hair group. If in the hair group, an increased feeding level contributes to the preservation of
the follicles number, so, on the contrary, due to an increase in the ration nutritional value, the animal fatness
increases with the respective increase in the skin area, and since hair follicles are laid in the embryonic period, the
number of follicles per unit of skin area decreases according to an increase in the skin area during the vital activity.
So the least decrease in the total number of hair follicles was observed in ewes of the first group, then as the
nutrients in the ration increase, the density of hair follicles in the skin decreases. In ewes of the fourth group that
received 20% more nutrients in their rations, the total number of hair follicles decreased by 13.9%, in the third group
– by 9.9% and in the second group – by 8.0%. The same pattern is observed in the number of both primary and
secondary hair follicles.
Based on the data obtained, one can conclude that for the period of the experiment, the skin and its layers
have undergone the following changes: decrease in the thickness, the activity of sweat and sebaceous glands, the
size of hair follicles and diameter of collagen fiber bundles. However, the greatest decrease in these indices has
appeared in the skin of pregnant ewes, which were fed the ration made according to the standards of All-Russian
Research Institute for Animal Husbandry. During pregnancy, the total skin thickness of ewes decreased by an
average of 17.1%, including the epidermis, papillary and reticular layers (14.4; 22.0 and 9.2%, respectively). The
least decrease in the thickness of the skin and its layers has appeared in ewes that were at high feeding level. Their
skin thickness decreased by an average of 7.1%, and the layers thickness: the epidermis – by 2.9%; the papillary
layer – by 8.0% and the reticular layer – by 5.8%. In the ewes of the second and third groups the degree of change in
the skin structure was intermediate. It should be noted that of all skin layers the greatest decrease occurred in the
thickness of the papillary layer, then in the reticular one and the least – in the epidermis; studying horizontal sections
of the ewes’ skin in the test groups showed that the feeding level during pregnancy did not affect the follicles
number in the hair group. This is confirmed by the constant number of hair follicles in the group. In ewes that
received an increased feeding level, the follicles number per unit area of skin decreased by 8.0-13.9% due to the
increase in fatness and, therefore, skin area.
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