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Abstract. This article deals with the process of obtaining quality raw
milk by analyzing its lipid composition. The lipid composition of raw
milk depends on many factors, among which, first of all, is the species,
the composition of the diet and the physiological state of the mammary
gland. In recent years, a large amount of data has accumulated on the
fluctuations of certain lipid parameters of milk depending on the type,
age, lactation, diet, time of year, exercise, animal husbandry technology,
physiological state of the lactating organism in general and the mammary
gland in particular. Factors of regulation of fatty acid composition of raw
milk: genetically determined parameters of quality and safety; fatty acid
composition of the diet; synthesis of fatty acids by microorganisms of the
digestive tract; synthesis of fatty acids in the mammary gland,;
physiological state of the mammary gland. The milk of each species of
productive animals has its own specific lipid profile and is used in the
formulation of certain dairy products to obtain the planned technological
and nutritional parameters. Diagnosis of productive animals for
subclinical mastitis involves the use of auxiliary (thermometry,
thermography, electrical conductivity) and laboratory research methods:
counting the number of somatic cells; use of specialized tests;
microbiological studies of milk; biochemical studies of milk. The
biochemical component in the diagnosis of subclinical forms of mastitis
is underestimated. An increase in body temperature implies an increase in
the intensity of heat release during the oxidation of substrates, sometimes
due to a decrease in the intensity of synthesis of energy-intensive
compounds. There are simply no other sources of energy in the body. The
situation is the same with certain parts of the metabolism, which are
aimed at the development of protective reactions to the etiological factor
aimed at the defeat of the mammary gland. That is why the biochemical
composition of mammary gland secretion in the absence of clinical signs
of mastitis undergoes biochemical changes and the task of scientists is to
develop mechanisms for clear tracking of such changes, identification of
animals with subclinical forms of mastitis and effective treatment.

Key words: milk, lipids, subclinical mastitis, fatty acid composition.

(leukocytes, epithelial and stem cells, potentially

Introduction. Formulation of the problem

The impact of milk and dairy products on

probiotic bacteria) [3].
According to recent studies on the priorities of the

human health is as complex as it is diverse [1]. It is
believed that the introduction of milk and cheese
production in early European nations helped reduce
infant mortality and helped stimulate population
growth [2]. Despite the difference in the
composition of the secretion of the breast in
different species of mammals, the main components
of milk are common to all lactating organisms.
Functionally  distinguish ~ between food and
biologically active components of milk. The latter
are growth factors, immune defense and cells

XapuoBa Hayka i Texrosorist / Food science and technology

population in choosing from the range of drinking milk
in retail chains for consumption, the main criteria are
clarified, from the most significant to the least
significant: price, fat content, shelf life, labeling of
milk (regular, organic, local) [4]. However, all these
factors do not in any way relate to the safety indicators
of product consumption [5-9], which must be
guaranteed by the state. Therefore, the procurement
and use of quality raw milk is the main guarantee in
obtaining safe dairy products of high quality. With the
manifestations of various breast diseases, more or less
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everything is clear, milk from cows with clinical
manifestations of breast diseases is not allowed for
further use.

Milk is the first life-giving fluid that a newborn
consumes, and it depends on its physical and chemical
composition, whether the body will be able to adapt to
autonomous existence or not. Man has long used raw
milk to obtain various dairy products, setting different
quality and safety criteria for its evaluation, and in the
first place, obtaining raw materials from a clinically
healthy animal. However, in production there is a
question of getting into the processing of milk from
animals with subclinical form of mastitis (no
symptoms).

The aim of this review article is an analysis of
lipid th composition of raw milk farm animal, its
physiological,  biochemical and  technological
significance and possible prognostic value content of
individual fatty acids in mammary gland secretions in
detecting subclinical mastitis in lactating organisms.

Analysis of recent research and publications

Lipid composition of raw milk of productive
animals and dairy products, their physiological
significance

The main milk components that affect human
health are lipids, proteins (whey and casein), mineral
elements (calcium, magnesium, sodium, phosphorus,
etc.) and membrane components — milk fat globules.
Dairy products are heterogeneous in content of these
components, as well as in their physical structure.
Thus, goat's milk contains a large amount of short-
chain fatty acids, which facilitates digestion. Sheep's
milk is characterized by a higher total content of solids,
fat, protein and caseins, but also more minerals and
vitamins compared to cow's and sheep's milk. The
structures of micelles in goat's and sheep's milk differ
in average diameter, hydration and mineralization from
the structures of cow's milk [10].

Milk lipids are an extremely important component
that provides the development of membrane
ultrastructures of cells of growing organisms, the
synthesis of biologically active substances and the
production of large amounts of metabolic energy. In
fact, due to its properties in milk, there are more than
400 different fatty acids [11]. They are present in milk:
with an even and odd number of carbon atoms; cis -
and trans - isomers; short -, medium - and long - chain;
with a straight and branched chain; saturated,
monounsaturated and polyunsaturated [12].

Lipids in mammary gland milk provide most of
the energy for newborn and are important components
in the development of growing cells. More than 200
fatty acids are found in mammary gland milk;
however, many of them are present in very low
concentrations, with others dominating, for example,
oleic acid is 30-40 g / 100 g of fat in mammary gland
milk. The synthesis of fatty acids de novo is
approximately 17% of the total fat in mammary gland
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milk [13]. Fatty acids are integral parts of cell
membranes, can act as signaling molecules, modulators
of the immune response and create a favorable
microenvironment for the gastrointestinal
microbiota [14]. Most research is to multiply
polyunsaturated fatty acids (LCPUFA) and their
metabolites, signaling pathways that regulate pain,
light ting, thrombosis and vasoconstriction [15].

It is established that the milk of each species of
productive animals has its own specific profile of fatty
acid composition of milk, in particular, camel milk
contains the lowest levels of C4:0-C12:0 and the
highest levels of unsaturated fatty acids. Goat's milk is
characterized by the highest level of C8:0-C14:0 fatty
acids. Characteristic differences were also observed for
yak and buffalo milk, which differed from cow's milk
by a higher level of saturated fatty acids and a lower
content of polyunsaturated fatty acids [16]. There are
quite a number of factors that affect the fatty acid
composition of raw milk (diet; seasonal fluctuations;
technology of keeping animals; individual, breed and
species characteristics; lactation; milk yield; exercise;
physiological condition, etc.) [17, 18].

Nutritional guidelines generally encourage low
intake of saturated fats, suggest consumption of ®-3
polyunsaturated fatty acids and avoid trans fats and
partially hydrated fat (but not from ruminants) to
strengthen the cardiovascular system [19].

Some researchers believe that the focus on the
milk matrix (the product as a whole), rather than on
individual nutrients contained in the dairy product,
allows a more complete study of their impact on health
and prevent some negative effects on milk and dairy
products [20].

The behavior of lactating organisms, exercise,
intensity and time of grazing, can also affect the
quality of breast secretions [21]. Thus, a 6-kilometer
walk (1.5 hours) of dairy cattle helps to reduce milk
yield by 1 Kkg/milking, while their short-term
transportation (10.5 km, 1 hour) does not significantly
affect the amount of milk vyield, although the fat
content in milk in both cases underwent changes [22].
Despite the number of different manipulations with the
diet of dairy animals to correct the fatty acid
composition of milk and increase its biological value,
lactating organisms always have a biological
mechanism that ensures complete milk production
regardless of most dietary manipulations, although the
melting point of milk fat can vary [23]. At the same
time, there is the concept of milk obtained from cows
that were not fed silage - "Haymilk". This milk is most
suitable for making cheese and is the result of seasonal
feeding of animals with hay in winter and mainly green
mass (summer) and its quality is regulated [24,25].
Feeding hay and fresh grass and green mass promotes
an increase in the concentration of long-chain
polyunsaturated fatty acids and a decrease in short- and
medium-chain fatty acids in the milk of dairy cows
[26,27].
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Significantly different content of fatty acids with odd
chains (C15:0, C17:0, C17:1) was reported in samples of
milk and cheese from pastures of different botanical
composition, which contributed to the development of
protection mechanisms for the production of typical dairy
products [28]. Lipids present in food can be oxidized or
hydrolyzed, however, the oxidation of lipids in cheese is
not significant, possibly due to its low redox potential
(-250 mV) [29, 30].

