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and adaptive defence factors in sows and piglets born from them under the influence of a feed additive containing
Saccharomyces cerevisiae yeast and enzymes. The results of the research demonstrated that feeding sows during
pregnancy and lactation, as well as piglets before weaning, had a positive effect on the immune function of the
mother and offspring. Under the influence of these factors, the additive has an activating effect on the natural
mechanisms of the humoral link of the body’s nonspecific resistance, especially in sows. This was evidenced by the
higher bactericidal and lysozyme activity of sow blood serum during pregnancy and lactation (p <0,05-0,001) and
a lower content of circulating immune complexes (p < 0,05), which indicates a decrease in the antigenic load on
the mother’s body, especially during the period of immunosuppression. Similar changes, but expressed to a lesser
extent, were recorded in piglets, with higher BASK (p <0.05) and lower CIC (p<0.05). Feeding sows and piglets with
yeast and enzymes during periods of low immune potential of their body had an activating effect on the state of
adaptive immunity, in particular, cellular factors of specific body defence. This was evidenced by an increase in
the number of T-lymphocytes (total, active and theophylline-resistant) and B-lymphocytes (p < 0.05-0.001) and
an increase in their functional activity due to the redistribution of the receptor apparatus of immunocompetent
cells - an increase in the number of T- and B-lymphocytes with low and medium receptor density and a decrease
in undifferentiated cells (p <0.05-0.001). Thus, the activating effect of the studied factors of the feed additive on
the state of natural and adaptive defence factors in the body of sows and their offspring was established, which

positively affects the formation of an immune response in periods of low immune potential of their body
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INTRODUCTION

The safety of piglets at an early age and during wean-
ing is one of the most pressing issues in livestock pro-
duction not only in Ukraine but also in most developed
countries. The immune system is a major contributor to
the viability of the organism. At the same time, in the
context of modern intensive livestock farming, which is
unilaterally focused solely on productive animal feed-
ing, environmental stress, several stress factors and un-
controlled use of chemotherapeutic agents lead to a
violation of metabolic homeostasis, a decrease in the
level of cellular and humoral defence factors, the devel-
opment of inflammation and immune deficiency, which
can cause diseases. At the same time, in most cases,
a violation of the quantitative and qualitative compo-
sition of the microbiocinosis of the intestinal tract is
recorded and, as a result, the occurrence of bacterial
imbalance in piglets. A pathologically altered microbial
ecosystem can be a trigger for the development of the
disease, contribute to its chronicity with the develop-
ment and progression of metabolic and immune disor-
ders, and the formation of endogenous infection reser-
voirs of various aetiologies and localisation. Therefore,
there is a need to use appropriate remedies to correct
impaired functions, and to restore microbiocinosis and
the body’s immune potential.

It is, therefore, necessary to develop and introduce
into production safe products that can take a promi-
nent place in the system of measures to ensure the bi-
ological protection of animals, especially young piglets.
Scientists such as M. Elghandour et al. (2020), T. Pruduys
and O. Vishchur (2022) believe that probiotic supple-
ments, which are used as growth stimulants and are
an alternative to feed antibiotics, largely meet these
requirements. Probiotics are live bacteria or yeast cul-
tures that are used to stabilise digestion, inhibit the
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growth of pathogens, and produce vitamins, enzymes
amino acids and other biologically active substances.

An analysis of periodicals and specialised litera-
ture has shown that several major US, UK and Europe-
an manufacturers have begun to supply the Ukrainian
market with new-generation feed additives of various
types: flavour and aroma substances, enzyme prepa-
rations, probiotics, prebiotics and others. At the same
time, domestic producers, using modern technologies,
are also entering the market for high-quality, safe, com-
petitive feed additives. However, the successful use of
such additives requires a high-quality comprehensive
study of their efficacy and safety, as well as clear dos-
age recommendations. In this context, various yeast
strains that can be used as probiotics, prebiotics, syn-
biotics and postbiotics are attracting particular atten-
tion. H. Vries et al. (2020) believe that the use of Sac-
charomices cerevisiae yeast in monogastric animals is
of particular interest. The authors state that the main
effect of adding yeast is to stimulate the formation of
a rough membrane from disaccharides; anti-adhesive
effect against pathogens; stimulation of nonspecific
immunity; inhibition of toxins; and antagonistic effect
against pathogens.

S. Bearson et al. (2023) highlight that the effect of
the yeast cell wall on the immune system is known.
These properties are attributed to substances in the
middle layer of the yeast cell wall, glucans. These
macromolecules can stimulate certain agents of the
mammalian immune system, especially the inflamma-
tory response and the reticuloendothelial system. The
mechanism of stimulation of the immune response has
been described and includes the binding of a specif-
ic glucan receptor on the surface of peripheral leuko-
cytes and extravascular macrophages. The activation




of this receptor by glucan stimulates the activation of
its natural defence, which leads to a cascade reaction,
primarily the production of cytokines by macrophages.
C.Loving et al. (2023) noted that glucans are recognised
as “immunoamplifiers”. Glucans also significantly stim-
ulate the phagocytic function of immune system cells.
At the same time, T. Hjorth et al. (2023) reported an
increase in the number of lactobacilli and a decrease
in the number of bifidobacteria in the intestines of
weaned piglets after feeding yeast, while A. Zbikows-
ka et al. (2022) reported a decrease in the population
of coliforms.

P.Han et al. (2024) showed that the preservation of
normal intestinal morphology occurs due to the bind-
ing and reduction of pathogen colonisation in the gas-
trointestinal tract, which helps to improve the integrity
of the intestinal mucosa and enhances the activity of
the immune system. Additional studies conducted by
W. Xiao et al. (2022) show that oral administration of
Saccharomices cerevisiae to rats significantly enhances
the synthesis of Ig Aand the secretory component of im-
munoglobulins. Other studies by M. Marco et al. (2021)
demonstrated the stimulating effect of Saccharomyces
cerevisiae yeast on the content of immunoglobulins G
and A in sow colostrum, which has a positive effect on
the health and adaptive capacity of piglets during the
early postnatal period. R. Domingos et al. (2021) de-
termined that the addition of Saccharomices cerevisiae
yeast as a probiotic to sow feed in the third trimester
of pregnancy and during lactation reduced live weight
loss at weaning, improved lactation, which had a posi-
tive effect on piglet weaning weight.

