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Abstract. In Ukraine, as in every country in the world, an important task is to develop an effective
development strategy for producing natural dairy products through probiotics. Feeding PFA
to animals shows different effectiveness depending on their age, the intestinal microbiome's
characteristics, the feed diet's composition and production technology. The purpose of the study
was to identify the most effective period of application of PFA “Immunobacterin-D" and to select a
yeast culture to increase the milk productivity of cows. The effectiveness of PFA was evaluated by
the amount of milk produced, and its quality — by using an Ecomilk ultrasound analyser. The health
status of cows was monitored based on the results of a spectrophotometric study of biochemical
parameters of blood serum on a LabLine-010 biochemical analyser (Austria). As a result, it was
determined that the optimal period of application of PFA is 30-60 days after calving. On the 13"
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day of PFA feeding, milk yields in cows of the experimental group increased by 1.2-2.5 L/day. The
difference in the amount of milk produced between the animals of the experimental and control
groups was 0.7-1.9 L/day. From 70 days after calving, the use of PFA in cows did not cause changes
in the volume of milk yield but contributed to an increase in its fat content. By feeding cows of the
experimental strain for 21 days S. cerevisiae as part of the PFA, the maximum increase in milk yield
was obtained - by 2.13 L, and milk fat — by 0.45%. Whereas the use of PFA with a conventional strain
S. cerevisiae AF 338 contributed to an increase in milk yield by 1.73 L, and in the control group of cows
only by 1.30 L. According to the results of biochemical studies of blood serum, the positive effect
of PFA “Immunobacterin-D” on the health status of cows was proved. PFA can be recommended
for feeding cows in production, which will help increase milk yield and improve their health

Keywords: dairy cattle breeding; yeast; Bacillus subtilis; Bacillus licheniformis; Saccharomyces

cerevisiae

Introduction

The United Nations has joined the food secu-
rity programme to fight hunger in the world.
The national approach to the transformation
of food systems in Ukraine provides for three
areas of action: “Healthy food for all”, “Envi-
ronmentally friendly production”, “Resistance
to market instability and availability of food
products for all” (Koval, 2021).

Livestock products ensure the well-being
of the population and more and more consum-
ers want to increase the composition of dairy
products in the diet to improve health. Due to
military operations and the deterioration of the
economic situation, Ukrainians consume 50-
60% less dairy products (Koval, 2021).

Every country in the world, including
Ukraine faces a difficult task — to create an ef-
fective strategy for developing the production
of natural dairy products against the back-
ground of reducing greenhouse gas emissions
per unit of production and improving resource
efficiency (Mingmongkolchai & Panbangred,
2018; Hovhera, 2022). In dairy cattle breeding,
this goal can be achieved by applying probiot-
ics (Edmond, 2019). The sufficient effectiveness
of the use of probiotics for various animal spe-
cies has been proven. However, ruminants have
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their own characteristics in the anatomical
structure and physiology of digestion (Tishkova
& Krasinko, 2018).

The profitability of the dairy industry of
animal husbandry depends on many factors,
the main one of which is providing animals with
high-quality feeding. This is not only about the
quantitative and qualitative supply of feed to
animals but also the ability to digest and assim-
ilate feed with maximum efficiency in terms of
growth, development and increase in milk pro-
duction. The difficulty of digestion of ruminants
lies in the duration of digestion of various types
of feed (hay, silage, concentrated feed) (Tish-
kova & Krasinko, 2018), and for comparison,
digestibility (%) and duration of breakdown (h)
can be provided, respectively: molasses - 95
and 0.5; grains of cereals — 80 and 12-14; quali-
ty grass — 70 and 18-24; quality clover — 70 and
12-18; hay - 55 and 30-40, and straw — 40 and
45-55. The solution to this issue is facilitated by
the use of probiotic feed additives to animals,
which are formed from cultures of endogenous
or exogenous microflora and have different
effectiveness depending on the age of the an-
imals, the growing period, the diet, production
technology, and the genetic inheritance of the
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body, which determines the intestinal microbi-
ome (Ban & Guan, 2021). Given the list of ex-
posure factors, probiotic feed additives include
various types of microorganisms. The main fo-
cus of the study was on probiotic feed additives
(PFA) based on bacteria of the Bacillus genus
since the spore form of bacteria ensures good
preservation and reproduction in the digestive
canal of ruminants, and Saccharomyces cerevi-
siae yeast have a positive effect on digestion in
the pancreas and contribute to the preserva-
tion of spore microflora by consuming oxygen.

Combination of the Bacillus subtilis, Bacil-
lus licheniformis and Saccharomyces cerevisiae
complex is used to increase the survival rate of
these bacterial cultures due to the respirato-
ry activity of yeast, which protects anaerobic
bacteria from the effects of oxygen (Newbold
et al., 2007). This is because the pre-pancre-
as and intestines of ruminants have their own
microbiota with a numerical predominance of
bacteria (1 litre of rumen fluid contains 10
bacteria) and for each newly introduced bac-
terium there are 1 million well-adapted ones —
rumen (Lemishevckyi, 2021), that is, probiotic
feed additives in rumen digestion are assigned
only a corrective role. The most rational ap-
plication is a short-term course (Lytvynenko &
Yukhymchuk, 2021), which ensures reproduc-
tion and the right concentration of probiotic
cultures to correct the gut microbiome dur-
ing critical or stressful periods of animal life.
Short-term use of exogenous microorganisms
prevents dysbiosis in emaciated animals and
contributes to the improvement of the intes-
tinal tract due to antagonism to pathogenic
Salmonella and Escherichia coli (Brewer et al.,
2014; Xiao et al., 2016), reducing inflammato-
ry processes in the intestines and showing an
antitoxic effect to feed toxins (Zhu et al., 2017;
Sammes, 2022).

