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The object of research is patterns in
a technological process related to the fer-
mentation of milk clots from dairy raw
materials obtained from cows with differ-
ent genotypes by the kappa-casein gene.
The task still unresolved is the need to
adjust the technological process in the
manufacture of fermented milk products
Jrom dairy raw materials obtained from
cows with different genotypes by this
gene. This is associated with the interest
of animal owners to create herds of cows
with the BB genotype in order to improve
milk suitability for cheese making.

Changes in physical-chemical, micro-
biological, and organoleptic parameters
in the process of targeted use of mesophil-
ic lactic acid bacteria of biotechnological
processing and during storage have been
studied.

Based on the results of the study of fer-
mented clots, their physical-chemical and
microbiological parameters, the absence
of dependence of the fermentation pro-
cess of milk clots by mesophilic lactic acid
streptococci on the cow genotype accord-
ing to the kappa-casein gene has been
found.

The study has resulted in confirm-
ing the hypothesis that genetic variants
of the kappa-casein (CSN3) gene in cows
(AA, AB, BB) affect the physical-chemical
characteristics of milk, the dynamics of
Jermentation, and the properties of milk
clots formed under the action of meso-
philic lactic acid streptococci, and there-
Jore the quality of finished fermented
milk products. The use of milk from the
cow genotype based on the kappa-casein
gene is possible using classical technology
and does not require adjustment of tech-
nological conditions.

The results of the work could be used
in the milk processing industry in the
development of technology for fermented
milk products from raw milk of cows with
different genotypes based on the kap-
pa-casein gene
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1. Introduction

various sectors of the national economy are constantly work-

Economic and political processes that occur all over the
world threaten the food security of humankind. Scientists in

ing on solving this problem. One of the directions for address-
ing the food problem is the development of such sciences as
biotechnology and genetics. Scientists have long been study-




ing the issue of increasing the quantity of livestock products
and their quality. In order to improve the technological prop-
erties of milk, scientists pay attention to the genotype of cows
according to the kappa-casein gene. Depending on it, the
yield of cheeses can be increased and their quality improved.
However, the issue of the influence of the genotype according
to this gene on the technological properties of milk in the
production of other dairy products remains poorly studied.

One of such products is fermented milk products, which
remain the most widely used segment among dairy prod-
ucts [1, 2]. However, there are no studies on the influence
of the genotype according to the kappa-casein gene on their
production.

It should be remembered that one of the main conditions
for dairy raw materials in the dairy production is its compli-
ance with certain technological properties. They determine
the direction of processing and the specificity of the technolog-
ical process for a particular product. Technological properties
such as rennet coagulation, the ability to ferment, and heat
resistance determine the direction of the technological pro-
cess [3]. The biochemical composition of milk has a significant
impact on its technological qualities [4]. Therefore, scientists
believe that different variants of milk proteins can affect the
technological properties of the raw material [5]. The creation
of dairy herds with the BB genotype according to the kappa-ca-
sein gene requires research to determine its impact on the pro-
duction of lactic acid products. The relevance of the research
is associated with resolving the issue of practical use of milk
raw materials from cows with different genotypes according to
the kappa-casein gene in the production of lactic acid products.

2. Literature review and problem statement

In [6] it is stated that the genetic markers associated with
the technological properties of milk include the genes of
alpha-lactalbumin, beta-lactoglobulin, and others. However,
in dairy cattle, research is mainly aimed at identifying the
influence of genetic markers on milk productivity indicators
and technological properties of milk in cheese production.
Their influence on the technological properties of raw milk
in the production of fermented milk products is not defined.

In works [7, 8] it was established that the kappa-casein
protein is one of the main proteins of milk. However, they do
not indicate the influence of these proteins on the qualitative
and technological characteristics of milk. This approach was
used in [9], which investigated the dependence of milk com-
position on the genotype of the kappa-casein gene. However,
the authors do not provide information on the technological
characteristics of milk from cows of different origins. In [10],
the dependence of the coagulation properties of milk depend-
ing on the polymorphism of the kappa-casein gene was stud-
ied. In this case, the authors did not examine the influence
of genotype on the technological characteristics of milk in
the production of fermented milk products. In [11], a reliable
influence of the genotype for kappa-casein on the heat resis-
tance of milk in the alcoholic test was established. This also
leaves the issue of the production of fermented milk products
from dairy raw materials of different origins unresolved.