Available lipolytic enzymes in cheese come from
various sources: milk; rennet enzymes;
microorganisms of different origin; exogenous lipase
preparations. Cow's milk contains 10-20 nmol lipase /
I, but yeast bacteria are a major factor in lipolysis,
which occurs during maturation in most types of
cheese made from pasteurized milk [30]. In the process
of cheese production, microorganisms change the fatty
acid composition of polar lipids, which has a positive
effect on the prevention of thrombosis in humans [31].
It has been found that lipids from aged cheeses are
better absorbed in the digestive tract than soft cheeses,
and there is even some difference depending on the
species origin of raw milk. Thus, lipids from fresh goat
and aged cheeses were better absorbed than from fresh
cow and soft cheeses [32]. The fatty acid composition
of cheeses may change during storage. Thus, after
21 days of storage of smoked cheeses, there was a
significant and constant decrease (up to the 69th day)
in the proportion of fatty acids with an odd number of
carbon atoms in the chain, with a branched chain and
polyunsaturated fatty acids. The content of conjugated
linoleic acids and the ratio of fatty acids n6 to n3
decreased (by 47% on the 69th day of storage) [33].

Galactomyces geotrichum is a natural microflora
of dairy products and can be used to enrich food /
cheese with omega-3 deficient lipids [34].

Lipids in milk have a concentration of 99 ¢/l in
sheep's milk to 33 g/l in cow's milk [35]. The lipid
composition of raw milk is not really homogeneous [36].
Researchers have identified about 514 substances of lipid
nature, belonging to 15 classes, including: more than 60
varieties for the classes of phosphatidylcholine,

phosphatidylinositol, phosphatidylserine and
sphingomyelin; from 20 to 45 varieties for
phosphatidylethanolamine,  phosphatidic  acid  and
lactosylceramide and 20 varieties for
phosphatidylglycerol, lyso-phosphatidylcholine, lyso-

phosphatidylethanolamine,
plasmalogen and ganglioside [37].
The lipid part of cow's milk consists mainly of
triglycerols (98%), diacylglycerols (2%), non-esterified
and esterified cholesterol (<0.5%), phospholipids (1%)
and free fatty acids (0.1%) [38]. In cattle milk,
triacylglycerols also make up the largest proportion of
milk lipids, including large amounts of esterified fatty
acids. The five fatty acids (C10:0, C14:0, C16:0, C18:0

glucosylceramide,
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and C18:1) account for > 75% of the total in goat's and
sheep's milk. Levels of short-chain and medium-chain
fatty acids, kapron (C6:0) (2.9%, 2.4%, 1.6%), caprylic
(C8:0) (2.6%, 2.7%, 1.3 %), capric (C10:0) (7.8%,
10.0%, 3.0%) and lauric (C12:0) (4.4%, 5.0%, 3.1%)
are significantly higher in sheep and goats than in
cow's milk, respectively [39, 10]. This actually
explains the difference in the fatty acid composition of
cheeses made from the milk of different species of
productive animals [40].

The possibility of using the results of the study of
the fatty acid composition of milk to create a
prognostic model is quite problematic due to the
influence of several significant factors:1) the inability
to adequately characterize the components of the diet
by fatty acid composition; 2) low level of detection of
certain fatty acids in milk; 3) the formation of different
fatty acids of one peak on the chromatogram;
4) selective characterization of the fatty acid
composition of milk only by the content of those acids
that are present in milk fat in significant
quantities [41]. The biological significance of milk
fatty acids is presented in Fig. 1.

It is known that there are 2 main ways of synthesis
of fatty acids of milk with an even number of carbon
atoms in the chain. The first is saturated fatty acids
from C4:0 to C 14:0 and about half of C16:0 is
synthesized de novo in the mammary gland from short-
chain acids. Acetate and butyric acid, in turn, are
formed in the pancreas of ruminants and monogastric
intestines by bacterial fermentation of dietary
components. Secondly, the rest of C16: 0 and almost
all long-chain fatty acids are extracted from dietary
lipids, absorbed in the small intestine by lipolysis of
triacylglycerols of adipose tissue [46]. The microsomal
fraction of ruminant mammary gland tissue is able to
convert stearate (C18:0) to oleic (C18:l) and palmitic
(C16:0) to palmitoleic in (C16:1), but does not affect
C14:0 or C12:0 acid.

Unlike monogastric mammals, rumen
microorganisms are the largest microbial group in the
digestive tract of ruminants, their biological activity
provides the formation of a large number of short-
chain fatty acids (acetate, butyrate, propionate) [47].

Of the five short-chain fatty acids (formic, acetic,
propionic, butyric, valeric) in samples of human milk
were detected only formic, acetic, butyric, whereas
propionate and valerate were not detected in any and
the samples [48].

Today, there are two main sources of medium-
chain fatty acids in the diet - milk and coconut oil. The
presence of these acids in the diets of animals has a
positive effect on health, productivity, digestibility of
dietary components, growth of muscle and adipose
tissue, and they also have antibacterial, anticoccidial
and antiviral effects [49,50].

Volume 15 Issue 2/ 2021



Ximis xap4osux npodykmie i mamepianie. Hoei eudu cuposuru / Chemistry of food products and materials. New raw materials

Short-chain fatty
acids

(C1:0 - C5:0 )

Medium chain fatty
acids

(C6:0 - C12:0)

cell lines)

Long-chain fatty acids

*metabolites of microbial decomposition of fiber in the digestive tract

s important sources of energy of the host, including for the synthesis of
milk components in the mammary glands

* G-protein-coupled receptor signaling molecules (FFAR2, FFAR3,
OLFR78, GPR109A) and as epigenetic regulators of gene expression by
inhibiting histone deacetylase

«acetate reduces the risk of respiratory symptoms in young children

* propionate protects against allergic respiratory diseases in mice

= regulate the physiological activity of the cellular immune system.

=affect the composition of the intestinal microbiota
*provide energy needs and stimulate muscle growth
=affect hepatic metabolism

sinduction of apoptosis / necrosis by stearic acid (excluding breast cancer

*apoptosis-inhibiting effect of oleic acid

anticancer effect on cancer cells

*hydroxy fatty acids, which inhibit the growth of cancer cells and can
mhibit B-cell apoptosis, are present in milk.

Fig. 1. Biological significance of milk fatty acids [42-45].

Medium- chain fatty acids of milk fat (caproic,
C6:0; caprylic, C8:0; capric C10:0; lauric, C12:0), due
to their relatively low molecular weight and size are
more soluble in water and biological fluids than long-
chain fatty acids, so they are better transported and
able to regulate energy metabolism in humans and
stimulate the growth of muscle tissue [51]. They can
also improve intestinal development after the end of
the suckling period of mammalian development [52].
Since the cells of the intestinal epithelium are the main
place of absorption of nutrients, providing a sufficient
level of medium- chain fatty acids significantly
improves the growth and development of the
body [42,53,54].

It is interesting to note that the addition of
monoacylglycerols (C6 - C18) to the milk substitute in
the diet has a beneficial effect on the health of calves
and scar function, which reduces the need for antibiotic
treatment [55]. A similar pattern is observed in meeting
the needs of premature infants in short-chain and
medium- chain fatty acids. Detected in the milk of their
mothers, the content of these acids is much lower [56].
That is why medium-chain triacylglycerols are widely
used in infant formulas to meet the needs of medium-
chain fatty acids for infants with special requirements
for fat absorption [57].
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With a static model of digestion in vitro
for newborn, consisting of the stomach and duodenum,
studied and analyzed the release of some free fatty
acids in human milk consumptionas well and
children's village in Misha. In the gastric phase of
digestion, 4-11% of lipolysis occurred, and
mainly short-chain fatty acids and medium -chain fatty
acids were released. In the duodenal
phase, lipolysis proceeded with the release of C4:0, but
was characterized by rapid release of long-chain fatty
acids [58].

Fatty acids with an odd number of carbon atoms
and a branched chain in milk fat are largely of bacterial
origin. In the milk of dairy cows, isomers of
tetradecanoic (iso C14: 0), pentadecanoic (C15:0, iso
C15:0 and anteiso C15:0), hexadecanoic acid (iso C16:
0) and heptadecanoic acid (C17:0, iso C17:0 and
anteiso C17:0) are detected.