Global recognition of sustainable ruminant
breeding through the addition of probiotics will

undoubtedly ensure food security and quality
food production around the world (Reuben et
al., 2022).

The purpose of the study is to identify the
most effective period of short-term use of the
probiotic feed additive “Immunobacterin-D”
(contains B. subtili, B. licheniformis, S. cerevisiae)
to maintain health and increase the milk pro-
ductivity of cows.

The primary task was to determine the
most effective period of application of the
feed additive from the beginning of lactation
of cows, that is, during the milking period, in
which the cow’s productivity is laid during the
current lactation. Secondly, to determine the
most effective and stress-resistant yeast cul-
ture as part of a probiotic feed additive for cow
consumption.

Literature Review

The present raises the need to solve a problem-
atic issue — the dosage of probiotic cultures in
complex use. The effectiveness of the use, co-
operation, synergy of different strains of mi-
croorganisms, and the effect of their action on
different age groups of animals of certain spe-
cies should ensure maximum efficiency when
changing the feeding diet. Even with the same
type of feeding, last year’s feed is changed to
the current one (Podobed et al., 2020).

Bacteria of the Bacillus genus — gram-pos-
itive aerobic or facultative anaerobic microor-
ganisms that form endospores. The ability to
form spores is very useful and allows long-term
preservation of the microorganism without loss
of viability. Spores can withstand low pH val-
ues of gastric juice, and as a result of entering
the small intestine, exhibit probiotic proper-
ties (Cutting et al., 2011). Therewith, they are
marked by a substantial antagonistic effect
with more pronounced adhesion compared to
vegetative forms of bacteria (Mingmongkolchai
& Panbangred, 2018).
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Strains of Bacillus produce extracellular
enzymes that promote the digestion of feed,
improve the absorption of nutrients (Latorre et
al., 2015), and also exhibit antioxidant activity
(Shobharani et al., 2016). B. subtilis C-3102 al-
lows for avoiding a long-term negative energy
balance of dairy cows after calving (Urakawa et
al., 2022). Thus, influencing the microbiome of
cows’ pre-rumens, contributing to an increase
in milk production (Sun et al., 2013). Treatment
of cow udder teats with a bacterial preparation
containing B. subtilis C-3102 improves milk
quality (Sokoliuk et al., 2022). In the world liter-
ature, considerable attention is paid to Synergy
and potentiation in the combination of probiot-
ic cultures Bacillus subtilis and Bacillus licheni-
formis. Their synergy and the effect of the ratio
of these probiotic cultures on pigs were proved
(Kim et al., 2022). Supplements B. licheniformis
and B. subtilis in young pigs substantially im-
prove the digestibility of feed and reduce the
amount of E. Soli in faeces, NH, and H,S emis-
sions. Increasing B. subtilis coefficient in pro-
biotic supplements reduces the smell of pus
(Kim et al., 2022). Antimicrobial agents B. sub-
tilis actively counteract gram-positive bacterial
and fungal pathogens (Khochamit et al., 2015).

Bacillus licheniformis — gram-positive, en-
dosporous-forming mesophilic bacterium be-
longing to the Bacillaceae family (Makowski et
al., 2021). It is isolated from soil and feed and
is resistant to antibiotics (chloramphenicol and
clindamycin). Sorokulova et al., 2008; Muras et
al., 2021). A combination of B. licheniformis with
B. subtilis increases the activity of antioxidant
enzymes (Salehi et al., 2022), and by itself, B.
licheniformis improves innate immune function
by reducing oxidative stress associated with the
accumulation of ammonia in tissues and blood
(Gopi et al., 2022), and improves liver function
(Devyatkin et al., 2021).

The positive effect of yeast Saccharomyces
cerevisiae on the productivity of ruminants has
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been known for a long time. Food additives of
live yeast based on Saccharomyces cerevisiae im-
prove the health and productivity of ruminants
(Oeztuerk et al., 2009). The action of yeast
stimulates the metabolism of microbial nitro-
gen, which leads to an increase in the supply
of microbial protein to the intestine and reduc-
es nitrogen loss (Hassan et al., 2019). However,
the effect of yeast in the large intestine of ru-
minants is still unclear, there is an increase in
digestibility in the rumen, which is especially
pronounced in calves for improving rumen fer-
mentation (Alugongo et al., 2017).

Yeast provides the body with vitamins and
growth factors for beneficial bacteria (Newbold
et al., 1996; Poppy et al., 2012), protect the ru-
men by showing antagonism against patho-
genic bacteria (Kenney et al., 2015). Feeding
cows with S. cerevisiae included leads to an in-
crease in milk yield (by 1.18 kg/day), milk fat,
and protein during the first 70 days of lactation
(Poppy et al., 2012). According to other studies,
the use of yeast from 73 days of lactation last-
ing 70 days led to an increase in milk yield by
1.36 litres (Sun et al., 2021), and after 42 days
of feeding yeast to cows, milk yield increased
by 23% and the peak lactation lengthened by
1 week (Ayad et al., 2013). Other authors also
report an increase in milk yield and a decrease
in the percentage of protein in milk (Bakr et al.,
2015). Especially effective for the body of cows
(Maamouri et al., 2014) and buffaloes (Para et
al., 2018) is the introduction of live yeast S. cer-
evisiae in a hot climate. Tishkova & Krasinko
(2018), investigating the effects of the S. cere-
visiae selenium-producing strains on the body
of cows, prove that they form resistant to stress
due to overheating.