The results of studies prove that the “desired” alleles and
genotypes of whey proteins (alpha-lactalbumin) in the ge-
nome of cows have a significant influence on the technologi-
cal properties of milk [12]. But the authors only consider the
influence on the technological properties in the production

of cheese. The influence of the genotypes of alpha-casein,
beta-casein, kappa-casein on the properties of cow’s milk
during its processing has been confirmed in [13]. However,
their influence has been studied only in the production of
hard cheeses. Other researchers associate the genotype for
alpha-casein and beta-casein only with the biochemical com-
position of milk [14]. The researchers do not report results of
studies to determine the influence of genotype on associated
genes on the fermentation process of milk clots.

Each breed has a certain genetic structure that affects the
technological properties of milk. Therefore, the identification
of milk proteins as markers in the animal genome contributes
to the creation of a herd of cows with a high protein content
in milk, which is necessary for the production of high-quality
dairy products [15]. At the same time, the cited work did not
study the influence of genotype on the fermentation process,
which is the basis of most technologies for the production of
fermented milk products [16]. Fermentation of milk mixtures
is a process of biochemical changes in the components of
milk mixtures under the influence of enzymes [17, 18]. Raw
milk contains about 100 enzymes of different classes, and
if the primary processing processes of milk are disturbed,
they can lead to its spoilage. The main source of enzymes in
pasteurized milk is starter microorganisms [19]. The cited
works [17-19] did not study the influence of raw milk pro-
teins on the process of its fermentation.

To activate the directed fermentation process, specially
selected strains of lactic acid, propionic acid bacteria, yeast,
as well as prebiotics and their combinations are added to the
pasteurized milk mixture. As a result of the vital activity of
the starter microorganisms, significant biochemical changes
occur in all components of milk with the formation of a num-
ber of chemical substances [20]. However, the cited work does
not mention the dependence of the fermentation process on
the characteristics of the milk protein raw material.

Lactose undergoes the greatest changes in the process
of directed fermentation. Under the influence of -galacto-
sidase, it is broken down to galactose and glucose, which, in
the case of anaerobic oxidation of carbohydrates, along the
Embden-Meyerhof-Parnas pathway, forms lactic acid as the
final fermentation product [21]. However, the cited work does
not resolve the issue of the influence of enzymatic hydrolysis
of lactose on the process of milk clot formation.

Milk proteins also undergo enzymatic changes due to
the influence of proteolytic enzymes of microbial origin. The
most significant enzymatic transformation is undergone by
protein due to the action of proteases [22, 23]. Proteases cata-
lyze the hydrolysis of peptide bonds in protein molecules. In
the production of fermented milk products, strains of starter
cultures that carry out proteolysis moderately are used. Pro-
teases formed by the starter microflora attack as-casein more
easily than 8- and x-casein, but individual strains of micro-
organisms cleave a- and f-fractions equally effectively [23].
The question of the influence of the proteolytic activity of
lactobacteria on the formation of milk clots depending on the
raw milk remains unresolved.

Studies have shown that in the production of fermented
milk products, starter cultures of mixed mesophilic cultures
of Lactococcus lactis ssp. of different strains are usually used.
It was established that lactococci do not have high proteolyt-
ic activity, but shallow casein breakdown provides optimal
consistency and structure, but at the same time increases
the digestibility of casein in the gastrointestinal tract and
ensures stability during storage. No significant difference in the



use of L. Lactis subsp. Cremoris Y15 or L. Lactis subsp. Lactis
KLDS4.0325 for the production of fermented milk products
was determined in study [24]. The question of the influence of
mesophilic lactococcal cultures on raw milk from cows with
different genotypes according to the kappa-casein gene remains
unresolved.

As a result of biotechnological processing of milk mixtures,
the fat component also undergoes changes, but less significant-
ly. The degree of lipolysis depends on the composition of the
microflora, both initial and introduced, and on the number
and condition of fat globules. Uncontrolled lipolysis leads to the
emergence of defects and spoilage of products [25]. The question
of the effect of starter cultures on milk fat globules, which con-
tain complex lipids and proteins, remains unresolved.