Thus, in camel's milk, eleven fatty acids with
branched chains have been identified, which mainly
belong to C15:0, anteiso -C15:0, anteiso -C17:0 and
C17:0 [60].

The presence of the families of oxostearic acids
(OSA) and oxopalmitic acids (OPA) in the milk of
ruminants was revealed. 80SA, 90SA, 70SA, 100SA
and 100PA have been found to be the most common
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SOFAs in cow's and goat's milk. Higher SOFAs were
found in cow's milk compared to goat's milk [61].

About 70% of the lactic acid fatty acids in
Swedish milk from dairy cows are saturated, of which
about 11% consist of short-chain fatty acids, almost
half of which are butyric acid. Approximately 25% of
fatty acids in milk are monounsaturated and 2,3% are
polyunsaturated with an omega-6 / omega-3 ratio of
about 2,3. Approximately 2,7% are trans fatty
acids [11]. Some fatty acids present in milk fat, such as
butyric acid (C4:0), oleic acid, n-3 and n-6
polyunsaturated fatty acids, trans-vaccine acid (trans11
C18:1) and conjugated linoleic acid cis 9-trans 11
C18:2 potentially have a positive effect on human
health [62]. Cis-9, trans-11 isomer is the main among
the open isomers of conjugated linoleic acids of
ruminant milk (80-90%). By changing the components
of the diet, the ratio of isomers can be adjusted, for
example, by increasing the percentage of trans-10, cis-
12 acid [63].

In the case of dairy products (cheeses or fermented
beverages) the level of conjugated linoleic acid is
significantly affected not only by the composition of
the diet of animals, the activity of the scar
ecosystem and the physiological state of the mammary
gland but also the conditions arising during
transportation and manufacture of dairy products.
features of production, activity of added yeasts, etc.)
[64-66].

The stability of quality and safety of raw milk is of
paramount importance for the dairy industry. Free fatty
acids are mainly formed in dairy products by
enzymatic cleavage of glycerols due to the action of
lipases of various origins. The content of free fatty
acids in milk is low, but may be significant in some
dairy products. Free fatty acids, especially short-chain,
have low taste thresholds and provide a characteristic
taste of fermented dairy products, especially
cheese [67,35]. Free fatty acids also affect the
technological suitability of raw milk for processing, as
they affect its surface tension and foaming ability [68].

However, elevated levels of C4:0 are also a cause
of rancidity in milk and other dairy products. The bitter
taste, as a rule, becomes unacceptable for the
consumer [69]. It is also shown that the intensity of
lipolysis in cheeses made from raw sheep's milk is
influenced by both its lipid composition and the time of
year (winter, spring and summer) [67].

As can be seen from Figure 2, genetically
determined parameters of quality and safety of raw
milk are key in its suitability for consumption and
processing. Their characteristics significantly affect
both the profitability of dairy production and the
number of animals involved in ensuring its stability.
Another key position in the regulation of the fatty acid
composition of dairy cows is the fatty acid composition
of feed and the intensity of synthesis [70-73].

Genetically determined parameters of
quality and safety of raw milk

Fatty acid composition of the diet

Synthesis of fatty acids by microorganisms
of the digestive tract

Fatty acid synthesis in the mammary gland.

Physiological condition of the mammary gland

Fig. 2. Factors of regulation of fatty acid composition of raw milk

It should be noted that the high level of heredity of
indicators is more characteristic of the content of
lactose and protein in the milk of dairy cows, while
moderate values were obtained for milk fat, saturated
fatty acids and palmitic acid. Of course, these
indicators also depend on the number of lactations, the
day of lactation and the level of productivity of the
animal [74]. On the other hand, at least for sheep of the
Ukrainian mountain Carpathian breed, the fatty acid
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composition of the obtained milk significantly
depended on the zone of their grazing (lowland and
foothill zones of the Transcarpathian region of
Ukraine) [75]. Sheep respond more effectively than
goats to grazing and changing the diet to correct the
content of cis-9, trans-11 conjugated linoleic and a-
linolenic acids in their milk [76].

The consumption of milk fat has recently been
criticized for its high concentration of saturated fatty
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acids, low content of monounsaturated and
polyunsaturated fatty acids. Therefore, despite the
relatively low level of genetic influence, some researchers
are working to improve using breeding methods [77].

As for the presence of fatty acids from C6 to C12,
it was found that they have a higher metabolic
availability compared to long-chain fatty acids. In
particular, C8:0 in hepatocytes is relatively rapidly
oxidized to acetyl- CoA and assimilated into ketone
bodies, intermediates of the citrate cycle [78].

Council Regulation (EC) No 1234/2007 of 1994
and Commission Regulation (EC) Ne 445/2007
establish standards for fatty oils, including functional
fats and spreads. They determine fat by different
categories: butter, margarine and blends. Greases that
can be lubricated are standardized and classified by fat
content and origin (dairy / non-dairy, vegetable /
animal). Non-greasy fats are products with a fat
content of at least 10% but less than 90% by weight,
which remain solid at room temperature.

In order to determine the probable negative /
positive impact of milk fat components on the

physiological state and human health, about
12 different indices have been developed and
proposed for use, only there are four desaturation
indices [17, 79-88].

Subclinical mastitis and lipid composition

Acute problem is mastitis in lactating animals, in
particular cattle. In the development of these drugs,
staphylococcus is one of the leading etiological factors,
along with Escherichia coli, Salmonella, Yersinia,
Klebsiella, Proteus, etc. [89]. Microorganisms that
cause the development of the breast can be involved in
lactating responsibility with food / food and,
subsequently, come into contact with milk, among
others - and antibiotic-resistant microorganisms [90,
91]. In production, there is a very high risk of costs in
the total capacity of milk from animals with subclinical
form of mastitis, which does not threaten the spread of
dangerous microorganisms (Fig. 3). After all, neither
the operator of the public hall, nor a specialist in
veterinary medicine for external signs that can not
determine the presence of this pathology. This can be
done using various auxiliary methods [92].

Examination of the
udder, palpation,
organoleptics of its
secretion (color, smell,
texture, homogeneity)

Anamnesis, temperature,
pulse, respiration.

Conducting a diagnostic
test of milk for
subclinical mastitis,
microbiological studies.

Subclinical mastitis

Fig. 3. Diagnosing subclinical mastitis

The Fig. 3 shows the main means of differential
diagnosis of subclinical forms of mastitis. Moreover, for
the final diagnosis of subclinical mastitis in a lactating
organism, only laboratory diagnostic approaches with the
use of specialized equipment and diagnostic tests can be
used. Therefore, monitoring the possible emergence of
farm animals subclinical mastitis is a form of claim
ershocherhovyh tasks manufacturer [93].

There are several explanations for this. First, the
detection of mastitis at an early stage significantly
reduces the cost of treatment and prevention measures
and allows to ensure a stable process of dairy
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production. Therefore, studies of productive animals
for subclinical mastitis should be performed at regular
intervals. The situation is developing differently in
different countries of the world. In this way, if in
Finland there is an improvement, in India - vice versa.
According to some authors, in recent years the
incidence of mastitis in India has increased from 20%
to 50% with a high prevalence in winter (36%),
compared to other periods of the year (10-28%) [94].
In developed countries, systems for monitoring the
health and accounting of milk from dairy herds have
been developed [95].
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Auxiliary methods

(thermometry,

thermography, electrical
conductivity, blood and

urine tests)

Specialized
milk tests
for mastitis

Quantity
of somatic
cells

Microbiological
research

Biochemical
research

Subclinical
mastitis

Fig. 4. Main and auxiliary factors of diagnosis of subclinical mastitis [99]

The prevalence of subclinical forms of mastitis in
women of developed countries in the first month of
lactation can reach 35.4% [96]. Moreover, this pathology
may precede the manifestations of the classic symptoms
of mastitis However, the low incidence of clinical mastitis
indicates that in most cases the immune response can
reduce the likelihood of pathology in women [97].
Clinical forms of mastitis can lead to partial or complete
loss of secretory activity with possible subsequent atrophy
of the mammary gland.