The combined action of probiotic bacteria
improves the productivity of not only cows but
also other dairy ruminants. Thus, adding sheep
to the diet B. subtilis and B. licheniformis leads
to an increase in milk yield, fat, and protein
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(Kritas et al., 2006). A combination of S. cerevi-
siae, B. subtilis, and Enterococcus faecalis in Saa-
nen goats improves the production and compo-
sition of milk and fecal microflora ( Ma et al.,
2020). Based on the analysis of these literature
sources, it can be concluded that depending on
the duration of feeding feed additives, yeast has
a positive effect of varying degrees on milk pro-
ductivity at different stages of lactation of cows.

Therewith, some literature sources indi-
cate antagonism and increased productivity of
animals due to feeding probiotics. However, the
value of combined probiotics with the content
of B. subtilis, B. licheniformis, S. cerevisiae also
consists in their immunostimulating effect. Ba-
cillus spores can stimulate the immune system
and macrophage phagocytosis (Xu et al., 2012).
Live B. subtilis bacteria, approximately at 1 in
1000 ratio, when introduced into the rumen,
enter the blood and lymph, accumulate in the
spleen, lymph nodes, liver, and foci of inflam-
mation. Oral administration of spores to mice
substantially increases the stimulation of an-
tigen-presenting cells and T-lymphocytes, the
induction of cytokines in the spleen and mes-
enteric lymph nodes. Their interaction with
macrophages is similar to B. anthracis (Hughes
et al., 2005). B. subtilis, as a probiotic feed ad-
ditive, is widely used for heterologous antigen
expression and protective immunisation. It
promotes an increased percentage of T cells
in the mesenteric lymph nodes and spleen and
higher levels of sIgA and IgG in the gut (Lin et
al., 2022). Administrating B. licheniformis to
mice with water improves their condition by re-
ducing inflammation of the colon mucosa and
inhibiting the activation of inflammatory pro-
cesses (Tsai et al., 2022).

Combining S. cerevisiae and B. licheniformis
reduces the permeability of the small intestine
in pigs infected with E. Soli K88, showing im-
proved intestinal integrity and barrier func-
tion (Pan et al., 2017). Reducing systemic or

subclinical inflammation can reduce the im-
mune system’s need for energy, which is of-
ten ignored when controlling animal produc-
tivity. The immune system of cattle and pigs
has been shown to use approximately 1 kg of
glucose during the first 12 hours after exper-
imental immune infection with lipopolysac-
charide (Kvidera et al., 2017). The addition
of yeast also stimulates the protective sys-
tems of the animal body and increases the
formation of antibodies in the blood serum
and the antibody titer in colostrum (Wafa et
al., 2020). However, the reasons for the more
effective use of a complex probiotic supple-
ment due to the activation of the immune sys-
tem are not fully understood (Rychlik, 2020).

It is the immunological features of probiot-
ic cultures that determine the name of the pro-
biotic feed additive — Immunobacterin-D.

One of the reasons for writing this study
is the papers by Ma et al. (2020) and Sun et al.
(2021), where the authors highlight the lack of
information on the use of yeast: firstly, on the
duration of supplementation to reduce the inci-
dence of cattle; secondly, how long the benefits
of adding a yeast product persist after stopping
feeding at different stages of production. Based
on the results of previous studies, only partial
answers to these questions have been received,
and therefore the need to continue research in
this area is present.

Materials and Methods

Probiotic feed supplement “Immunobacter-
in-D” (RP AV-05553-04-14 production of the
private enterprise “Kronos Agro”, Ukraine) has
a powdery structure, which allows it to be used
as part of mixed feeds.

Scientific and production studies on the
effect of the feed additive “Immunobacte-
rin-D” with the content of baking yeast on
the milk productivity of black speckled cows
were conducted in farms of the Kyiv region
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during 2016-2021. Probiotic feed additives
were given individually at a dose of 10 g per
day to cows after calving with a body weight
of 400-500 kg. Control milking operations
were conducted to record the milk produced.
The study was conducted in two stages: the
first was in the summer period from May 27
to June 11; the second — from April 6 to May
10, during the critical period of winter stall
maintenance, which allowed to get the maxi-
mum impact of natural environmental factors
on the body of cows.

During the first stage, the researchers se-
lected calved cows of black speckled breed ac-
cording to the principle of pairs-analogues, in
accordance with the calving date. Analogue
pairs were completed from animals at the age
of 10 days and with the appropriate formation
of technological schemes. Control milking was
performed after 3-4 days and the study lasted
13 days. Animals in the post-calving period
(from 4 days after calving to 3 months of lacta-
tion) were divided into two groups — 8 in the ex-
perimental and 6 in the control. Animals of the
experimental group were fed a probiotic feed
supplement “Immunobacterin-D” (B. subtilis
12P-130, 1-10*° CFU/g-mL, B. licheniformis 12P-
896, 1-10'° CFU/g-mL, S. cerevisiae AF 338, 1-10°
CFU/g'mL) individually, once with mixed feed
for 10 g per day. The animals in the control
group remained intact.

In the second stage, for the examination
to determine a more effective yeast strain, two
experimental and one control group of cows
from the post-calf period were formed. The
cows were kept tethered, with automatic wa-
tering. Milk yield was recorded after 12 days.
The experiment lasted 36 days. Cows of the
first experimental group were given a probiotic
feed supplement “Immunobacterin-D” (B. sub-
tilis 12P-130, 1-10'° CFU-g * mL, B. licheniformis
12P-896, 1-10'° CFU-g * mL, S. cerevisiae AF 338,
1-10° CFU-g * mL ( conventional); and the
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second — Immunobacterin-D (B. subtilis 12P-
130, 1-10'° CFU-g * mL, B. licheniformis 12P-896,
1-10% CFU-g * mL, S. cerevisiae, experimental
1-10° CFU-g * mL). The animals in the control
group remained intact. The experiment lasted
36 days.