Therefore, it is advisable to conduct a study aimed at
determining the effect of the protein genotype of raw milk
on the processes of its biotechnological processing in order
to understand the significance of the effect and adjust the
technological process if necessary.

3. The aim and objectives of the study

The purpose of our work is to establish the dependence
of the fermentation process of milk clots, carried out by
mesophilic lactic acid streptococci, on the genotype of cows
according to the kappa-casein genome, in order to identify the
influence of genetic variants on the properties of clots and the
potential quality of final dairy products. This will make it pos-
sible to determine the features of technology in the production
of fermented milk products from dairy raw materials of dif-
ferent origins according to the CSN3 kappa-casein genotype.

To achieve this aim, the following objectives were accom-
plished:

- to investigate the physicochemical characteristics of
raw milk from cows with different genotypes according to
the kappa-casein genome;

- to investigate the process of fermentation of milk mixtures
with a starter culture based on mixed mesophilic cultures of
Lactococcus lactis ssp and changes in the indicators of fermented
milk clots during storage from raw milk from cows with differ-
ent genotypes according to the kappa-casein genome.

4. The study materials and methods

4.1. The object and hypothesis of the study

The object of our study is patterns in the technological
process of fermentation of milk clots from raw milk from cows
with different genotypes according to the kappa-casein gene.

The hypothesis of the study assumes the influence of ge-
netic variants of the kappa-casein gene in cows (AA, AB, BB)
on the features of the technological process of fermentation.

It was assumed that the studied raw milk has differenc-
es according to the kappa-casein gene and this affects the
fermentation and formation of milk clot. Other factors that
can affect fermentation (temperature, pH, composition of
microflora, storage mode) are constant, focusing the analysis
on the influence of the genotype.

The use of a small sample of data simplifies the research.
However, the sample size is sufficient for statistical analysis
and does not claim to be fully representative of the entire
livestock.

4. 2. Research base

The research was conducted at the breeding plant for
breeding the Sumy intrabreed type of the Ukrainian black-
and-white dairy breed, the State Enterprise “Research Farm
of the Institute of Agriculture of the North-East of NAAS”,
which is located in the Sumy oblast (the village of Sad,
Ukraine).

4. 3. Determination of genotypes by the kappa-ca-
sein genome

Genetic studies were conducted at the laboratory of the
Bogomolets Institute of Physiology of NAS using generally
accepted methodologies. Blood samples were taken from
2.7 ml monovets (“Sarstedt”, Germany) with subsequent
freezing of the samples and their storage at -20 °C. To obtain
DNA from biological samples for the purpose of genotyp-
ing, the appropriate kit for purification of genomic DNA
Monarch® New England BioLab (USA) was used. For allelic
discrimination, the TagMan@Genotyping system and a set of
primers and probes were used [26].

4. 4. Principles to form research groups

Laboratory studies were conducted in the fourth quarter
of 2024 at the interdepartmental laboratories, Faculty of Food
Technologies, Sumy National Agrarian University. In order
to establish the influence of the genotype of cattle according
to the kappa-casein gene on the fermentation process of milk
clots, cow’s milk obtained from cows with different geno-
types was used (Table 1).

For this purpose, 9 milk samples were taken from the
above-mentioned farm during morning milking from cows
with the following genotypes for the kappa-casein gene: AA,
AB, BB. The milk samples were grouped according to the
genotype for the studied gene. Milk samples numbered 1-3
were obtained from animals with the AA genotype, 4-6 with
the AB genotype, and 7-9 with the BB genotype.

Table 1
Examined groups
Sample No. Kappa-casein Cow ID number The name of the cow | Fat content, % C_ontent of firy Protein content, %
genotype skimmed residue
No. 1 AA UA 8013741149 Maklushka 4.54 8.06 2.88
No. 2 AA UA 8014100955 Vorotka 4.24 7.91 2.82
No. 3 AA UA 8014072559 Smolka 3.83 8.09 2.88
No. 4 AB UA 8013741119 Melashka 2.67 8.10 2.87
No. 5 AB UA 8013741133 Estafeta 4.54 8.86 3.17
No. 6 AB UA 8015717535 Volnitsa 5.25 8.64 3.10
No. 7 BB UA 8014072555 Havana 4.69 8.48 3.03
No. 8 BB UA 8015405598 Kubanya 4.69 9.10 3.26
No. 9 BB UA 8015717506 Kukla 4.32 8.75 3.13




4.5. Methodology for determining sample quality
indicators

Experimental studies were conducted in accordance
with current standards, modern, generally accepted meth-
odologies, taking into account requirements [27] and in ac-
cordance with the Procedure for conducting experiments on
animals by scientific institutions [28].