There are several approaches to the principle s
diagnosis of subclinical mastitis (Fig. 4). Some involve
monitoring the number of somatic cells in milk [98],
determining the conductivity and use specialized tests
for mastitis, and others - rumen temperature
measurement in real time using a swallowed biosensor
[100] or infrared udder thermography [101]. There are
also publications on the diagnosis of mastitis by
urinary metabolites in lactating organisms [102],
although in our opinion, with productive animals, this
approach is somewhat more methodologically
complex.

There are two main approaches to the study of
mammary gland secretion for suitability for
consumption. The first is, of course, microbiological,
radiological and chemical studies, which close the
question of the safety of product consumption [103].

The second is biochemical, which indicates
potential changes in milk parameters during lactation
with the mammary gland affected by the subclinical
form of mastitis. In our opinion, the biochemical
component in the diagnosis of subclinical forms of
mastitis is somewhat underestimated. The fact is that
inflammation of the mammary gland (except for the
acute form) never occurs immediately. The clinical
signs of the disease are preceded by gradual changes in
the metabolic activity of the cells. Thus, an increase in
temperature implies an increase in the intensity of heat
release during the oxidation of substrates, sometimes
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due to a decrease in the intensity of synthesis of
energy-intensive compounds. There are simply no
other sources of energy in the body. The situation is the
same with certain parts of the metabolism, which are
aimed at the development of protective reactions to the
etiological factor aimed at the defeat of the mammary
gland. In any case, it is the cost of energy and
metabolites to trigger compensatory reactions and
maintain homeostasis parameters. It sa cut is the secret
of mammary gland cancer in the absence of cells
inichnyh signs of mastitis course undergo biochemical
changes. The aim of the scientists is to develop
mechanisms for clear monitoring of such changes,
identification of animals with subclinical forms of
mastitis and effective treatment.

There are a large number of studies on changes in
the composition of milk in subclinical mastitis
(changes in protein composition; concentration of
biologically active substances, cytokines, interleukins,
lactose, fatty acids, calcium, phosphorus, potassium
and others) [104-106].

The microbiological ecosystem in the udder of
dairy cows directly affects the taste and quality of
milk, however, in conditions of subclinical mastitis, it
undergoes significant changes, which are also
accompanied by some changes in the chemical
composition of milk. Several typical metabolites were
highly correlated with the quantitative content of
specific ~ bacteria  in  ruminants, such as
Streptococcaceae, Lachnospiraceae, Lactobacillaceae,
and Corynebacteriaceae, demonstrating functional
correlations between the milk microbiome and related
metabolites [107].

It has also been shown that antibiotic treatment of
mastitis in cows can affect the chemical composition of
milk [108]. As early as the 1980s, it was found that the
fatty acid composition of milk from cows with mastitis
can differ significantly from that in healthy
animals [109].

Volume 15 Issue 2/ 2021



Ximis xap4osux npodyxkmis i mamepianie. Hosi sudu cuposuru / Chemistry of food products and materials. New raw materials

Some researchers emphasize that mastitis in milk
may increase the content of polyunsaturated fatty
acids, mainly linoleic acid, and a change in the
intensity of oxylipid synthesis in the direction of
activation of the lipoxygenase pathway and
cytochrome P450 [110].

Thus, in cows with mastitis caused by Escherichia
coli, the lipid composition of milk changed only 48—
72 hours after induction of mastitis. Concentrations of
short-chain fatty acids began to change in the direction
of increase after +6 days after induction of mastitis
against the background of relatively stable values of
C16: 0 and C18: 0 and a decrease in the content of
long-chain unsaturated fatty acids [111].

It is the latent form of mastitis that causes huge
economic losses to farmers. Subclinical mastitis is an
asymptomatic, inflammatory condition of the lactating
breast, it is characteristic of all mammalian species.
Moreover, under conditions of subclinical mastitis, a
decrease in the total content of fatty acids in milk
(saturated, monounsaturated and polyunsaturated fatty
acids) was found. However, the percentage of saturated
fatty acids and monounsaturated fatty acids in the
mammary gland secretion of sick animals was higher
than in regular milk [112]. Due to the fact that the
presence of subclinical mastitis in productive animals
can be detected only with the use of special research
methods, there is a risk that such milk can often be
processed. Scientists have long set themselves the goal
of developing integrated indicators of quality and
safety of raw milk, which with a high probability can
confirm or deny the probable course of the disease.

In recent years, the literature describes research on the
development of prognostic models of mastitis [113-116].

Different systems are evaluated differently based
on the number of somatic cells, features of amino acid
metabolism [117], urinary metabolites (acylcarnitines,

phosphatidylcholines, amino acids and biogenic
amines) [118], lactose concentrations in milk [119].

The use of fatty acid composition of raw milk for
diagnostic purposes is quite promising, because the
exclusion of the use of raw materials with altered fatty
acid composition will not only potentially preserve the
health of consumers, but also allow to obtain dairy
products with predicted high quality.

Conclusion

The fatty acid composition of raw milk depends on
many factors, among which are the following:
genetically determined parameters of quality and safety
of raw milk; fatty acid composition of the diet;
synthesis of fatty acids by microorganisms of the
digestive tract; synthesis of fatty acids in the breast;
physiological condition of the animal in general, and
the breast in particular. Therefore, if you comply with
certain requirements for feeding, keeping and breeding
lactating cows, you can ensure a stable supply of
quality raw milk. However, subclinical mastitis in
dairy animals, in addition to the fact that they are
difficult to diagnose (only routine diagnostic
activities), due to the defeat of the breast can change
the composition of milk, including fatty acids. In order
to prevent milk from animals with subclinical mastitis
for further processing, it is proposed to determine its
fatty acid composition, because the change in
metabolic rate in mastitis affects the secretory activity
of the gland and its secretion.

Thus, the lipid composition of raw milk and, in
particular, the concentration of certain fatty acids is
one of the determining factors indicating the dietary
value of dairy products and may serve as one of the
additional criteria for establishing the subclinical form
of mastitis in productive animals.

References:
1.  Truchet S, Honvo-Houéto E. Physiology of milk secretion. Best Practice & Research Clinical Endocrinology & Metabolism.

2017;31(4):367-384. https://doi.org/10.1016/j.beem.2017.10.008

2. McClure SB, Magill C, Podrug E, Moore AM, Harper TK, Culleton et al. Fatty acid specific 313C values reveal earliest Mediterranean
cheese production 7,200 years ago. PloS ONE. 2018;13(9):e0202807. https://doi.org/10.1371/journal.pone.0202807
3. Witkowska-Zimny M, Kaminska-El-Hassan E. Cells of human breast milk. Cellular & molecular biology letters. 2017;22(1):1-11.

https://doi.org/10.1186/s11658-017-0042-4

4. Harwood WS, Drake MA. Validation of fluid milk consumer segments using qualitative multivariate analysis. Journal of Dairy Science.

2020;103(11):10036-10047. https://doi.org/10.3168/jds.2019-17797

5. Ushkalov V, Danchuk V, Midyk S, Voloshchuk N, Danchuk O. Mycotoxins in milk and in dairy products. Food science and technology.

2020;14(3):137-149. https://doi.org/10.15673/fst.v14i3.1786

6. Bayer OV, Kaminska OV, Bondarets OV, Yaremchuk OS, Skoromna OI, Midyk SV et al. Evaluation of Ultra-High-Performance Liquid
Chromatography Tandem Mass Spectrometry for Determination of Avermectin Residues in Milk. Ukrainian Journal of Ecology.