Studies on the assessment of milk quality
indicators were conducted using an ultrasonic
milk quality analyser “Ecomilk”, Milkan type
KAM-98-2A (Bulgaria).

The effect of the probiotic feed additive
“Immunobacterin-D” on the health status of
cows was assessed by biochemical parameters
of animal blood serum, which were determined
using an automatic biochemical analyser La-
bLine-010 (Austria) based on the scientific lab-
oratory of the Department of Therapy and Clini-
cal Diagnostics of the National University of Life
and Environmental Sciences of Ukraine (Kyiv).

Experiments using live animals were con-
ducted in accordance with the recommenda-
tions of Arrive.

The obtained study results were pro-
cessed in the Microsoft Excel programme using
the Student’s coefficient ; P < 0.001; P < 0.05;
P<0.01 to compare the obtained digital values.

Results and Discussion

Based on the results of the first stage of the
study, the most favourable terms for the ra-
tional use of the feed additive “Immunobacte-
rin-D” to cows of the experimental group were
determined. Thus, the average daily milk yield
of cows of the experimental group before intro-
ducing the supplement was 20.5 L, in the con-
trol group - 19.7 L. During the period of feed-
ing the probiotic feed additive (13 days), the
milk yield of cows of the experimental group
increased by 1.2-2.5 L per day. In the control
group of cows, milk yield also increased by 0.3-
1.5 L, but the difference in the amount of milk
produced between the groups was 0.7-1.9 L in
favour of the experimental group (Table 1).
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Table 1. Effect of the feed additive “Immunobacterin-D”
on the amount of milk produced, L, M*m, n=6

Name Mass of . Day of control milking Day of control milking during the experiment
Inventory Calving - .
number of.the the body date 29.05 before the experiment period
animal 27.05 02.06 05.06 07.06 11.06
8015 Bagheera 500 08.03 20 21 22.5 24 23 22
2734 Dymbka 400 17.03 21 20 19 20 21.1 23
5638 Azalea 410 20.03 15 14 14 14 12 13.5
5645 Zorka 405 01.04 21 23 34 32.5 30 31.5
5604 Rosa 390 10.04 21 18 21.5 23 23 21.5
5607 Klumba 405 12.05 18 19 20 19 20 21.5
9085 Tryda 400 15.05 17 21 21 20 17.2 19
8968 Lypa 450 28.05 29 31 32 30 27.4 31.5
20.3+1.5 20.8+1.7 23%£2.4 22.8+2.1* 21.7+2* 229*1.1*
Increase to the average daily milk yield 20.5 +2.5 +2.3 +1.2 +2.4
8867 Mayka 390 08.03 18 20 21.5 21.5 22 22
2607 Antaliia 425 17.03 17 18 20.5 19.5 15.8 16
4545 Korona 400 01.04 18 19 19.5 20.5 19 23
2744 Niagara 405 20.04 16 15 17.5 18 16.3 19
4494 Hroza 390 12.05 18 20 19 20 20.2 15.5
5623 Ilona 410 22.05 28 29 29 28 26.8 25.5
19.2+41.7 20.2+*19 21.2#1.6 21.3*¥#1.4 20%#1.7 20.2%*1.6
Increase to the average daily milk yield 19.7 +1.5 +1.6 +0.3 +0.5

Note: *

Based on the analysis of the results shown
in Table 1, cows of the experimental group have
a stable tendency to maintain an increase in the
average daily milk yield. In particular, the milk
yields of these cows increased by an average
of 9.23%. Therewith, in animals of the control
group, theincrease in the average daily milk yield
decreased over time and amounted to 4.65%,
which is 4.58% less compared to the experimen-
tal one. During the study period, the milk pro-
ductivity of cows in the experimental group in-
creased by 4.58% compared to the control group.

The average daily milk yield of cows was
compared among analog pairs grouped depend-
ing on the day of lactation for 10 days (Table 2).

The highest performance indicator com-
pared to the amount of milk produced was ob-
served in cows from 30 to 60 days after calving.

Comparing pairs-analogues of cows, it was
established that the tendency to increase milk
yields occurs as early as the 4th day of introduc-
ing a probiotic feed additive. However, based on
the results of the study, there is a decrease in

*P < 0.05; **P < 0.01; *P < 0.01 compared to the control

milk yield in cows on the 10 day of the experi-
ment (12-25 days after calving). This is assum-
ably due to the physiological characteristics
of the cows’ bodies in the post-calving period
since the diet, content, and dose of probiotic
feed supplement were the same for everyone.
According to the conducted studies of milk
quality, an increase in the fat content of milk by
0.6-2.2% during the first 30 days of lactation was
established in all cows, especially in experimen-
tal ones. With a larger difference in milk yields,
an increase in density and a decrease in fat
content of milk by 0.7% were observed. Feeding
cows a probiotic feed supplement after 70 days
of lactation affected a decrease in milk yield
compared to previous values for an increase in
fat content, density, and protein content in milk.
According to the indicators shown in Table 3,
milk yield had a maximum increase on the 30-
60 days of lactation, and from the 70-90 days,
the fat content, density, and protein content
in milk increased when feeding cows the pro-
biotic feed supplement “Immunobacterin-D”.
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Table 2. Difference in the amount of milk produced depending on the initial milk yield, L

Pafirs—analogue.s for the G Inventory Control milkings, day of the experiment
period after calving (days) number 4 7 10 13
Experiment 8968 2 0 -2.6 1.5