Generally accepted methods for determining physico-
chemical and microbiological indicators were applied. Mass
fraction of fat (%), mass fraction of dry skimmed milk resi-
due (%), mass fraction of protein (%), density (°A) were deter-
mined using an EKOMILK ultrasonic analyzer.

Titrated acidity of samples (°T) was determined by ti-
tration of selected milk samples diluted 1:2 with distilled
water with a 0.1 normal sodium hydroxide solution with the
addition, as an indicator, of a 1% alcoholic solution of triph-
enylmethane dye.

Active acidity (pH) was determined by the Apera Instru-
ments PH8500-DP device according to the standard.

The relative viscosity was determined using a VZ-246
viscometer, by the time of outflow from the nozzle of the
viscometer with a diameter of 5 mm of a thoroughly mixed
product in an amount of 100 cm?, in seconds (s).

The total bacterial inoculation was determined from the
combined sample by the plate method when sowing 1 cm? of
the studied sample on a dense nutrient medium and cultivat-
ing the crops at 30 &+ 1°C for 72 hours.

The most probable number of viable lactococcal
cells (CFU/cm?) in fermented clots was determined by the
method of sowing in liquid nutrient media (sterile skim milk).
The sample of the studied clot was diluted by tenfold dilu-
tions, and the last three dilutions were sown in 2 test tubes
containing 10 cm? of sterilized skim milk, so that the last
dilution did not contain microorganisms. The sown test tubes
were thermostated for 7 days at a temperature of 30 + 1°C.
After the thermostating period, the test tubes were inspected
and marked those in which the milk had coagulated, a nu-
merical characteristic was made, using reference data [29]
the most probable number of viable cells was calculated.

When preparing milk samples for biotechnological process-
ing, cleaning, separation, and pasteurization were carried out
at a temperature of 90 + 2°C with a holding time of 5 min. To
minimize the influence of the fat fraction of milk on the objec-
tivity of the results, it was decided to carry out fermentation of
previously skimmed samples. Skimmed milk was separated by
separating whole milk heated to 41 + 1°C on a Motor Sich-100
separator, twice. Skimmed milk was pasteurized and cooled
to a fermentation temperature of 29 &+ 2°C, bypassing the cool-
ing process. Skimmed milk was fermented at a temperature
of 29 + 2°C with a starter culture of mixed cultures of lactic
acid mesophilic lactococci of the trademark “VIVO-Syr kislo-
mochny”, consisting of cultures of L. Lactis ssp. The starter cul-
ture was introduced in an amount that would ensure an initial
concentration of lactobacilli cells of at least 1 x 105 CFU/cm?3.
The study of the influence of genotype on the growth of lactic
acid mesophilic lactococci was carried out by inoculating milk
samples into tubes with sterilized skim milk immediately after
the end of the fermentation process and on the 3rd, 7th, 10th,
and 14th day of storage. The methodology for conducting the
inoculations was followed. Organoleptic analysis during the
storage of fermented clots consisted of monitoring changes in
the taste, smell, and consistency of the studied samples. The
duration and frequency of control were carried out similarly
to the above-mentioned studies. No scoring was performed.

5. Results of investigating the physicochemical
parameters of raw milk and the process of
fermentation of milk clots

5.1. Results of investigating the physicochemical
parameters of raw milk

Studies of milk samples from cows with different
genotypes of CSN3 kappa-casein prove that samples from
cows with the BB genotype have an advantage in terms of
average fat content and non-fat dry matter of milk. Howev-
er, this difference is statistically insignificant. In terms of
average protein content in milk, milk samples from cows
with the BB genotype prevailed over samples from cows
with the AA genotype by 0.28% (p < 0.05) (Table 2).