Therefore, it is of considerable interest to study the
combined effect of the probiotic properties of yeast and
a complex of enzymes on the body of sows and off-
spring. The study aimed to determine the effect of a
feed additive containing Saccharomyces cerevisiae yeast
and a complex of enzymes (protease, cellulase, xyla-
nase, y-amylase, B-glucanase, phytase) on the state of
T-and B-cell specific defence and the activity of natural
mechanisms of nonspecific resistance in sows and pig-
lets born from them at critical periods of ontogeny.

MATERIALS AND METHODS

The study was conducted at the pig farm “Barkom” LLC,
Sambir district, Lviv region. According to the principle of
analogues, two groups of gestating sows of the Large
White breed (2-3 farrowing) were formed, 8 animals in
each group - control and experimental. The animals
were kept in the same box, under the same feeding
conditions and microclimate, which was maintained by
an automated ventilation system. During the prepara-
tory period (lasting one month), sows were kept in in-
dividual pens with individual drinkers and feeders. At
the end of the preparatory period on the 85 day of far-
rowing, sows of the control group continued to receive
standard feed (SF) balanced in terms of basic nutrients.
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The sows of the experimental group were additionally
fed the feed additive “EnzActive Mix” in an amount of
0.3 kg/t of finished feed along with the SF. Five days be-
fore the scheduled farrowing, sows of both groups were
transferred to the maternity ward, where they were kept
in individual pens designed for parturition. Since then,
the animals have been fed lactating sow feed. Sows of
the experimental group received the feed additive “En-
zActive Mix” in the amount of 0.3 kg/t of finished feed
in addition to SF. After farrowing, the sows of the exper-
imental and control groups were kept according to the
specified feeding scheme. The experiment was started
on the 85t day of sow farrowing and completed on the
28" day of lactation. The duration of the experiment
was 58 days. During the experiment, the clinical condi-
tion of the animals was monitored, and the weight of
the sows was determined by weighing them before far-
rowing and on the day of weaning. Feed consumption
by sows during lactation was monitored.

Piglets born from sows of the control and exper-
imental groups, starting from 5 days of age, received
pre-starter and later starter feed in the corresponding
periods of growth. At the same time, piglets of the ex-
perimental group were additionally fed the investigat-
ed feed additive in an amount of 0.5 kg/t of finished
feed. The investigated feed additive EnzActive Mix is a
unique combination of live yeast of the genus Saccharo-
myces cerevisiae and a complex of enzymes located un-
der the layer of inactivated yeast cells. In particular, the
product contains live yeast of the genus Saccharomyces
cerevisiae with an activity of at least 1.5x10%10 CFU/qg,
as well as a complex of six enzymes: protease, cellu-
lase, xylanase, a-amylase, B-glucanase, phytase (Patent
No. 157586, TU U 10.9-00383320-029:2024).

The material for immunological studies was blood
taken from sows from the jugular vein on the 85% and
112™ day of pregnancy and the 21% day of lactation.
In piglets born from sows of the experimental and
control groups, blood was taken from the cranial vena
cava at 5- 14- and 28 days of age. The methods used in
the study were those most suitable for the conditions
described in the reference book, edition by V. Vlizlo et
al. (2012) in the section on the study of the immunolog-
ical status of animals. In heparin-stabilised blood, the
total number of T-lymphocytes (T-lymphocytes) and the
number of “active” T-lymphocytes (TA-RUL) were deter-
mined by the method of rosette formation with sheep
erythrocytes. At the same time, their subpopulations
were determined - T-helper (Th-RUL), theophylline-re-
sistant (TR) and T-suppressor (Ts), theophylline-sen-
sitive T-lymphocytes. The number of B-lymphocytes
(EAC-RUL) is determined in the complementary rosette
reaction with sheep erythrocytes. The presence of
various markers and receptors on the surface of lym-
phocytes allows them to be differentiated from each
other. The activity of rosette formation was determined
by the density of receptors: 3-5 - receptors with low
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density; 6-10 - receptors with medium density; rosettes
in the form of “morula” - receptors with high density.
The number of T-cells with predominantly suppressor
activity (TSA) was calculated by subtracting the num-
ber of theophylline-resistant T-cells (TR) from the total
number of T-lymphocytes. The immunoregulatory index
(IRI) was calculated as the ratio of theophylline-re-
sistant T cells to theophylline-sensitive T cells. Indica-
tors of phagocytosis of blood neutrophil granulocytes:
phagocytic activity (PA), phagocytic number (PN) and
phagocytic index (FI) were determined by the method
of V.S. Guestev 1950 (Luzyk et al., 2018).

In blood serum, the lysozyme activity (LASK) to the
daily culture of Micrococcus lysodeikticus (strain VKM-
109) was determined using the photonephelomet-
ric method, bactericidal activity (BASK) by a modified
method, and the content of circulating immune com-
plexes (CIC). All experimental animals were subjected
to the least amount of stress and pain during the exper-
iment. The blood sampling sites were treated with 70%
alcohol to prevent infections from entering the injec-
tion sites. During the research, the requirements of eth-
ical treatment of animals used in experimental stud-
ies were fully complied with (European convention for
the protection of..., 1986; ISO/IEC 17025:2005, 2006).

Statistical processing of the research results was per-
formed using the standard Statistica package in Micro-
soft Excel 2013,assessing the reliability of the indicators
(p<0,05; p<0,01; p<0,001) by the Student’s criterion.

RESULTS AND DISCUSSION

The results of the studies showed that feeding sows
during the last month of pregnancy and lactation with a
feed additive containing Saccharomyces cerevisiae yeast
and a complex of enzymes had a significant effect on
the activity of natural defence mechanisms (Table 1).In
all periods of research after the use of the feed additive,
the bactericidal and lysozyme activity of blood serum in
sows of the experimental group was higher than in the
control group. At the same time, the differences were
more pronounced in the study of such an integral in-
dicator of the humoral link of nonspecific resistance as
the bactericidal activity of blood serum. Thus, the SBA
in the blood of sows of the experimental group on the
112t day of farrowing and the 21t day of lactation was 3
(p<0.05) and 4.8% (p<0.01) higher, respectively, than in
the animals of the control group. In the study of serum
lysase activity, a significant increase (by 12%) in sows of
the experimental group compared to the control group
on the 112" day of pregnancy (p < 0.001) is noteworthy.