Pair 1 (10) Experiment 9085 2 1 -1.8 0
Control 5623 0 1 1.2 -3.5

Pair 2 (20) experiment 5607 1.5 0.5 1.5 3
control 4494 3 2 -1.7 -1.5

Pair 3 (30) experiment 5645 12 10.5 8 9.5
control 4545 0.5 -0.5 -1.7 -3

Pair 4 (40) experiment 5604 2 3.5 3.5 2
control 2744 1 2 0.5 4.5

experiment 5638 -0.5 -0.5 -2 -1

Pair 5 (70) experiment 2734 -1.5 -0.5 -0.4 2.5
control 2607 B 2 -2 -1.5

Pair 6 (80) experiment 8015 2 3.5 2.5 1.5
control 8867 2 2 2.5 2.5

Table 3. Milk quality indicators of experimental cows, M*m, n=6

No. [Inventory dL;acfizttri;)I? Fat, % Density, °A Protein, %
n/m  number saznplingg before after before after before after
1 8968 12 3.88 4.43 29.76 25.7 4.12 3.79
2 9085 25 2.83 5 30.78 26.04 4.6 3.69
3 5623 18 3.45 3.63 27.78 27.89 3.31 3.07
4 5607 30 3.72 4.26 27.84 27.12 3.35 3.07
5 4494 30 3.99 3.99 27.99 28.59 4.69 3.45
6 5645 40 3.77 2.45 27.35 28.75 3.25 3.25
7 4545 40 3.6 3.66 28.9 28.98 3.79 3.79
8 5604 60 2.1 1.75 30.03 30.46 3.21 3.21
9 2744 50 4 3.95 27.87 28.61 3.79 3.25
10 5638 80 3.23 4.36 30.16 30.58 2.88 4.41
11 2734 84 4.07 4.1 27.92 29.13 2.93 3.35
12 2607 84 3.23 3.22 30.19 30.78 2.83 3.74
13 8015 93 4.77 6.06 29.51 27.7 4.02 4.02
14 8867 93 4.2 4.05 27.72 29.06 3.16 3.94

Arithmetic mean of the

- 3.55+0.27 4.05+0.45 29.17+0.42 28.19%+0.62 3.55+0.21 3.60%0.15
experimental group

Arithmetic mean of the

3.75+0.19 3.75+0.16 28.41+0.49 28.99+0.48 3.60+0.33 3.54=0.17
control group

Considering the results obtained, it is worth The combination of these cultures was
continuing to examine the effect of this supple-  identified to be quite successful. The results
ment during subsequent lactation periods. obtained coincide with those in the study by

A,
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Poppy et al. (2012) since the most pronounced
effect of using a feed additive was manifested
in the first half of lactation. According to the
paper of Alugongo et al. (2017), the milk pro-
ductivity of cows during the use of anaerobic
probiotics was most pronounced in the group
of cows that were fed B. licheniformis compared
to B. subtilis and with a group that didn’t get
any supplements.

Results indicate that B. licheniformis is the
better live feed additive compared to B. sub-
tilis, which is logical for a ruminant since the
advantages of B. licheniformis are especially
pronounced for feeding coarse feed, and its op-
timal dose should be 0.25x107 CFU/500 mg of
substrates (Wang et al., 2015).

Study results obtained by Peng et al. (2012)
prove that the fermentation product B. subtilis
natto was effective in increasing the lactation
performance of dairy cows at the beginning of
lactation. Adding S. cerevisiae yeast to the diet
of Holstein cows increased rumen fermentation
and improved serum metabolic profile, and dai-
ly milk yield increased by 4% 3, 7, 11, 15, and 19
weeks after calving (Kumprechtova et al., 2019).

Thus, the quantitative and qualitative in-
dicators of milk produced depend both on the

_g- 3
= 2
%]
& .
=
g5 -1 /
<]
g -2
5 -3
g 4
© 10 day
control group -2.78
e first group -1.3
second group -1.59

composition of the probiotic feed additive and
on the lactation period of cows.

Since the interest lies in the short-term as
the most rational feeding of probiotic feed ad-
ditives to increase milk yield in cows, it was de-
cided to conduct a study on the effect of various
yeasts on improving their lactation in its most
substantial first period — milking. Considering
previous results, additional observations were
made regarding the content of various yeast cul-
tures S. cerevisiae in a probiotic feed supplement.

The second stage the study was conduct-
ed during the most critical winter-spring period
for feeding. According to the indicators of the
difference in the arithmetic mean indicators of
the control milking of cows of the experimental
groups, a positive effect of the probiotic feed
additive “Immunobacterin-D” with the content
of both conventional and experimental yeast
strains was established in comparison with the
control group. The maximum increase in milk
yield was observed on the 24th day of the ex-
periment in all groups: in the first group, the
indicator was 23.75+ 2.27 L; in the second -
26.88%0.39 L. Figures 1 and 2 show the analysis
of indicators of the difference in milk produc-
tivity between groups of animals.

IR

20 day 30 day
1.3 -2.83
1.72 -0.53
2.13 -1.5

control milking, day

Figure 1. Analysis of milk yields (L) of cows of experimental groups
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Figure 2. Indicators of the difference (%) of milk produced by cow groups

An increase in milk yield by 2.13 L com-
pared to the initial one was observed on the
24% day of the experiment in cows of the sec-
ond group, which were fed experimental yeast
strains, and in cows of the first experimental
group, an increase in the number of milk yields
by 1.72 L was noted, in the control group - by
1.3 L. This pattern is displayed as a percentage
(Fig. 2). The results of studies indicate a positive
effect of the feed additive “Immunobacterin-D”
on increasing milk yield, which eliminates the
effect of negative factors.