Table 2

Chemical characteristics of raw milk from cows with different
genotypes of the CSN3 kappa-casein gene

Chemical indicators (M + m)
Groups by bt ”
genotype | Fat content, % Dry fat-free residue Protein content, %
content
AA 4.20 £ 0.206 8.02 £+ 0.056* 2.86 + 0.020*
AB 4.15 £ 0.769 8.53 £ 0.226 3.05 £ 0.091
BB 4.57 £0.123 8.78 = 0.155 3.14 £ 0.058

Note: *p - significance level according to Student’s t-test: p < 0.05.

Samples from cattle with the BB genotype have higher
average titrated acidity and average milk density (Table 3).
Table 3

Indicators of acidity and density of raw milk from cows with
different genotypes of the kappa-casein gene

Indicator (M + m)
Groups by genotype
Acidity, °T Density, °A pH
AA 18.3 £ 1.333 | 25.8 + 0.328* | 6.63 + 0.020
AB 18.3 +2.028 | 27.9 = 0.503 | 6.59 + 0.084
BB 21.0 £ 1.000 | 28.5 £ 0.626 | 6.49 + 0.062

Note: *p - significance level according to Student’s t-test: p < 0.05.

Samples from cows with the AA genotype were char-
acterized by a higher average active acidity. However, the
difference between the studied samples was not statistically
significant.

5. 2. Results of research on the fermentation pro-
cess of milk clots by mesophilic lactic acid strepto-
cocci

The results show that all experimental samples that were
fermented have an acidity value that corresponds to a dairy
product fermented by mesophilic lactic acid lactococci [24].
The results of the research showed that there were no de-
viations from the technological process parameters when
using raw milk from cows with different CSN3 genotypes.
At the end of fermentation (10 hours), regardless of the gen-
otype of the cattle, the raw milk obtained from them had a
homogeneous curd mass with moderate acidity and viscosi-
ty (Table 4).

After 10 hours of fermentation, the average titrated
acidity in all experimental groups was approximately 74°T.
The average pH value was close to 4.6 in all experimental



groups. Samples from cows with the BB genotype had a
higher average relative viscosity (by 2.6 s), but this differ-
ence was statistically insignificant. According to the results
of microbiological studies, no statistically significant effect
of the CSN3 genotype on the development of lactic acid
microorganisms in raw milk was found. However, samples
from cattle with the AB genotype had a lower number of
lactococci.

Table 4
Characteristics of fermented clots
Grouwsby| g or | g | Relatve |
genotype viscosity, s CFU/cm?
AA 74.0 + 1.53 | 4.59 +0.006 | 25.7 + 1.45 |5.33 + 0.5 x 10°
AB 74.3 + 1.86 | 4.59 +0.030 | 25.7 + 28.5 |3.00 + 0.5 x 10°
BB 74.0 + 2.08 [4.65 + 0.035| 28.3 + 0.88 |5.50 + 0.5 x 10°

Our results indicate that the viscosity of fermented
clots directly depends on the protein content in milk. This
is evidenced by the positive value of the correlation coeffi-

In samples from cows with genotype AA, titrated
acidity increased by 16 °T, in samples from cows with
genotype AB - by 18 °T, in samples from cattle with geno-
type BB - by 17.4 °T. At the same time, the average value
of this indicator at the beginning of the studies and after
three days was higher in samples of cattle with genotype
AA. On the seventh day, samples of cattle with genotype
BB had higher values, on the tenth day — samples of cattle
with genotype AA and on the fourteenth - cattle with
genotype AB. No statistically significant difference was
found.

The level of active acidity also had certain differences
by groups of studied samples. Active acidity decreased
with increasing storage time. Thus, in samples of cattle
with genotype AA it decreased by 0.62, in samples of cattle
with genotype AB and BB - by 0.29 (Table 6).

According to the results, it can be concluded that the
relative viscosity of fermented clots decreases with storage
time.

Table 6

Change in active acidity in the studied fermented samples
during storage, pH

cient between both indicators in all samples regardless of

Groups Storage duration, days
genotype (r = 0.79 £ 0.19) (P < 0.001) (Fig. 1). by
Therefore, it can be assumed that the kappa-casein |genotype 0 3 7 10 14

genotype does not affect the quality of clots fermented

AA 459 £ 0.006|4.59 = 0.006|4.46 + 0.009(4.42 + 0.003| 3.97 £+ 0.327

with lactic acid mesophilic lactococci.