2019;9(4):521-526. https://doi.org/10.15421/2019_784

7. Voitsitskiy VM, Danchuk VV, Ushkalov VO, Midyk SV, Kepple OYu, Danchuk OV et al. Migration of antibiotics residual quantities in
aquatic ecosystems. Ukrainian Journal of Ecology. 2019;9(3):280-286. https://doi.org/10.15421/2019 742

8.  Bayer EV, Novozhitskaya YuN, Shevchenko LV, Mykhalska VM. Determination of the content of antibiotics and sulfanilamide drugs in
milk by screening method. Ukrainian Journal of Ecology. 2017;7(4):576-582. https://doi.org/10.15421/2017_163

9.  Bayer EV, Novozhitskaya YuN, Shevchenko LV, Mykhalska VM. Monitoring of residues of veterinary preparations in food products.
Ukrainian Journal of Ecology. 2017;7(3):251-257. https://doi.org/10.15421/2017_76

10. Park YW, Juarez M, Ramos M, Haenlein GFW. Physico-chemical characteristics of goat and sheep milk. Small ruminant research.
2007;68(1-2):88-113. https://doi.org/10.1016/j.smallrumres.2006.09.013

11. Mansson HL. Fatty acids in bovine milk fat fatty acids in bovine milk fat. Food & Nutrition Research. 2008;52:1-3.

https://doi.org/10.3402/fnr.v52i0.1821

12. Gantner V, Miji¢ P, Baban M, Skrti¢ Z, Turalija A. The overall and fat composition of milk of various species. Mljekarstvo.
2015;65(4):223-231. https://doi.org/10.15567/mljekarstvo.2015.0401

XapuoBa Hayka i Texrostorist / Food science and technology

Volume 15 Issue 2/ 2021


https://doi.org/10.1016/j.beem.2017.10.008
https://doi.org/10.1371/journal.pone.0202807
https://doi.org/10.1186/s11658-017-0042-4
https://doi.org/10.15673/fst.v14i3.1786
https://doi.org/10.15421/2019_742
https://doi.org/10.15421/2017_76
https://doi.org/10.1016/j.smallrumres.2006.09.013
https://doi.org/10.3402/fnr.v52i0.1821
https://doi.org/10.15567/mljekarstvo.2015.0401

Ximiss xap4osux npodyxkmie i mamepianie. Hosi sudu cuposuru / Chemistry of food products and materials. New raw materials

13.

14.
15.

16.

17.

18.

19.

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.
39.

40.

41.

42.

43.

44,

45,

Andreas NJ, Kampmann B, Le-Doare KM. Human breast milk: A review on its composition and bioactivity. Early human development.
2015;91(11):629-635. https://doi.org/10.1016/j.earlhumdev.2015.08.013

Koletzko B. Human milk lipids. Annals of Nutrition and Metabolism. 2016;69(2):28-40. https://doi.org/10.1159/000452819

Uauy R, Mena P. Long-chain polyunsaturated fatty acids supplementation in preterm infants. Current opinion in pediatrics.
2015;27(2):165-171. https://doi.org/10.1097/MOP.0000000000000203

Yang J, Zheng N, Wang J, Yang, Y. Comparative milk fatty acid analysis of different dairy species. International Journal of Dairy
Technology. 2018;71(2):544-550. https://doi.org/10.1111/1471-0307.12443

Hanu§ O, Samkova E, Ktizova L, Hasonova L, Kala R. Role of fatty acids in milk fat and the influence of selected factors on their
variability — a review. Molecules. 2018;23(7):1636. https://doi.org/10.3390/molecules23071636

Mikotajczyk K, Pecka-Kietb E, Zachwieja A. Impact of the volume and the profile of volatile fatty acids in the rumen fermentation on
cow productivity and milk composition. Mljekarstvo: Casopis za unaprjedenje proizvodnje i prerade mlijeka. 2019;69(4):222-228.
https://doi.org/10.15567/mljekarstvo.2019.0402

Chowdhury R, Warnakula S, Kunutsor S, Crowe F, Ward HA, Johnson L, et al. Association of dietary, circulating, and supplement fatty
acids with coronary risk: a systematic review and meta-analysis. Annals of internal medicine. 2014;160(6):398-406.
https://doi.org/10.7326/M13-1788

Thorning TK, Bertram HC, Bonjour JP, Groot L, Dupont D, Feeney E, et al. Whole dairy matrix or single nutrients in assessment of
health effects: current evidence and knowledge gaps. The American Journal of Clinical Nutrition. 2017;105(5):1033-1045.
https://doi.org/10.3945/ajcn.116.151548

Atkins NE, Cianchi C, Rutter SM, Williams SJ, Gauld C, Charlton GL, et al. Performance, milk fatty acid composition and behaviour of
high-yielding Holstein dairy cows given a limited grazing period. Grass and Forage Science. 2020;75(2):181-191.
https://doi.org/10.1111/gfs.12471

Koczura M, Bouchon M, Turille G, De Marchi M, Kreuzer M, Berard J, et al. Consequences of walking or transport by truck on milk
yield and quality, as well as blood metabolites, in Holstein, Montbéliarde, and Valdostana dairy cows. Journal of dairy science.
2020;103(4):3470-3478. https://doi.org/10.3168/jds.2019-17467.

Anankanbil S, Larsen MK, Weisbjerg MR, Wiking L. Effects of variation in fatty acids and triglyceride composition on melting behavior
in milk fat. Milk Science International — Milchwissenschaft. 2018;71:4-9. https://doi.org/10.25968/MSI.2018.2

The European Comission, Entering a name in the register of traditional specialities guaranted (Heumilch/Haymilk/Latte fieno/Lait de
foin/Leche de heno (TSG)). Off. J. Eur. Union. 2016;58:28-34.

The European Parliament and the Council of the European Union, Regulation (EU) no 1151/2012 of the European Parliament and of the
Council of 21 November 2012 on quality schemes for agricultural products and foodstuffs. Off. J. Eur. Union. 2012;343:1-28.

Bugaud C, Buchin S, Coulon JB, Hauwuy A, Dupont D. Influence of the nature of alpine pastures on plasmin activity, fatty acid and
volatile compound composition of milk. Le Lait. 2001;81(3):401-414. https://doi.org/10.1051/lait:2001140

Paredes CLL, Werteker M, Rossmann B, Keplinger J, Olschewski I.L, Schreiner M. Discrimination of haymilk and conventional milk
via fatty acid profiles. Journal of Food Measurement and Characterization. 2018;12:1391-1398. https://doi.org/10.1007/s11694-018-
9753-0

Lopez A, Vasconi M, Moretti VM, Bellagamba F. Fatty acid profile in goat milk from high-and low-input conventional and organic
systems. Animals. 2019;9(7):452. https://doi.org/10.3390/ani9070452

Mcsweeney PLH, Sousa MJ. Biochemical pathways for the production of flavour compounds in cheeses during ripening: A review. Lait.
2000;80(3):293-324. https://doi.org/10.1051/lait:2000127

Thierry A, Collins YF, Mukdsi MA, McSweeney PL, Wilkinson MG, Spinnler HE. Lipolysis and metabolism of fatty acids in cheese.
Chemistry, Physics and Microbiology. 2017;17:423-444. https://doi.org/10.1016/B978-0-12-417012-4.00017-X

Lordan R, Walsh A, Crispie F, Finnegan L, Demuru M, Tsoupras A, et al. Caprine milk fermentation enhances the antithrombotic
properties of cheese polar lipids. Journal of Functional Foods. 2019;61:103507. https://doi.org/10.1016/j.jff.2019.103507

Asensio-Grau A, Peinado I, Heredia A, Andrés A. In vitro study of cheese digestion: Effect of type of cheese and intestinal conditions on
macronutrients digestibility. LWT. 2019;113:108278. https://doi.org/10.1016/j.lwt.2019.108278

Dopieralska P, Bartowska J, Teter A, Krol J, Brodziak A, Domaradzki P. Changes in Fatty Acid and Volatile Compound Profiles during
Storage of Smoked Cheese Made from the Milk of Native Polish Cow Breeds Raised in the Low Beskids. Animals. 2020;10(11):2103.
https://doi.org/10.3390/ani10112103

Grygier A, Myszka K, Juzwa W, Biatas W, Rudzinska M. Galactomyces geotrichum mold isolated from a traditional fried cottage cheese
produced omega-3 fatty acids. International journal of food microbiology. 2020;319:108503.
https://doi.org/10.1016/j.ijfoodmicro.2019.108503

Amores G, Virto M. Total and free fatty acids analysis in milk and dairy fat. Separations. 2019;6(1):14.
https://doi.org/10.3390/separations6010014

Jensen RG. The composition of bovine milk lipids: January 1995 to December 2000. Journal of dairy science. 2002;85(2):295-350.
https://doi.org/10.3168/jds.s0022-0302(02) 74079-4

Zhigian L, Li C, Pryce J, Rochfort S. Comprehensive Characterization of Bovine Milk Lipids: Phospholipids, Sphingolipids, Glycolipids,
and Ceramides. Journal of agricultural and food chemistry. 2020; 68(24):6726-6738. https://doi.org/10.1021/acs.jafc.0c01604

Newburg DS, Neubauer SH, Jensen RG. Handbook of milk composition. San Diego: Academic Press; 1995.