The results of the study coincide with those
of other authors (Poppy et al., 2012; Maamouri
et al., 2014; Para et al., 2018) on the positive ef-
fect of combined probiotic feed additives with
yeast on the milk productivity of cows. As noted
in the literature review, yeast supplements in-
crease milk yield in the first half of lactation,
and milk fat content increases at the end of lac-
tation, which allows using them during differ-
ent lactation periods (Ayad et al., 2013; Bakr et
al., 2015; Sun et al., 2021). However, the effec-
tiveness of the application varies depending on
the diet and strain, which is confirmed by the
results obtained. Microbiological and biochem-
ical processes in the rumen depend on the con-
tent of coarse and concentrated feed in the diet
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(Alugongo et al., 2017). Cellulose is ferment-
ed by bacteria that are very sensitive to acid-
ic environments. They function better at pH
6.4-7.0 which is important to know when com-
bining feeds (Kalachniuk & Kalachniuk, 2015)
to achieve optimal pH. In addition, cellulolyt-
ic microbes are sensitive to fats. If fat is more
than 5% of the dry weight of the feed substance,
then microorganisms sharply reduce their ac-
tivity. The action of a probiotic feed additive
with feed yeast is improved by its high antioxi-
dant activity (Liu et al., 2018). The supplement
intake should be daily, but not permanent and
not long-term to get the effect of yeast in ma-
nipulating the rumen microbiome (Ogbuewu et
al., 2018; Lytvynenko & Yukhymchuk, 2021).
Analysis of the effect of the probiotic feed
additive “Immunobacterin-D” on milk quality
was determined by comparing milk taken before
and after feeding. As a result, in the first group
of animals, patterns similar to the previous
experiment were obtained, since milk samples
were taken from cows on the 40-70 day of lacta-
tion (Table 4). In cows of the first group, the fat
content of milk decreased by 0.34%, the density
increased by 0.55%, and the protein content by
0.02%. Considering the indicators of the control
group as physiological, then there is a tendency
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to increase the percentage of fat content and
reduce the density and protein content. A sim-
ilar trend is observed in animals of the second
experimental group, in which the fat content of
milk increased by 0.45% after feeding a probiot-
ic feed additive, and the density - by 1.4%, the
protein content decreased by 0.1%. In cows of
the first experimental group, the fat content of

milk decreased by 0.67%, and in the second — by
0.44% (P < 0.05). However, the protein content
in the milk of cows in the first experimental
group increased by 0.06%, in the second group,
it decreased by 0.06% compared to the control
group. In the first group of cows, milk density
increased by 0.46% (P<0.01), and in the second
group, on the contrary, it decreased by 0.01%.

Table 4. Influence of yeast cultures S. cerevisiae on cow's milk quality indicators

Fat content, % Density, °A Protein, %
before after before after before after
No. conducting completing difference in conducting completing difference in conducting completing difference in
the the values the the values the the values
experiment experiment experiment experiment experiment experiment
Control group
1 3.21 3.5 0.29 29 26.8 -2.2 3.11 2.93 -0.18
2 3.13 3.7 0.57 29.8 27.6 -2.2 3.17 3.02 -0.15
3. 3.94 4.64 0.7 29 26.1 -2.9 3.17 2.97 -0.2
4 4.2 3.8 -0.4 30.4 279 -2.5 3.42 3.06 -0.36
M#+m 3.62%0.28 3.91%£0.23 0.29%#0.21 29.55+0.34 27.1+0.41 -2.45%0.14 3.225+0.06 2.99%0.03 -0.2+0.04
0.29 -2.45 -0.22
First experimental group
5. 3.48 3.36 -0.12 28 28.4 0.4 3.04 3.06 0.02
6. 3.89 3.37 -0.52 26.7 27.8 1.1. 2.96 3.01 0.05
7. 3.98 3.3. -0.68 27.4 29.1 1.7 3.04 3.13 0.09
8. 2.95 2.93 -0.02 29.1 28.1 -1 3.09 3 -0.09
3.58+0.23" 3.24%0.1° -0.34+0.14" 27.8+0.47° 28.35+0.25" 0.55+0.5"" 3.03+0.02" 3.05+0.03 0.02%0.03"
-0.34 0.55 0.02
Second experimental group
9. 3.03 3.3. 0.27 27.3 27.8 0.5 2.94 3 0.06
10. 3.52 3.3. -0.22 26.7 25.7 -1 2.93 2.81 -0.12
11. 2.91 3.89 0.98 28.8 27.7 -1.1 3.06 3.05 -0.01
12. 2.63 3.39 0.76 30.3 26.3 -4 3.18 2.87 -0.31
M#+m 3.02+0.16" 3.47+0.13" 0.45+0.23 28.28+0.8" 26.88+0.56 -1.4%0.81 3.03+0.06" 2.93%0.06 -0.1+0.07
0.45 -1.4 -0.1

Note: ***P < 0.001; **P < 0.05; *P < 0.01 compared to the control group

B. licheniformis also contributes to an in-
crease in the protein content in milk (Qiao et
al., 2010), in contrast to B. subtilis, the use of
which did not affect digestion in the rumen.
The results of the study prove the pronounced
positive effect of yeast in the composition of
the probiotic feed additive “Immunobacter-
in-D” on milk quality indicators and predict

the prospect of further research with the S.
cerevisiae experimental strain. Moreover, the
rumen microbiota of highly productive and
low-yielding cows during lactation is different
and determines new strategies for improving
the productivity of dairy cows.