Table 1. Humoral factors of natural resistance in the blood of sows under the use of a feed additive (M*m,n=5)

Study period
Indicators Groups before application after application
85-day farrowing period 112-day farrowing period 21 days of lactation
LASK, C 34.20%1.50 30.00£1.05 34.40%1.63
D 37.60%0.93 42.00£0.95* 37.80+1.39
BASK, C 31.10+0.98 30.77£0.41 31.78+0.64
D 34.04+0.80 33.33+£(0.83" 36.35+1.17*
C 74.67+2.60 80.20+2.08 85.40%2.29
CIC, mmol/L
D 78.00+1.70 77.20%£1.39 75.40+3.57*

Note: differences are statistically significant to animals of the control group - *P<0.05,**P<0.01, ***P<0.001

Source: compiled by the authors

These data indicate a stimulating effect of the stud-
ied factors contained in the feed additive on the activi-
ty of humoral factors of nonspecific resistance. Instead,
the study of other natural defence factors, particularly
the content of circulating immune complexes, revealed
a significant decrease (by 11.7%) in the blood of sows
of the experimental group on the 21 day of lactation
(p < 0.05). The formation of immune complexes in the
body is the result of the specific interaction of antigens
with antibodies. A gradual increase of CIC in the blood
of sows of the control group was recorded with an in-
crease in the gestation period and during lactation. The
results of these studies indicate the inhibitory effect of
feed additive factors on the level of circulating immune
complexes in the blood of sows of the experimental
group. This is a positive factor for the body since an
increase in the content of CICs and their long-term
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circulation in the body of animals can lead to system-
ic or organ pathology, as indicated by V. Zhurenko et
al. (2021), C. Cacheiro-Llaguno et al. (2021).

According to the authors of A.Krogh (2019), the im-
mune system is a complex of organ and tissue defenc-
es that, together with other body systems, maintain a
specific homeostasis of the internal environment. This
function of the immune system is carried out through
the cooperative interaction of natural and specific de-
fence mechanisms. The last trimester of pregnancy in
sows, as noted by M. Ballester et al. (2023), is one of the
critical periods that significantly affects the state of the
immune system of their body, as well as the offspring.
Violation of the formation of the immune response
in the body of gestating sows leads to the produc-
tion of offspring with signs of congenital immunode-
ficiency. Given this, it is necessary to use appropriate




immunotropic agents, in particular in the form of feed
additives, to restore metabolic homeostasis and the im-
mune function of the animal body.

Similar results were observed in the determination
of humoral factors of natural defence in piglets born
from sows of the control and experimental groups
(Table 2). However, the differences were less pro-
nounced, especially concerning such indicators as se-
rum lysozyme activity and CIC content. There were only
trends towards an increase in lysosomal activity and a
decrease in the content of CIC in the blood serum of
piglets of the experimental group compared to the con-
trol group. At the same time, the use of the feed additive
had a significant effect on the bactericidal activity of
blood serum in the experimental group. Thus, as can be
seen from the data presented in Table 2, in all periods
of the study, the BASK in piglets of the experimental
group was higher compared to the control group. At the
same time, the differences were significant at 14 and
28 days of age (p <0.05). Thus, feeding piglets of the
experimental group with a pre-starter feed of Saccha-
romyces cerevisiae yeast and a complex of enzymes has
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an activating effect on such an integral indicator of nat-
ural resistance as the bactericidal activity of blood se-
rum. This is positive given that the studies by E. HeuR et
al. (2019) confirm that the synthesis of humoral immu-
nity factors in piglets increases in the early stages of
their development, especially by the age of two months.
A gradual increase in LAC in piglets with age was also
recorded compared to the values of this indicator in
newborns. In monogastric animals, the mechanism of
action of Saccharomyces cerevisiae yeast is explained
by the fact that its addition to the diet stimulates the
formation of disaccharides on cell membranes, with a
non-adhesive effect against pathogens, activation of
nonspecific defence, weakening of toxins, and an an-
thoganistic effect against pathogens. The competition
between yeast and pathogens for binding to intestinal
cells may explain the positive effects of yeast, from ad-
hesion to cytopathogenic effects on cells. M. Tintoré et
al. (2023) confirmed that the constant presence of the
active serotype of Saccharomices cerevisiae in the piglet
digestive tract has an immunostimulatory effect and
can protect piglets against immunological challenges.

Table 2. Humoral factors of natural resistance of young piglets with the use of feed additive (M*m,n=5)

Study period
Indicators Groups before application after application
5 days after birth 14 days after birth 28 days after birth
LASK, C 38.67+0.88 34.20%£1.49 41.0+0.71
D 41.00+2.08 37.6+0.93 42.60+0.51
BASK C 28.71+0.78 28.81+0.48 29.5+0.28
’ D 32.08%£1.53 32.60+1.36* 33.66*1.56"
C 72.67%2.03 66.20%£4.45 68.60+2.99
CIC, mmol/L
D 70.67%2.03 62.8+2.56 67.0+1.58

Note: differences are statistically significant concerning animals of the control group - *P<0.05, **P<0.01, ***P<0.001

Source: compiled by the authors

To objectively assess the level of natural and adap-
tive immunity in animals, it is known that first-and sec-
ond-level tests should be used. Given this, the authors
of the study determined the cellular factors of specific
immunity. The functional basis of the animal immune
system is immunocompetent blood cells - lympho-
cytes. They are carriers of immunological memory and
precursors of antibody-forming cells. Researchers such
as H. Sun et al. (2022) believe that immunity decreases
during pregnancy because the natural mechanism of
its suppression, namely cellular immunity, is activated
during this period. The gestational period is considered
a biological model of the process of periodic or per-
manent immunisation of a pregnant female with au-
toantigens. The normal course of pregnancy is primarily
associated with the immune recognition of semihalo-
genated foetal and placental antigens by the mother’s
immunocompetent cells. The mother’s T-lymphocytes
recognise foetal antigens. This antigen-specificimmune
response to paternal antigens leads to the proliferation

and accumulation of individual T-cell clones. In many
studies of T lymphocyte subpopulations conducted by
M. Ballester et al. (2023), a significant decrease in the
number of T helper and T suppressor cells was found
with an increased value of the T suppressor/T helper ra-
tio. T-cell function, as assessed by their colony-forming
activity and proliferative response to antigen stimula-
tion, decreases. The B-cell response and immunoglobu-
Llin production were also found to be suppressed, with a
decrease in the total number of B-lymphocytes.