Albenzio M, Santillo A, Avondo M, Nudda A, Chessa S, Pirisi A. Nutritional properties of small ruminant food products and their role
on human health. Small Ruminant Research. 2016;135:3-12. https://doi.org/10.1016/j.smallrumres.2015.12.016

Paszczyk B, Luczynska J. The Comparison of Fatty Acid Composition and Lipid Quality Indices in Hard Cow, Sheep, and Goat Cheeses.
Foods. 2020;9(11):1667. https://doi.org/10.3390/foods9111667

Moate PJ, Chalupa W, Boston RC, Lean 1J. Milk fatty acids. I. Variation in the concentration of individual fatty acids in bovine milk.
Journal of Dairy Science. 2007;90(10):4730-4739. https://doi.org/10.3168/jds.2007-0225

Bohl M, Bjernshave A, Larsen MK, Gregersen S, Hermansen K. The effects of proteins and medium-chain fatty acids from milk on body
composition, insulin sensitivity and blood pressure in abdominally obese adults. European journal of clinical nutrition. 2017;71:76-82.
https://doi.org/10.1038/ejcn.2016.207

Thorburn AN, McKenzie Cl, Shen S, Stanley D, Macia L, Mason LJ, et al. Evidence that asthma is a developmental origin disease
influenced by maternal diet and bacterial metabolites. Nat Commun. 2015;6:7320. https://doi.org/10.1038/ncomms8320

Kasubuchi M, Hasegawa S, Hiramatsu T, Ichimura A, Kimura I. Dietary gut microbial metabolites, short-chain fatty acids, and host
metabolic regulation. Nutrients. 2015;7(4):2839-49. https://doi.org/10.3390/nu7042839.

Kim CH. Control of lymphocyte functions by gut microbiota-derived short-chain fatty acids. Cellular & Molecular Immunology.
2021;18:1161-1171. https://doi.org/10.1038/s41423-020-00625-0

Xapuopa Hayka i Texnotoris / Food science and technology 34 Volume 15 Issue 2/ 2021


https://doi.org/10.1016/j.earlhumdev.2015.08.013
https://doi.org/10.1159/000452819
https://doi.org/10.3390/molecules23071636
https://doi.org/10.15567/mljekarstvo.2019.0402
https://doi.org/10.7326/M13-1788
https://doi.org/10.1111/gfs.12471
https://doi.org/10.3168/jds.2019-17467
https://doi.org/10.1051/lait:2001140
https://doi.org/10.1007/s11694-018-9753-0
https://doi.org/10.1007/s11694-018-9753-0
https://doi.org/10.3390/ani9070452
https://doi.org/10.1016/B978-0-12-417012-4.00017-X
https://doi.org/10.1016/j.jff.2019.103507
https://doi.org/10.1016/j.lwt.2019.108278
https://doi.org/10.3390/ani10112103
https://doi.org/10.1016/j.ijfoodmicro.2019.108503
https://doi.org/10.3390/separations6010014
https://doi.org/10.3168/jds.s0022-0302(02)74079-4
https://doi.org/10.1016/j.smallrumres.2015.12.016
https://doi.org/10.3390/foods9111667
https://doi.org/10.3168/jds.2007-0225
https://doi.org/10.1038/ejcn.2016.207
https://doi.org/10.1038/ncomms8320
https://doi.org/10.3390/nu7042839
https://doi.org/10.1038/s41423-020-00625-0

Ximis xap4osux npodyxkmis i mamepianie. Hosi sudu cuposuru / Chemistry of food products and materials. New raw materials

46.

47.

48.

49.

50.

51.

52.

53.

54.
55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Toledo-Alvarado H, Vazquez Al, de Los Campos G, Tempelman RJ, Gabai G, Cecchinato A. Changes in milk characteristics and fatty
acid profile during the estrous cycle in dairy cows. Journal of dairy science. 2018;101(10):9135-9153. https://doi.org/10.3168/jds.2018-
14480

Wang Y, Nan X, Zhao Y, Jiang L, Wang M, Wang H. Rumen microbiome structure and metabolites activity in dairy cows with clinical
and subclinical mastitis. Journal of animal science and biotechnology. 2021;12:1-21. https://doi.org/10.1186/s40104-020-00543-1
Stinson LF, Gay MC, Koleva PT, Eggesbe M, Johnson CC, Wegienka G. Human milk from atopic mothers has lower levels of short
chain fatty acids. Frontiers in immunology. 2020;11:1427. https://doi.org/10.3389/fimmu.2020.01427

Balti¢ B, Star¢evi¢ M, Pordevi¢ J, Mrdovi¢ B, Markovi¢ R. Importance of medium chain fatty acids in animal nutrition. In IOP
Conference Series: Earth and Environmental Science. 2017;85(1):012048. https://doi.org/10.1088/1755-1315/85/1/012048

Skiivanova E, Molatova Z, Skifivanova V, Marounek M. Inhibitory activity of rabbit milk and medium-chain fatty acids against
enteropathogenic Escherichia coli 0128. Veterinary microbiology. 2009;135(3-4):358-362. https://doi.org/10.1016/j.vetmic.2008.09.083
Khuwijitjaru P, Adachi S, Matsuno R. Solubility of saturated fatty acids in water at elevated temperatures. Bioscience, biotechnology,
and biochemistry. 2002;66(8):1723-1726. https://doi.org/10.1271/bbb.66.1723

Tang M, Laarveld B, Van Kessel AG, Hamilton DL, Estrada A, Patience JF. Effect of segregated early weaning on postweaning small
intestinal development in pigs. Journal of animal science. 1999;77(12):3191-3200. https://doi.org/10.2527/1999.77123191x

Swiatkiewicz M, Hanczakowska E, Okon K, Kowalczyk P, Eugeniusz RG. Effect of Maternal Diet and Medium Chain Fatty Acids
Supplementation for Piglets on Their Digestive Tract Development, Structure, and Chyme Acidity as Well as Performance and Health
Status. Animals. 2020;10(5):834. https://doi.org/10.3390/ani10050834

Quinn EA. Milk, medium chain fatty acids and human evolution. Breastfeeding Routledge; 2017.

Righi F, Simoni M, Bresciani C, Cabassi CS, Flisi S, Hanlon ME, et al. Adding monoglycerides containing short and medium chain fatty
acids to milk replacer: effects on health and performance of preweaned calves. Italian Journal of Animal Science. 2020;19(1):1417-1427.
https://doi.org/10.1080/1828051X.2020.1847208

Dai X, Yuan T, Zhang X, Zhou Q, Bi H, Yu R, et al. Short-chain fatty acid (SCFA) and medium-chain fatty acid (MCFA) concentrations
in human milk consumed by infants born at different gestational ages and the variations in concentration during lactation stages. Food &
function. 2020;11(2):1869-1880. https://doi.org/10.1039/C9F002595B

Yuan T, Geng Z, Dai X, Zhang X, Wei W, Wang X, et al. Triacylglycerol Containing Medium-Chain Fatty Acids: Comparison of
Human Milk and Infant Formulas on Lipolysis during In Vitro Digestion. Journal of agricultural and food chemistry. 2020;68(14):4187-
4195. https://pubs.acs.org/doi/10.1021/acs.jafc.9b07481?goto=supporting-info

Hageman JH, Keijer J, Dalsgaard TK, Zeper LW, Carriére F, Feitsma AL, et al. Free fatty acid release from vegetable and bovine milk
fat-based infant formulas and human milk during two-phase in vitro digestion. Food & function. 2019;10(4):2102-2113.
https://doi.org/10.1039/C8FO01940A

Vlaeminck B, Fievez V, Cabrita ARJ, Fonseca AJM, Dewhurst RJ. Factors affecting odd-and branched-chain fatty acids in milk: A
review. Animal feed science and technology. 2006;131(3-4):389-417. https://doi.org/10.1016/j.anifeedsci.2006.06.017

Chamekh L, Calvo M, Khorchani T, Castro-Gomez P, Hammadi M, Fontecha J, et al. Impact of management system and lactation stage
on fatty acid composition of camel milk. Journal of Food Composition and Analysis. 2020;87:103418.