The results of the analysis of biochemi-
cal parameters of cow blood serum are shown
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in Table 5. In the blood serum of cows of the
first experimental group, the total protein con-
tent increased by 4.9% (P <0.05), in the second
experimental group by - 9.0% (P < 0.01) com-
pared to the control group. The concentration
of glucose in the blood serum of cows of the
first experimental group decreased by 23.3%
(P <0.01), and in the blood serum of cows of
the second experimental group, on the contra-
ry, it increased by 10.1% (P <0.01) compared to
the control group. The concentration of urea in
the blood serum of cows of the second group
increased by 84.8% (P < 0.05) compared to the
control group.

The content of creatinine and phosphorus
in the blood serum of cows of the first group

increased by 18.6% (P < 0.05) and by 31.4%
(P<0.05), respectively, compared to the control
group.

In the blood serum of cows of the first and
second experimental groups, a decrease in the
activity of aspartate aminotransferase (AST)
and alanine aminotransferase (ALT) was estab-
lished compared to the control group. Thus, in
the blood serum of cows of the second exper-
imental group, the ALT content decreased by
25.6% (P<0.05) compared to the control group.
Therewith, the AST/ALT ratio in the blood serum
of cows in the second study increased by 9.4%
(P < 0.05) compared to the control group. No
statistically substantial difference was estab-
lished for the remaining indicators examined.

Table 5. Biochemical parameters of cow blood serum under the influence
of S. cerevisiae cultures as part of the feed additive “Immunobacterin-D”, GEm,n=6

Before conducting the experiment

No.

Indicator first second
/1 . .
experimental experimental
group group
1.  Total Protein, g/L 76+3.69 77.8+4.39
2. Albumins, g/L 38.28+0.88 31.13+1.66
3.  Glucose, mmol/L 1.07+0.06 1.26%0.10
4. Urea, mmol/L 2.7+0.08 3.0+0.29
5, creatinine, oy 001986 168.98+5.78
mmol/L
6.  Calcium, mmol/L 2.62%0.09 2.58+0.03
P USHou 1455009  1.46+0.06
mmol/L
g, Totalbilitubin, ) 01619 4884053
umol/L
9. AST, U/L 83.98+6.38 79.43+4.28
10. ALT, U/L 19.25+1.08 16.8+1.28
11. Correlatg% Of AST/ 4334015  4.890.38

After completing the experiment

first second
control - - control
ou experimental experimental rou
group group group group
82.35+0.14 87.68+1.79" 91.15+0.67°  83.6+1.62
31.13£1.01  36.33%2.50 30.27+1.50  30.9%0.17
1.86%0.15 1.22+0.08" 1.75+0.12° 1.59+0.03
4.25+0.19 2.28+0.07 4.25+0.19" 2.30+0.08
171.1+1.57 200.3+9.01" 187.63+18.10 168.85+1.39
2.7%£0.04 2.95%0.18 2.58+0.12 2.65+0.02
1.9+0.004 2.05+0.14" 1.66+0.25 1.56+0.05
5.97+0.11 3.90+0.17" 3.68%0.42 4.08+0.42
75.95£4.74  57.93%7.26 69.8+10.73 77.3+3.52
25.65%2.59  27.3%#1.72  22.77%£1.38"  30.6*1.95
3.03+0.12 2.27+0.41 2.79+£0.45**  2.55%0.05

Note: ***P < 0.001; **P < 0.05; *P < 0.01 compared to the control group

The concentration of glucose in the blood
serum of cows of all experimental groups indi-
cates the occurrence of an energy imbalance at
the beginning of lactation. Feeding the probiotic
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feed supplement “Immunobacterin-D” slight-
ly affects the increase in the concentration of
glucose in the blood serum of cows. However,
it causes a likely increase in the total protein

A,
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content, but not due to the albumin fraction.
Therewith, there is a substantial effect of the
feed additive “Immunobacterin-D” on the val-
ue of the ratio of AST/ALT activity in the blood
serum of cows of experimental groups, primar-
ily due to a decrease in AST activity and resto-
ration of the structural and functional state of
hepatocytes, which is also confirmed by the re-
sults of the study by Kumprechtova et al. (2019).
This is assumably due to the fact that live yeast
has a positive effect on the energy balance at
the cellular level and has a hepatoprotective
effect. According to the results of the analysis
of biochemical parameters of blood serum, an
increase in the content of phosphorus (by 41%)
and total bilirubin (by 49%) in cows of the first
experimental group was also established. Thus,
the applied symbiotic cultures contribute to
improving the health of cows during lactation.

Conclusions
Application of probiotic feed additive “Immunob-
acterin-D” with S. Cerevisiae, B. Subtilis, B. licheni-
formis in cows provides an increase in the aver-
age daily milk yield in the post-calving period.

When feeding the probiotic feed additive
“Immunobacterin-D” in cows from 4 to 90 days
after calving, an increase in the value of milk
yields was noted with the greatest effect of
manifestation on the 30-60 days after calving.
Consumption of probiotic feed additives from
70 to 90 days was accompanied by a decrease in
the amount of milk produced but contributed to
an increase in the fat content of milk in cows of
the experimental group.

Analysing the effect of probiotic feed addi-
tives on animals of the experimental group for
the entire study period, a positive effect in the
increase in the average daily amount of milk
from 1.2 to 2.5 L should be noted. The differ-
ence in milk yield difference with the control
group of cows in favour of the experimental
group is from 1.9 to 0.7 L.

The probiotic feed additive “Immunobac-
terin-D” in both versions during the milking

period shows the best effect on the 24" day of
use. The maximum result during this period
was obtained with the experimental strain. In
particular, the milk allowance for the cow group
increased to 2.13 litres, and the milk fat content
increased by 0.45%.