H. Struemper et al. (2022) found an increase in
B-lymphocyte function accompanied by an increase
in serum immunoglobulin levels. According to K. Rio-
Aige et al. (2021), immunoglobulins in pregnant fe-
males transfer from the blood to the mammary gland
shortly before delivery and can reach a concentration
there ten times higher than their blood level. In these
conditions, as a result of a decrease in the effector and
helper functions of T cells, the risk of developing infec-
tions and malignant tumours increases, and a violation
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of the suppressor function of T lymphocytes leads to
the appearance of “forbidden” lymphocytes clones, loss
of autotolerance and the development of autoimmune
diseases. The mechanisms for maintaining the body’s
immune homeostasis formed in the course of evolu-
tion are often unable to perform their functions, which
leads to the emergence of immune pathology, mostly
immunodeficiency. Therefore, it is advisable to use im-
munostimulating drugs during pregnancy to increase
the overall resistance of the animal body.
Determination of the quantitative composition of
T- and B-lymphocytes in the blood of sows and piglets
born from them was carried out to assess the level of
specific immunity. The data in Table 3 show that the
number of T-cells and their populations in the blood of
sows of the control group did not change significantly

during all physiological periods of the study. Instead,
some statistical changes were recorded in the blood
of sows of the experimental group, which were fed a
feed additive in addition to standard feed. In particu-
lar, the total number of TE-RUL in the blood of sows of
the experimental group on the 112% day of pregnancy
and on the 21t day of lactation was 3.6 (p<0.01) and
4.2% (p<0.001) higher, respectively, than in the control
group. At the same time, the increase in the total num-
ber of T-lymphocytes in the blood of sows of the exper-
imental group during the indicated periods of research
occurred against the background of a probable increase
in low-avid TE-RUL and a decrease in functionally inac-
tive cells. Differences in other populations of TE-RULs
in the blood of sows of the experimental group com-
pared to the control group were not significant.

Table 3. The number of T-cell lymphocytes in the blood of sows with the use of feed additive, (M*m, n=15)

Study period
Indicators G;:i"::: :lgf before application after application
85-day farrowing period 112-day farrowing period 21 day lactation
TE-RUL,0 C 59.00+1.04 58.60+0.87 58.4%0.50
D 57.40+0.50 55.00+0.44* 54.2+0.37**
3.8 C 35.80+1.15 36.40+0.81 37.4%0.67
D 36.80+1.01 39.60+0.92* 41.0£0.70*
6-10 C 3.60%0.24 3.60%0.24 3.00+0.31
D 3.80%0.37 4.00+0.32 3.80%0.37
M C 1.60+0.40 1.40%0.24 1.20+0.2
D 2.00+0.44 1.40%0.24 1.00+0.44
% C 41.00+1.04 41.4+0.87 41.60%0.50
D 44.60%0.50 45.0+0.44* 45.80+0.37***

Note: TE-RUL - total T-lymphocytes, *P<0.05, **P<0.01, **P<0.001

Source: compiled by the authors

Similar changes, but expressed to a lesser extent,
were noted in the study of T-active lymphocytes in the
blood of sows of the experimental group under the in-
fluence of the feed additive (Table 4). Thus, on the 112"
day of pregnancy and the 21 day of lactation, a sig-
nificantly higher total number of T-active lymphocytes
was found in the blood of sows of the experimental
group compared to the control group. The increase in
the number of TA-RUL in the blood of sows of the ex-
perimental group was accompanied by a simultaneous

increase in the proportion of T-active lymphocytes with
low avidity and a decrease in inactive TA-RUL (p <0.05;
p<0.01). These data indicate a stimulating effect of the
studied feed additive on the number of total and ac-
tive T-lymphocytes in the blood. At the same time, an
increase in the number of low-avidity TE-RUL was re-
corded in the blood of sows of the experimental group,
indicating the activating effect of the factors contained
in the additive on the functional state of the receptor
apparatus of immunocompetent cells.

Table 4. The number of T-active lymphocytes in the blood of sows with the use of feed additive, (M*m, n=15)

Study period
Indicators Gro'u ps of before application after application
animals
85-day farrowing period 112-day farrowing period 21 daylactation
C 76.60+0.92 76.20+0.86 75.20+0.37
TA-RUL, 0
D 74.20+0.58 73.6%0.40" 72.80+0.37*
5.5 C 17.20+1.11 19.60+0.74 19.60%0.67
D 19.20£0.73 21.20+0.48 21.600.64
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Table 4. Continued

Study period
Indicators G;g;’n::l:f before application after application
85-day farrowing period 112-day farrowing period 21 daylactation

6-10 C 5.20%0.58 3.20%0.37 4.80%0.66

D 5.80%0.58 4.20%0.37 4.40%0.50

C 1.00£0.31 1.00£0.31 0.40£0.24

M D 0.8+0.37 1.00£0.31 1.20£0.20

% C 23.40+0.92 23.80+0.86 24.80%0.37
D 25.80+0.58 26.40%0.40" 27.20+0.37*

Note: TA-lymphocytes - total T-lymphocytes, *P<0.05, **P<0.01, ***P< 0.001

Source: authors’ development

In the study of individual regulatory subpopula-
tions of T-lymphocytes in the blood of sows under the
influence of the feed additive, similar changes were
also obtained (Table 5). A significant increase in the
total number of theophylline-resistant T-lymphocytes
in the blood of sows of the experimental group was
recorded, especially on the 21 day of lactation. At the
same time, on the 112% day of farrowing in the blood
of sows of this group, a significantly higher number of
Th-RUL with medium receptor density was found, and
on the 21 day of lactation - low avidity, against the
background of a decrease in the proportion of inactive

forms. Under the influence of the studied feed additive,
a tendency to increase the number of theophylline-sen-
sitive subpopulations of T-lymphocytes was revealed.
These changes in the number of T-lymphocytes in the
blood of sows of the experimental group led to an in-
crease in the immunoregulatory index, which charac-
terises the ratio of T-helper to T-suppressor, but the
differences were not significant. At the same time, the
results of these studies indicate the activating effect
of feed additive factors on the receptor apparatus of
T lymphocytes by redistributing avidity and expanding
the receptor field of immunocompetent cells.