AB  |4.59 £0.030(4.59 £ 0.030(4.46 + 0.027|4.36 £ 0.012| 4.30 £ 0.041

According to the results, it can be concluded that

BB  [4.65 %+ 0.035(4.65 + 0.035|4.49 + 0.023|4.44 £ 0.009| 4.36 + 0.049

during storage of fermented milk products, a change in
titrated and active acidity occurs. It should be noted that
such a trend is permissible when using a culture of meso-
philic lactococci as a starter.
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Fig. 1. Correlation between protein content in raw milk and
viscosity of fermented clots (regardless of genotype)

During the 14 days of research, the titrated acidity of the
studied samples increased unevenly (Table 5).
Table 5

Change in titrated acidity in the studied fermented samples
during storage, °T

Groups by Storage duration, days

genotype 0 3 7 10 14
AA 75.0 £ 2.08|74.0 = 1.53|79.3 £ 0.67|89.0 + 1.53|91.0 & 1.00
AB 74.0 £ 1.00|74.3 = 1.86 | 78.7 £ 2.33|86.7 + 2.03|92.0 & 1.53

BB 73.3 £ 2.03|74.0 £+ 2.08 |80.7 £ 0.8887.0 + 2.00{90.7 £ 2.85

The greatest intensity of the decrease is observed
in samples from cows with the AB genotype — by 12%.
Over the entire observation period, the greatest value of
the studied characteristic is characteristic of samples of
cattle with the BB genotype. During storage, the taste
of the studied samples changes (becomes sourer), which
occurs due to a change in acidity. There are no changes in
smell. When characterizing the consistency of the studied
sample, it is necessary to note its density with a slight
release of whey. The consistency after mixing was homo-
geneous (Table 7).

Table 7

Change in relative viscosity of fermented samples
during storage, s

Groups by Storage duration, days

genotype 0 3 7 10 14
AA 27.0 £0.57|25.7 £ 1.45(26.3 £ 0.88(27.7 £ 1.45|25.0 £ 1.73
AB 28.3 £0.33|25.7 £ 2.85(27.3 £ 2.91|27.0 + 4.36|25.0 £+ 3.60
BB 28.3 £0.88|28.3 +0.88(28.7 + 1.33|29.0 + 2.08|26.0 £+ 1.00

A low degree of syneresis was found in the studied
samples. Samples of clots obtained from milk of cattle with
the BB genotype were distinguished by a higher average
number of viable lactococcal cells over the entire period
of the studies. With increasing storage time, their number
increased (Table 8).

The most intensive growth of lactococcal cells is char-
acteristic of samples from cows with the AB genotype —
by 7%.



Table 8

Change in the number of viable lactococcal cells during storage, CFU /cm3

Groups by genotype Storage duration, days
0 3 7 10 14
AA 8.87 + 0.376 X 10° 9.00 + 0.321 x 10° 9.53 + 0.203 X 10° 9.87 + 0.120 x 10° 9.13 +0.120 X 107
AB 8.97 + 0.233 x 10° 9.40 + 0.416 X 10° 9.83 + 0.437x 10° 10.4 + 0.384 x 10° 9.57 +0.371 x 107
BB 9.47 + 0.441 X 10° 9.80 & 0.361 x 10° 10.4 + 0.393x 10° 10.6 = 0.400 X 10° 9.97 + 0.536 X 107

6. Discussion of results based on determining the
dependence of the technological process on the protein
composition of raw milk

The increased interest of breeders in using the achieve-
ments of molecular genetics makes it possible to create
dairy herds of cattle with an increased protein content
in milk and obtain milk with an increased cheese yield
during its processing. For this purpose, breeding programs
for obtaining cattle with the BB genotype for the CSN3
gene have begun to be implemented at Ukrainian farms.
According to the results of our studies, it was found that
no significant difference in the fat content in milk was
detected in cows with different genotypes for the studied
gene. The absence of such a difference does not agree with
the results reported by other scientists. However, in terms
of the average protein content in milk, milk samples from
cows with the BB genotype prevailed over samples from
cows with the AA genotype by 0.28% (P < 0.05) (Table 2),
which to some extent corresponds to the results by other
researchers [30].