Kokotou MG, Batsika CS, Mantzourani C, Kokotos G. Free Saturated Oxo Fatty Acids (SOFAs) and Ricinoleic Acid in Milk
Determined by a Liquid Chromatography-High-Resolution Mass Spectrometry (LC-HRMS) Method. Metabolites. 2021;11:46.
https://doi.org/10.3390/metab011010046.

Santin Junior IA, Silva KCC, Cucco DC. Milk fatty acids profile and the impact on human health. Dairy and Vet Sci J.
2019;10(1):555779. https://doi.org/10.19080/JDVS.2019.10.555779

Bauman DE, Baumgard LH, Corl BA, Griinari JM, Biosynthesis of conjugated linoleic acid in ruminants. Journal of Animal Science.
2020;77:1-15. https://doi.org/10.2527/jas2000.77E-Suppl1f

Sieber, R., Collomb, M., Aeschlimann, A., Jelen, P., & Eyer, H. (2004). Impact of microbial cultures on conjugated linoleic acid in dairy
products — a review. International Dairy Journal. 2004;14(1):1-15. https://doi.org/10.1016/S0958-6946(03)00151-1

Jiang J, Bjorck L, Fonden R. Production of conjugated linoleic acid by dairy starter cultures. Journal of Applied Microbiology.
1998;85(1):95-102. https://doi.org/10.1046/j.1365-2672.1998.00481.x

Paszczyk B, Brandt W, Luczyfiska J. Isomers of c18:1 and c18:2 Acids in Fresh and Stored Fermented Milks Produced with Selected
Starter Cultures. Czech Journal of Food Sciences. 2016;34(5):391-396. https://doi.org/10.17221/358/2015-CJFS

Chavarri F, Bustamante MA, Santisteban A, Virto M, Barron LJR, de Renobales M. Changes in free fatty acids during ripening of
Idiazabal cheese manufactured at different times of the year. Journal of Dairy Science. 1999;82(5):885-890.
https://doi.org/10.3168/jds.S0022-0302(99)75307-5

Kamath S, Wulandewi A, Deeth H. Relationship between surface tension, free fatty acid concentration and foaming properties of milk.
Food Research International. 2008;41:623-629. https://doi.org/10.1016/j.foodres.2008.03.014

Mannion DT, Furey A, Kilcawley KN. Free fatty acids quantification in dairy products. International Journal of Dairy Technology.
2015;69(1):1-8. https://doi.org/10.1111/1471-0307.12301

Kennelly JJ. The fatty acid composition of milk fat as influenced by feeding oilseeds. Animal Feed Science and Technology. 1996;60(3-
4):137-152. https://doi.org/10.1016/0377-8401(96)00973-X

Mangwe M, Bryant R, Gregorini P. Rumen fermentation and fatty acid composition of milk of mid lactating dairy cows grazing chicory
and ryegrass. Animals. 2020;10(1):169. https://doi.org/10.3390/ani10010169

Bryszak M, Szumacher-Strabel M, Huang H, Pawlak P, Lechniak D, Kotodziejski P, et al. Lupinus angustifolius seed meal supplemented
to dairy cow diet improves fatty acid composition in milk and mitigates methane production. Animal Feed Science and Technology.
2020;267:114590. https://doi.org/10.1016/j.anifeedsci.2020.114590

Miliku K, Duan QL, Moraes TJ, Becker AB, Mandhane PJ, Turvey SE. Human milk fatty acid composition is associated with dietary,
genetic, sociodemographic, and environmental factors in the CHILD Cohort Study. The American Journal of Clinical Nutrition.
2019;110(6):1370-1383. https://doi.org/10.1093/ajcn/nqz229

Petrini J, lung LHS, Rodriguez MAP, Salvian M, Pértille F, Rovadoscki GA. Genetic parameters for milk fatty acids, milk yield and
quality traits of a Holstein cattle population reared under tropical conditions. Journal of animal breeding and genetics. 2016;133(5):384-
395. https://doi.org/10.1111/jbg.12205

Stapai PV, Havryliak VV, Stakhiv NP, Paraniak NM, Skorokhid AV. Sklad zhyrnykh kyslot lipidiv moloka vivtsematok ukrainskoi
hirskokarpatskoi porody  za riznykh umov  yikh utrymannia. Visnyk ahrarnoi nauky. 2016;7:28-33.
http://nbuv.gov.ua/UJRN/vaan_2016_7_7

Nudda A, Cannas A, Correddu F, Atzori AS, Lunesu MF, Battacone G, et al. Sheep and Goats Respond Differently to Feeding Strategies
Directed to Improve the Fatty Acid Profile of Milk Fat. Animals. 2020;10(8):1290. https://doi.org/10.3390/ani10081290

XapuoBa Hayka i Texnonorisi / Food science and technology 35 Volume 15 Issue 2/ 2021


https://doi.org/10.3168/jds.2018-14480
https://doi.org/10.3168/jds.2018-14480
https://doi.org/10.1186/s40104-020-00543-1
https://doi.org/10.3389/fimmu.2020.01427
https://doi.org/10.1088/1755-1315/85/1/012048
https://doi.org/10.1016/j.vetmic.2008.09.083
https://doi.org/10.1271/bbb.66.1723
https://doi.org/10.2527/1999.77123191x
https://doi.org/10.3390/ani10050834
https://doi.org/10.1080/1828051X.2020.1847208
https://doi.org/10.1039/C9FO02595B
https://pubs.acs.org/doi/10.1021/acs.jafc.9b07481?goto=supporting-info
https://doi.org/10.1039/C8FO01940A
https://doi.org/10.3390/metabo11010046
https://doi.org/10.19080/JDVS.2019.10.555779
https://doi.org/10.2527/jas2000.77E-Suppl1f
https://doi.org/10.1016/S0958-6946(03)00151-1
https://doi.org/10.1046/j.1365-2672.1998.00481.x
https://doi.org/10.17221/358/2015-CJFS
https://doi.org/10.3168/jds.S0022-0302(99)75307-5
https://doi.org/10.1016/j.foodres.2008.03.014
https://doi.org/10.1111/1471-0307.12301
https://doi.org/10.1016/0377-8401(96)00973-X
https://doi.org/10.3390/ani10010169
https://doi.org/10.1093/ajcn/nqz229
https://doi.org/10.1111/jbg.12205
http://www.irbis-nbuv.gov.ua/cgi-bin/irbis_nbuv/cgiirbis_64.exe?I21DBN=LINK&P21DBN=UJRN&Z21ID=&S21REF=10&S21CNR=20&S21STN=1&S21FMT=ASP_meta&C21COM=S&2_S21P03=FILA=&2_S21STR=vaan_2016_7_7

Ximiss xap4osux npodyxkmie i mamepianie. Hosi sudu cuposuru / Chemistry of food products and materials. New raw materials

7.

78.

79.

80.

81

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

Serra A. Fatty acids milk composition in Italian Simmental and Italian Holstein cows. 2015 [Internet]. Awvailable from:
http://hdl.handle.net/11568/753416 (cited 15.06.2021)

Fushimi T, lzumi Y, Takahashi M, Hata K, Murano Y, Bamba T. Dynamic Metabolome Analysis Reveals the Metabolic Fate of
Medium-Chain Fatty Acids in AML12 Cells. Journal of Agricultural and Food Chemistry. 2020;68(43):11997-12010.
https://doi.org/10.1021/acs.jafc.0c04723

Ulbricht TL, Southgate DA. Coronary heart disease: seven dietary factors. The lancet. 1991;338(8773):985-992.
https://doi.org/10.1016/0140-6736(91)91846-M

Stadnik L, Duchagek J, Okrouhla M, Ptacek M, Beran J, Stupka R, et al. The effect of parity on the proportion of important healthy fatty
acids in raw milk of Holstein cows. Mljekarstvo. 2013;63(4):195-202. https://hrcak.srce.hr/111097

Lock AL, Garnsworthy PC. Seasonal variation in milk conjugated linoleic acid and Delta(9)-desaturase activity in dairy cows. Livestock
Production Science. 2003;79(1):47-59. https://doi.org/10.1016/S0301-6226(02)00118-5