Table 5. The amount of T-helper and T-suppressor in the blood of sows with the use of feed additive, (M£m, n=5)

Study period
Indicators G;:il::: :l:f before application after application
85-day farrowing period 112-day farrowing period 21+ day lactation
C 76.40+0.58 76.4%0.50 75.00+0.54
Th-RUL,0 D 76.20%0.86 73.6+0.50* 72.00+0.54*
3.5 C 20.00+0.54 19.8+£1.01 21.2+£0.48
D 22.60%1.20 21.0+0.70 24.80+0.86™
6-10 C 2.60+0.24 3.0+0.31 2.00.31
D 3.00+0.31 4.4£0.24" 2.2+0.37
M C 0.60+0.24 0.80+0.37 1.00+0.32
D 0.60%0.40 1.00£0.32 1.00£0.32
% C 23.20+0.58 23.60%0.50 24.2+0.37
D 24.20+0.86 26.400.50*" 28.0£0.54™*
T-suppressors C 17.60+1.03 17.60£1.40 16.80+0.58
D 2040173 18.00+0.77 18.60+1.24
IR| C 1.34£0.098 1.38+0.144 1.44+0.06
D 1.40+0.600 1.47+0.058 1.50+0.01

Note: Th-RUL, IRl - immunoregulatory index; *P<0.05, **P<0.01, **P<0.001

Source: compiled by the authors

The study of the number of B-lymphocytes (EAC-
RUL) and the determination of their functional activity
characterises the level of the humoral link of immunity.
The analysis of the data in Table 6 shows that the use of
a feed additive in sows during pregnancy and lactation
had a similar effect on the number of B lymphocytes and
their functional state as in the study of T lymphocytes
and their regulatory populations. However, these chang-
es were more pronounced. In particular, the number

of B-lymphocytes in the blood of sows on the 112
day of farrowing and the 21t day of lactation was 4.6
(p<0.001) and 5.2% (p<0.001) higher, respectively, than
in the control group. Regarding the degree of differenti-
ation of this cell population,anincrease in the number of
low avid B-lymphocytes (p<0.01-0.001) and a decrease
in undifferentiated cells (p < 0.001) were observed in
the blood of sows of the experimental group com-
pared to their number in animals of the control group.
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Table 6. The number of B-lymphocytes in the blood of sows with the use of feed additive, (M*m,n=5)

Study period
Indicators Gar:il::: :l:f before application after application
85-day farrowing period 112-day farrowing period 21+ day lactation
C 59.60+0.50 59.20+0.37 59.00+0.31
EAC-RUL, 0
D 59.00+0.44 54.60+0.24* 53.80+0.37***
3.5 C 28.60+0.67 31.70+0.96 31.60%0.50
D 30.00+0.84 36.60+0.67* 37.60+0.92"**
6-10 C 7.60%0.40 6.20+0.37 7.40%0.50
D 740%0.50 6.60%0.50 6.60%0.50
M C 4.20£0.37 2.80+0.58 2.000.31
D 3.60%2.24 2.20%0.37 2.000+0.31
% C 40.40%0.51 40.80%0.37 41.0+0.31
D 41.00+0.44 45.40+0.24" 46.20%0.37***

Note: EAC-RUL - B lymphocytes, *P<0.05, P < 0.01, **P< 0.001

Source: compiled by the authors

Thus, the positive effect of the studied factors con-
tained in the feed additive on the state of B-cell im-
munity in sows in different physiological periods was
established. In particular, their stimulatory effect on the
number of B lymphocytes and their functional activity
was established. According to P. Han et al. (2024), an
increase in the number of B-lymphocytes in the blood
of sows during periods of low immune potential of their
body is a positive phenomenon, as these immunocom-
petent cells largely provide humoral immunity by syn-
thesising specific antibodies (immunoglobulins) and
also affect the activity of some populations of T-lym-
phocytes in cellular immunity reactions.

When determining the state of T-and B-cell links of
specific defence in the blood of piglets obtained from
sows of the control and experimental groups, a similar

pattern of changes in the quantitative and functional
state of immunocompetent cells was revealed, especial-
ly at 14 and 28 days of age (Table 7). The results of the
studies showed that the total number of T-lymphocytes
and their regulatory populations in the blood of piglets
of the experimental group at 5 days of age did not dif-
fer significantly from the control group, indicating that
there was no significant effect of feed additive factors
on the formation of the cellular link of transcolostral
immunity in sows and the state of the T- and B-cell
immunity of piglets. Instead, in the blood of piglets of
the experimental group at 14 and 28 days of age, the
number of TE-RULL was significantly higher than in the
control group. At the same time, a significantly higher
number of low-avidity and a lower number of inactive
T-ROOL were recorded during these periods of research.