The unexplored question of the influence of the CSN3
gene genotype on the characteristics of milk fermentation,
which is the basis for the production of most dairy products,
was studied. Milk from cows with the BB genotype for the
kappa-casein gene (Table 3) is characterized by higher acidity
and density, lower pH. This indicates its better technological
suitability for the production of fermented milk products.
This is probably due to the increased content of casein, which
is responsible for the formation of a clot during fermentation.
Similar results are reported in [5]. This confirms the hypoth-
esis of the influence of the CSN3 genotype on the technolog-
ical properties of milk. In contrast, paper [19] indicates the
influence of different milk protein genotypes on the titrated
and active acidity of the dairy product, no significant differ-
ence was established. The results given in Table 4 confirm
the high technological quality of BB-genotype milk for the
production of fermented products, which is consistent with
the hypothesis of our study. It was found (Fig. 1) that the
viscosity of fermented clots is directly proportional to the
protein content in milk, which is consistent with previous
studies [3].

The results of our research showed that milk obtained
from cows, regardless of the genotype of the CSN3 gene, is
suitable for the production of dairy products when using
mesophilic lactic acid lactococcal starter. The absence of a
statistically significant difference in the studied indicators
between dairy raw materials from cows with different geno-
types for the kappa-casein gene allows us to state that it does
not affect the characteristics of milk fermentation.

The results of the study are limited to one type of starter,
although other starters may react to the protein composition
of milk differently, as well as to one breed, which requires

continued research with the inclusion of other dairy breeds.
Further development of this area of research may include
other genes associated with the quantitative and qualitative
characteristics of milk.

7. Conclusions

1. Based on our theoretical and experimental studies, it
was found that all groups of samples of the studied milk are
suitable for biotechnological treatment with mixed cultures
of mesophilic lactic acid bacteria. According to the results
of the study on the physicochemical properties of milk, cows
with the BB genotype had higher average values of fat con-
tent — 4.57 &+ 0.123%, non-fat dry residue - 8.78 + 0.155%, and
protein - 3.14 + 0.058%, compared with cattle with the AA
genotype (4.20 + 0.206%, 8.02 + 0.056%, 2.86 + 0.020%, re-
spectively). The difference in protein content was statistically
significant: milk of cattle with the BB genotype exceeded
milk of cows with the AA genotype by 0.28% (p < 0.05).
Milk from cows with the BB genotype also had higher ti-
trated acidity (21.0 + 1.00 °T) and density (28.5 £ 0.626 °A),
which exceeded the corresponding indicators in the AA
group (18.3 &+ 1.33 °T and 25.8 & 0.328 °A). At the same time,
active acidity (pH) was slightly higher in cows with the AA
genotype - 6.63 + 0.020, but this difference was not statisti-
cally significant.

2. Production of fermented milk products from the
studied milk using L. Lactis ssp cultures can be imple-
mented according to the general technological scheme of
production and does not require adjustment of the values
of technological parameters. The results of our studies
showed that fermented milk raw materials from cows with
different CSN3 genotypes had similar quality characteris-
tics, corresponding to the parameters of products fermented
with mesophilic lactic acid lactococci. After 10 hours of
fermentation, the average titrated acidity of all samples was
approximately 74 °T, pH - about 4.6. The highest relative
viscosity was observed in the curd from the BB genotype
milk (28.3 + 0.88 s), which correlates with a higher protein
content (r =0.79; p < 0.001). During 14 days of storage, a
gradual increase in titrated acidity (up to 91-92 °T) and a
decrease in pH (up to 3.97-4.36) were noted, which caused
an increase in the acidity of the product. The smallest
decrease in viscosity was observed in samples of the BB
genotype, where it remained the highest - 26.0 = 1.00s
on the 14th day. The consistency of all samples was dense,
homogeneous after mixing, with insignificant whey release.
In samples of the BB genotype, the largest number of viable
lactococcal cells was also recorded throughout the entire
observation period - up to 10.6 x 10° CFU/cm?>. At the same
time, the CSN3 genotype had no statistically significant ef-
fect on the growth of lactococci or acidity stability.
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