Application of probiotic feed additive “Im-
munobacterin-D” with strain S. cerevisiae AF
338 contributed to an increase in the amount
of milk produced in cows of the experimental
group by 1.73 L, while in the control group -
only by 1.3 L. The milk fat content decreased
by 0.34% from the previous value and by 0.67%
compared to the control. Summarising the
data on the total amount of milk produced for
the entire study period, positive trends can be
traced, mainly in cows of the first group that
consumed conventional yeast and showed
stress resistance to environmental factors.

The probiotic feed supplement “Immu-
nobacterin-D” in both versions used helps to
improve the health status of cows in the dairy
area of productivity, as indicated by the equal-
isation of the ratio of AST/ALT activity in their
blood serum. This has a positive effect on the
processes of liver cell renewal. In addition, cows
of the first group have a substantial increase in
the content of phosphorus and total bilirubin in
the blood serum.

If it is possible to regulate the factors of
external influence on productive animals, the
use of a probiotic feed additive with an experi-
mental strain may become more promising, as
indicated by obtaining more milk yield and in-
creasing the fat content of milk.

The stidy on Sashagomuses cerevisiae as
part of probiotic feed additives predicts the
prospect of further research with an experi-
mental yeast strain.
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BB npo6ioTHYHOT KOpMOBOI 100aBKH «IMyHOOaKTEpUH-D»
Ha IPOAYKTUBHICTH KOPiB YOPHO-PsA00I MOPOIU MiJf Yac JaKTanil
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AHoranis. B YkpaiHi, SIK i 1J151 KOsKHOT KpaiHy CBiTY, BasK/IMBYUM 3aBIAHHSIM € pO3p0o6Ka eeKTUBHOI
cTparerii po3BUTKY 3 BUPOOHMIITBA HATYPAJIbHMUX MOJIOUHMX MPOAYKTIB IMIJITXOM BUKOPUCTAHHS
npo6ioTukiB. 3romoByBaHHs TBapuHam ITKII BuUSAB/SE pisHY eDeKTUBHICTh 3aJ€KHO Bif iX BiKy,
0CO6MMBOCTE MiKpOGIOMM KUIIEUHUKY, CKIaAy KOPMiB palliOHy Ta TEXHOJIOTii BMPOOGHUIITBA.
MeTa [mocmimkeHHS Tonsirasia y 3’scyBaHHi HaltedexktuBHimoro mepiomy 3acrocyBaHHs IIK]]
«ImyHOGakTepuH-D» Ta y BUGOPi KyIbTYpM OPiKIKIB 15 MiIBUIIEHHS] MOJIOYHOI MPOAYKTUBHOCTI
KopiB. EdektuBHicTh ITK]I o1iHIOBa/IM 3a KiJIBKICTIO HAJOEHOTO MOJIOKA, & JOT0 SIKiCTh — HIJITXOM
BUKOPUCTAHHS YJIbTPAa3BYKOBOro aHajizaTopa «Ekomink». CTaH 340pOB’ST KOpPiB KOHTPOJIIOBAIN
3a pe3y/nbTaTaMiu CIEeKTPO(POTOMETPUUYHOTO AOCTiIKEHHS 6iOXiMiUHMX TMMOKA3HMUKIB CHUPOBATKU
KpoBi Ha 6GioximiuHomy anamizaTopi LabLine-010 (ABctpist). B pesynbrari 6y/n0 BM3HAYEHO,
0 ONMTMMaJbHMM Tiepiomom 3actocyBaHHs K[l € 30-60 mob6a micias oteneHHs. Ha 13 mo6y
sromoByBaHHs IIK]I Hamoi MosoKa B KOpiB mociimHoi rpymu 36inbiryBanmcs Ha 1,2-2,5 1/m06y.
Pi3HMIIA y KiZTBKOCTI HAA0IHOTO MOJIOKA M)XK TBapMHaMM JOCIILHOI i KOHTPOJIBHOI TPyl CKIajasa
0,7-1,9 n/mo6y. 3 70 mobu mic/asS OTeNeHHsT 3acTOCyBaHHS KopoBaM IIK/I He BUK/IMKAIO 3MiH B
obcsrax HaI00 MOJIOKA, ajie CITPUSIIO MiABUIIEHHIO 10T0 KMPHOCTI. BIpogoBk 21 o6y 3rogyBaHHS
KOpoBaM eKCIepuMeHTaJbHOro mTamy S. cerevisiae y ckmaai ITK[ Bigmiuaau MakcumaabHe
36ibIIeHHS HAO1B MOJTOKa — Ha 2,13 J1, a MosouHoro xkupy — Ha 0,45%. Topi sk 3actocyBaHHs [TK]],
3 TpaguUIiiHUM 1TaMoM S. cerevisiae AF 338 cripusiiio 36imbiieHHI0 Ha 1,73 1 HalOiB MOJIOKa, a Y
KOHTPOJIbHOI I'pyTu Kopis yiuiire Ha 1,30 J1. 3a pesynbraTaMu 6i0XiMiuHMX JOCTIIKEHb CMPOBATKU
KpOBi moBemeHo mosuTtuBHMit BIuinB IIK]I «IMyHo6akTepuH-D» Ha cTaH 3mM0poB’s KopiB. [TKII Moske
6yTV peKOMeHIoBaHa /st 3T0J0BYBaHHS KOPOBaM Ha BUPOGHMIITBI, 1[0 CIIPUSATUME ITiABUIIIEHHIO
HaJl0iB MOJIOKA Ta 3MiIlHEHHIO CTaHY iXHbOTO 3[I0POB’ST

KiiouoBi coBa: MoJIOYHE CKOTAapCTBO; ApiKmXKi; Bacillus subtilis; Bacillus licheniformis;
Saccharomyces cerevisiae
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