Table 7. The amount of TE-RUL in the blood of piglets with the use of feed additive, (M*m, n=15)

Study period
Indicators ofGar:iurr’::ls before application after application
5 days after birth 14 days after birth 28 days after birth

TE-RUL.0 C 69.33+0.33 69.20£0.37 69.0+0.44
D 68.33+0.89 73.60%2.11 66.8+0.73"
3.5 C 26.0£0.57 26.60+0.25 27.0+0.54
D 27.33+0.33 28.60+0.67* 28.8+0.37*
6-10 C 3.33+0.33 2.80%0.20 3.00%0.31
D 2.66%0.33 2.60+0.40 2.8+0.37
M C 1.33+0.33 1.40%0.24 1.00+0.31
D 1.66+0.33 1.20%£0.20 1.20+0.20
% C 30.66+0.33 30.80+0.37 31.0£0.44
D 31.66+0.88 32.40+0.50" 32.8+0.37*

Note: TE-RUL - total T-lymphocytes, *P<0.05, **P<0.01, ***P< 0.001

Source: compiled by the authors
A similar pattern of changes, but expressed to a

lesser extent, was recorded when determining the
number of T-active lymphocytes in the blood of piglets
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(Table 8). It should be noted that at 5 and 14 days of
age, only trends in these changes were detected in the
blood of piglets of the experimental group. At the same




time, at 28 days of age, a significant increase in the
number of T-active lymphocytes was recorded in the
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blood of piglets of this group against the background
of a decrease in inactive TA-RUL.

Table 8. The number of TA-RUL in the blood of piglets with the use of feed additive, (M*m,n=5)

Study period
Indicators Grqu ps before application after application
of animals
5 days after birth 14 days after birth 28 days after birth

C 79.33%0.66 78.6+0.60 78.0+0.70
TA-RUL,O D 79.0£0.15 774%0.50 75.6*0.74"
3.5 C 15.33+£1.33 17.8+0.86 17.8+0.86
D 16.2%£0.73 19.2+0.66 19.4£0.67
6-10 C 4.33+0.57 3.0£0.54 3.6%£0.24
D 4.0+0.57 2.6%£0.24 4.0+0.25
M C 1.0£0.0 0.60£0.24 0.60%0.24
D 0.66+0.33 0.80+0.20 1.00£0.31
% C 20.66%0.66 21.4+0.50 22.0+0.70
D 21.0%£1.15 22.6%0.50 24.4+0.78"

Note: TA-RUL - total T-lymphocytes, *P<0.05, **P<0.01, ***P<0.001

Source: compiled by the authors

In the study of other subpopulations of T-lympho-
cytes (theophylline-resistant and theophylline-sensi-
tive) in the blood of piglets under the influence of the
feed additive, the differences concerning the animals
of the control group were less pronounced (Table 9).
At the same time, a greater number of T-helper cells
and their low-avid forms in the blood of piglets of the

experimental group at all periods of the study, and es-
pecially at 28 days of age, is noteworthy, but the dif-
ferences concerning the control group were not signif-
icant. At all periods of the study, the IRI in the blood of
piglets of the experimental group was higher than in
the control group, indicating an increase in lymphocytic
activity, but the differences were not significant.

Table 9. The number of T-helper and T-suppressor cells in piglet blood after feed additive application, (M*m,n=5)

Study period
. Groups P P
Indicators . before application after application
of animals
5 days after birth 14 days after birth 28 days after birth
C 78.66+0.88 78.6+1.28 78.4%0.97
T-helper, 0

D 77.0£0.57 76.4%0.81 76.0%£0.70
3.5 C 18.66+0.33 19.0£1.04 17.6+0.87
D 20.0+1.52 20.8+1.01 20.2+0.96
6-10 C 2.33£0.33 2.2+0.24 34+0.24
D 2.66%0.66 2.4+0.24 3.2£0.37
M C 0.33+0.33 0.20%£0.20 0.60+0.24
D 0.33+0.33 0.40%0.24 0.60£0.24
% C 21.33+0.88 21.4+1.28 21.6+0.97
’ D 23.0£0.57 23.6%0.81 24.0£0.70
TSUDDIeSSOrs C 9.33+0.88 9.4+0.24 9.0+0.94
PPIESSOrs, D 8.66%1.2 9.8+0.58 840,67
RI C 2.13£0.04 2.28%0.17 2.50£0.27
D 1.83+£0.41 2.43+0.12 2.93%0.20

Note: Th-RUL, IRl - immunoregulatory index; *P<0.05,**P<0.01, **P<0.001

Source: compiled by the authors

Table 10 shows the data on the determination of
the number and functional activity of antigen-inde-
pendent B-lymphocytes in the blood of piglets. The
analysis of the study results showed that the investigat-
ed feed additive caused similar changes in the number
of B-lymphocytes in the blood of early-age piglets as
were found in the determination of other populations

of immunocompetent cells. However, these changes
were more pronounced in the blood of piglets before
weaning at 28 days of age. A significantly higher num-
ber of B-lymphocytes and their high-avidity forms and
a lower number of functionally inactive EAC-RUL were
recorded in the blood of piglets of the experimental
group compared to the control group (p<0.05).
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Table 10. The amount of EAC-RUL in the blood of piglets with the use of feed additives, (M*m,n=5)

Study period
Indicators ofGar:il::: :ls before application after application
5 days after birth 14 days after birth 28 days after birth

C 63.66+0.66 63.6+0.50 63.0£0.31
EACG-RUL, 0 D 62.0£0.57 62.2%+0.58 61.8+£0.37*
3.5 C 28.66+0.88 27.2+1.06 27.4%0.40
D 30.66=0.66 29.8%£0.73 27.6%0.67
6-10 C 5.33%0.33 5.8+0.73 6.0+0.44
D 5.0%0.57 4.6+0.24 6.40.67
M C 2.33+0.33 3.6*0.50 3.6x0.24
D 1.66+0.33 34%0.24 4.4+0.24"
% C 36.63%0.66 36.4+0.50 370%+0.31
D 37.33%£0.33 37.8+0.58 38.2+0.37*

Note: EAC-RUL - B lymphocytes, *P<0.05, P < 0.01, **P< 0.001

Source: compiled by the authors

These data indicate the activating effect of the feed
additive factors on the humoral defence factors of the
piglet organism in critical periods of postnatal devel-
opment. The increase in the number of B-lymphocytes
in the blood of piglets under the influence of the inves-
tigated feed additive at 28 days of age (before weaning)
is positive, given that these immunocompetent cells, as
noted above, largely provide humoral immunity by syn-
thesising specific antibodies (immunoglobulins), and
also affect the activity of some populations of T-lym-
phocytes in cellular immunity reactions. In general, the
research results showed that the use of the EnzActive
Mix feed additive in sow feed during pregnancy and
lactation, as well as in piglets at an early age, has a
positive effect on the immune function of the moth-
er and offspring. This is especially important in sows
in the last period of pregnancy under conditions of
physiological immunosuppression and the formation
of transcolostral protective factors. It is equally im-
portant for piglets, especially during critical periods of
postnatal development. After all, intensive piglet-rear-
ing technologies that involve early weaning of piglets
from sows and exposure to various stress factors lead
to the depletion of the body’s immune and antioxidant
potential and the development of immunodeficiency. It
is also known that intensive livestock production tech-
nology involves not only the creation of a stable feed
base but also the preservation of health and increased
productivity of farm animals.

The quality of the raw materials used to make com-
pound feed significantly impacts metabolic processes
in sows during pregnancy and lactation. Poor quality
grain and protein groups cause an increase in the lev-
el of free radicals and peroxide in the body of sows,
which subsequently leads to a violation of metabolic
homeostasis, reduced productivity and the occurrence
of diseases. A significant number of enzymes is used
to improve digestion and nutrient absorption of feed.
According to A. Maggiolino et al. (2023), and T. Prudu-
ys (2023), the use of enzyme additives significantly
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increases the efficiency of feed nutrient absorption
and has a positive effect on piglet growth and viability.
The study has demonstrated that enzyme supplements
also reduce stress levels in sows during lactation. At
the same time, H. Zhai et al. (2021) proved that the in-
clusion of phytase in the diet of sows improves the ab-
sorption of minerals such as calcium and phosphorus
during the farrowing period. This has a positive effect
on the formation of the foetal bone system and contrib-
utes to the weight gain of newborn piglets. Reducing
the level of inflammation in the intestine and reducing
stress levels is due to the action of the enzyme B-glu-
canase, which breaks down B-glucans in fibre feed. Ac-
cording to Zh. Li et al. (2021), this enzymatic action also
affects the body’s immune and antioxidant potential,
probably through better nutrient absorption and intes-
tinal health. An important role in this is played by mi-
croorganismes, representatives of the natural microflora
of the gastrointestinal tract, which, through their ac-
tive life, participate in the digestive process, counteract
the development of many pathogens, and increase the
body’s nonspecific resistance. Probiotic preparations are
developed and manufactured on their basis.

The results of the current study obtained in this
experiment are consistent with the previous study by
Ya. Kovalchuk et al. (2009), where the effect of 1 and
2% Saccharomyces cerevisiae yeast on the state of nat-
ural and adaptive immunity in early-age piglets and at
weaning, as well as the literature on these issues (liter-
ature). The results of these studies indicate a stimulat-
ing effect of the supplementation factors on the natural
mechanisms of nonspecific resistance of sows and off-
spring,such as serum lysozyme and bactericidal activity.
This can be explained by the additive effect of biolog-
ically active substances contained in the supplement.
Mannans and D-glucans have been isolated from the
cell wall of the yeast Saccharomices cerevisiae, which ex-
hibits immunomodulatory, radioprotective, antitumour
and other properties. Recent studies demonstrated that
the use of yeast as a probiotic in animal feeding has




immunomodulatory properties. E. De Marco Castro et
al. (2021) are convinced that these substances can block
the attachment of pathogens to the intestinal mucosa.
They may also have a versatile mechanism of action on
cytokine synthesis, which makes it possible to influence
immunological processes by directing their action in
the Th-1 or Th-2 type. The anti-inflammatory effect of
probiotics is especially relevant in diseases associated
with mucosal integrity disorders, which is important for
piglets in the early postnatal period of development.

S. Ogawa et al. (2016) demonstrated that in piglets
before colostrum intake, serum immunoglobulins are
absent, and their content increases dramatically due to
intestinal adsorption with maternal colostrum during
the first 24-36 hours of life. According to N. Martin-
ez-Boixaderas et al. (2022), and D. Masiuk et al. (2023),
in newborn piglets, cellular immunity factors are more
pronounced than humoral ones in the early stages of
development. This is evidenced by the appearance of
a blast transformation reaction with allogeneic lym-
phocytes and phytohaemagglutinin, cell transplant re-
jection, synthesis of class M immunoglobulins, and the
phenomenon of spontaneous rosette formation. How-
ever, the functional activity of cellular defence factors
in this age group is also low. P.Han et al. (2024) noted a
low level of cellular immunity in the blood of piglets up
to 30 days of age, in particular, a significant number of
undifferentiated and low-differentiated T-lymphocytes,
a small number of T-active lymphocytes, B-lymphocytes
and the concentration of certain classes of immunoglob-
ulins, low functional activity of neutrophil granulocytes.
In piglets, the differentiation of the T and B immune
systems in the peripheral lymphoid organs is mainly
completed by day 30 of development. At the same time,
T cells bearing receptors characteristic of T helper cells
make up almost 60%,and only 12-18% are T suppressors.

C.Velez et al. (2024) confirmed that piglets’immuni-
ty has several critical aspects, such as before colostrum
consumption and from 15 to 28 days of life. During
these periods, active immunity is at its lowest levels,
and passive immunity is already being lost, which lasts
for 4-6 weeks with sufficient colostrum consumption.
This is because maternal immunoglobulins derived
from colostrum begin to lose their effectiveness, and
the production of their immunoglobulins is very low
and increases over 7-14 days. Research results and
analysis of the scientific literature show that yeast-con-
taining probiotics are effective. This makes it possible
to consider them as immunomodulatory drugs, the
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mechanism of action of which is mainly implemented
through the mucous membrane of the digestive tract.

CONCLUSIONS

Feeding sows with the studied feed additive during pe-
riods of low immune potential of their body (in the last
trimester of pregnancy and lactation), caused a stimulat-
ing effect on the activity of natural mechanisms of the
humoral link of nonspecific resistance of the body. This
is evidenced by the higher bactericidal and lysozyme
activity of sow blood serum during pregnancy and lacta-
tion (p<0.05-0.001). At the same time, on the 215t day of
lactation, a lower content of circulating immune com-
plexes was recorded in the blood of sows of this group
(p<0.05),indicating a decrease in the antigenic load on
the animal body. In piglets born from these sows un-
der the influence of the specified feed additive, similar
changes in natural defence factors were observed but
expressed to a lesser extent. A higher BASK (p < 0.05)
and a lower CIC content (p < 0.05) were recorded.

The activating effect of the feed additive on the
state of adaptive immunity, in particular cellular de-
fence factors in sows and their piglets, was established.
This is indicated by a higher number of T-lymphocytes
(total, active and theophylline-resistant) and B-lym-
phocytes (p < 0.05-0.001) and their higher functional
activity. These changes in the blood of sows and pig-
lets were due to the redistribution of the receptor ap-
paratus of immunocompetent cells - an increase in the
number of T- and B-lymphocytes with low and medium
receptor density and a decrease in functionally inac-
tive cells (p<0.05-0.001). Prospects for further research
are to study the effect of Saccharomyces cerevisiae and
a complex of enzymes on the antioxidant function of
sows and their offspring.
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The state of T- and B-cell links of specific immunity...
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rymMopasibHuUx ¢paKTopiB NPUPOAHOro 3aXMcTy CBMHOMATOK Ta iX nopocaTt
3a BMJIMBY KOMIJIEKCY APDKMKIB Saccharomyces cerevisiae Ta pepMeHTiB
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AHoTauif. He3pinicTb iMyHHOI CMCTEMU HOBOHAPOXEHWUX MOPOCST MPU3BOAMTb A0 3HAYHUX iX BTPAT Y NOCTHATANbHUIA
nepiog Ta MOBHICTIO 3aneXMTb Bif, MAaTEPUHCbKOrO OpraHiaMy, ocob6/MBO B OCTaHHi/ Mepiog MOPOCHOCTI, WO
3yMOBJ/IEHO MOCUJIEHHAM MeTaboniuyHMx npouecis i disionoriyHow iMyHocynpecieto. Meta poboTu - BU3HAYUTK
aKTUBHICTb MPUPOAHMX M afanTUBHMX (AKTOPIB 3aXMUCTY Y CBMHOMATOK Ta HApOOXEHWX Bif HMX NOPOCAT 3a
BMJIMBY KOPMOBOI [,00aBKM, WO MiCTUTb ApiXAXI Saccharomyces cerevisiae Ta depMeHTU. Pe3ynbTaT [OCNIAXKEHb
nokasanu, Lo 3rofoBYBaHHS CBMHOMATKAM Yy nepiog NOPOCHOCTI i nakTauii, a TakoX MopocaTtam y nepiog Ao
BiAJTy4EeHHS KOPMOBOi 4063BKM NO3UTUBHO BMJIMBANO HA iIMYHHY YHKLi0 OpraHiaMy mMatepi Ta npunaoay. 3okpema
3a [ii BKa3aHWX YMHHMKIB OBABKM KOHCTaTOBAHO aKTMBYHUMIA BMIMB HA MPUPOLHI MEXAHI3MW F'yMOpPasIbHOI NIaHKK
HecneumndivyHoi pe3nCTeHTHOCTI OpraHiaMy, 0cobanBo y cBMHOMATOK. [Mpo wo cBigyath Bua GakTepuuuaHa i
Ni30UMMHA aKTUBHICTb CMPOBATKM KPOBi CBMHOMATOK Y nepioa nopocHocTi i naktauii (p < 0,05-0,001) Ta MeHwWwui
BMICT UMPKYNOYMX iMyHHMX koMnnekciB (p < 0,05), wo BKa3ye Ha 3MEHLIEHHS aHTUreHHOro HaBAHTAXEHHS Ha
opraHi3M MaTepi, 0co611BO y nepiof iMyHocynpecii. [loaibHi 3MiHK, TINbKKM BUPaXXeHi MeHLIOK Mipoto, 3aiKCOBaHO y
nopocs, BusisneHo Buly BACK (p<0,05) Ta MeHwwui Bmict LLIK (p<0,05). 3rogoByBaHHS CBUHOMATKaM Ta NopocsTaMm
OpDKAXKIB Ta GepMeHTIB Yy Nepioan HU3bKOro iIMyHHOrO MOTeHLiany iX OpraHisMy CNpUYMHUAO aKTUBYIOUMUIA BNIMB
Ha CTaH aganTMBHOIO IMYHITETY, 30KpeMa KNiTUHHUX PaKTopiB cneundiyHOro 3axmcTy opraHismy. lpo wo ceigyats
30iNblEHHS Y KPOBi KinbkoCTi T-niMQOUMTIB (3aranbHUX, aKTUBHUX i TeOdiniH-pe3ncTeHTHUX) i B-nimbouuTis
(p<0,05-0,001) Ta niaBULLEHHS iX PYHKLIOHANBbHOT aKTUBHOCTI 3@ paXyHOK Mepepo3nojiny peLenTopHoro anapaTy
iMYHOKOMMNETEHTHUX KNITUH — 30inblleHHs KinbkocTi T- i B-niMbouMTIB 3 HM3bKOK | CEpeaHbO LLIIbHICTIO
peLenTopiB Ta 3MeHLWeHHs HegudepeHLUiMoBaHMX Yy QYHKLiOHaNbHOMY BigHowWweHHS KnitnH (p<0,05-0,001). Takum
UYMHOM KOHCTATOBAHO aKTUBYHUMI BMIMB AOCNIAKYBAHUX YMHHMKIB KOPMOBOI 000aBKM Ha CTaH MPUPOLHMX i
afanTuBHMX aKTOpiB 3aXMCTy B OPraHi3Mi CBMHOMATOK Ta iX NpMNAoAy, Lo NO3UTUBHO BNAMBAE Ha HOPMYBAHHSA
iMyHHOT BiANOBIAI y Nepiofn HU3bKOro iIMYHHOro NOTeHLiany ix opraHiamy

Kniouosi cnoBa: nopocsita; Apixaxi Saccharomyces cerevisiae; npobiotuku; T- i B-nimbounTtn; iMyHONOrivHi
[OCNIAKEHHS
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