Chouinard PY, Corneau L, Barbano DM, Metzger LE, Bauman DE. Conjugated linoleic acids alter milk fatty acid composition and
inhibit milk fat secretion in dairy cows. The Journal of Nutrition. 1999;129:1579-1584. https://doi.org/10.1093/jn/129.8.1579

Mele M, Conte G, Castiglioni B, Chessa S, Macciotta NPP, Serra A, et al. Stearoyl-coenzyme A desaturase gene polymorphism and milk
fatty acid composition in Italian Holsteins. J. Dairy Sci. 2007;90(9):4458-4465. https://doi.org/10.3168/jds.2006-617

Erickson MC. Variation of lipid and tocopherol composition in 3 strains of channel catfish (Ictalurus punctatus). J. Sci. Food Agric.
1992;59(4):529-536. https://doi.org/10.1002/jsfa.2740590416

Saito M, Kubo K. Relationship between tissue lipid peroxidation and peroxidizability index after alpha-linolenic, eicosapentaenoic, or
docosahexaenoic acid intake in rats. British Journal of Nutrition. 2003;89(1):19-28. https://doi.org/10.1079/BJN2002731

Nagyova A, Krajéovicova-Kudlackova M, Klvanova J. LDL and HDL oxidation and fatty acid composition in vegetarians. Annals of
Nutrition and Metabolism. 2001;45:148-151. https://doi.org/10.1159/000046722

Timmen H. Characterization of milk fat hardness in farm milk via parameters of fatty-acid composition. Kieler Milchw. Forsch.
1990;42:129-138.

Hurtaud C, Buchin S, Martin B, Verdier-Metz |, Peyraud JL, Noel Y. Milk quality and consequences on quality of dairy products:
Several some measuring techniques of measure in dairy cows trials. Recontres autour des Recherches sur Ruminant. 2001;8:35-42.
Vishovan JuJu, Ushkalov VO. Spread of staphylococcus and diseases caused by them. Bulletin of Agricultural Science. 2018;2:36-42.
https://doi.org/10.31073/agrovisnyk201802-06

Salmanov AG, Ushkalov VO, Shunko YeYe, Piven N, Vygovska LM, Verner O M, et al. One health: antibiotic-resistant bacteria
contamination in fresh vegetables sold at a retail markets in kyiv, Ukraine. Wiadomosci Lekarskie. 2021;74(1):83-89
https://doi.org/10.36740/WLEK202101116

Vygovska L, Nedosekov V, Ushkalov V, Boyko O, Kepple O, Vishovan Yu, et al. Study of antibiotic sensitivity of Salmonella spp.
developed by food and biological material. One health & Risk management. 2020;1(1):22-26. https://doi.org/10.5281/ZENODO.3700957
Maleti¢ M, Maga$§ V, Maleti¢ J. The role of veterinarian in the monitoring programs of mastitis control. In IOP Conference Series: Earth
and Environmental Science. 2017;85:012035. https://doi.org/10.1088/1755-1315/85/1/012035

Sah K, Karki P, Shrestha RD, Sigdel A, Adesogan AT, Dahl GE. Milk Symposium review: Improving control of mastitis in dairy
animals in Nepal. Journal of Dairy Science. 2020;103(11):9740-9747. https://doi.org/10.3168/jds.2020-18314

Sinha R, Bhakat M, Mohanty TK, Ranjan A., Kumar R, Lone SA, et al. Infrared thermography as non-invasive technique for early
detection of mastitis in dairy animals-A review. Asian Journal of Dairy & Food Research. 2018;37(1):1-6.

Hiitié6 H, Vakkamiki J, Simojoki H, Autio T, Junnila J, Pelkonen S, et al. Prevalence of subclinical mastitis in Finnish dairy cows:
changes during recent decades and impact of cow and herd factors. Acta Veterinaria Scandinavica. 2017;59:1-14.
https://doi.org/10.1186/s13028-017-0288-x

Samuel TM, De Castro CA, Dubascoux S, Affolter M, Giuffrida F, Billeaud C, et al. Subclinical Mastitis in a European Multicenter
Cohort: Prevalence, Impact on Human Milk (HM) Composition, and Association with Infant HM Intake and Growth. Nutrients.
2020;12(1):105. https://doi.org/10.3390/nu12010105

Tuaillon E, Viljoen J, Dujols P, Cambonie G, Rubbo PA, Nagot N, et at. Subclinical mastitis occurs frequently in association with
dramatic changes in inflammatory/anti-inflammatory breast milk components. Pediatric research. 2017;81:556-564.
https://doi.org/10.1038/pr.2016.220

Lusis I, Antane V, Laurs A. Effectiveness of mastitis detection index for cow monitoring and abnormal milk detection in milking robots.
Engineering for Rural Development 16. 2017;1383-1387. http://dx.doi.org/10.22616/ERDev2017.16.N314

Quintas H, Mateus 0, Mauricio R, Mendonga A, Alegria N, Valentim R. Somatic cell count as a tool to control subclinical mastitis in
serrana goats. In Book of the conference abstracts Warsaw. 2019:31-32. Available from: http://hdl.handle.net/10198/21625

Kim Heejin, Younjeong Min, Byoungju Choi. Real-time temperature monitoring for the early detection of mastitis in dairy cattle:
Methods and case researches. Computers and Electronics in Agriculture. 2019;162:119-125.
https://doi.org/10.1016/j.compag.2019.04.004

Sathiyabarathi M, Jeyakumar S, Manimaran A, Pushpadass HA, Kumaresan A, Lathwal SS. Infrared thermography to monitor body and
udder skin surface temperature differences in relation to subclinical and clinical mastitis condition in Karan Fries (Bos taurusx Bos
indicus) crossbred cows. Indian Journal of Animal Sciences. 2018;88(6):694-699.

Ametaj B, Zhang G, Dervishi E, Wishart D. 231 Urinary metabotyping around parturition indicates consistent metabolite signatures that
can be used for monitoring and diagnosing of subclinical mastitis in dairy cows. Journal of Animal Science. 2018;96(3):19-20.
https://doi.org/10.1093/jas/sky404.044

de Jong A, Garch F, Simjee S, Moyaert H, Rose M, Youala M, et al. Monitoring of antimicrobial susceptibility of udder pathogens
recovered from cases of clinical mastitis in dairy cows across Europe: VetPath results. Veterinary microbiology. 2018; 213:73-81.
https://doi.org/10.1016/j.vetmic.2017.11.021

Li C, Solomons NW, Scott ME, Koski KG. Subclinical mastitis (SCM) and proinflammatory cytokines are associated with mineral and
trace element concentrations in human breast milk. Journal of Trace Elements in Medicine and Biology. 2018;46:55-61.
https://doi.org/10.1016/j.jtemb.2017.11.010

Pisanu S, Cacciotto C, Pagnozzi D, Uzzau S, Pollera C, Penati M, et al. Impact of Staphylococcus aureus infection on the late lactation
goat milk proteome: New perspectives for monitoring and understanding mastitis in dairy goats. Journal of proteomics.
2020;221:103763. https://doi.org/10.1016/j.jprot.2020.103763

Gokceoglu A, Yarim GF, Gultiken N, Yarim M. High epidermal growth factor concentration associated with somatic cell count in milk
of cows with subclinical mastitis. Medycyna Weterynaryjna. 2020;76(6):354-357.

Tong J, Zhang H, Zhang Y, Xiong B, Jiang L. Microbiome and metabolome analyses of milk from dairy cows with subclinical
Streptococcus agalactiae mastitis - Potential biomarkers. Frontiers in microbiology. 2019;10:2547.
https://doi.org/10.3389/fmich.2019.02547

XapuoBa Hayka i Texronorist / Food science and technology 36 Volume 15 Issue 2/ 2021


http://hdl.handle.net/11568/753416
https://doi.org/10.1021/acs.jafc.0c04723
https://doi.org/10.1016/0140-6736(91)91846-M
https://hrcak.srce.hr/111097
https://doi.org/10.1016/S0301-6226(02)00118-5
https://doi.org/10.1093/jn/129.8.1579
https://doi.org/10.3168/jds.2006-617
https://doi.org/10.1002/jsfa.2740590416
https://doi.org/10.1079/BJN2002731
https://doi.org/10.31073/agrovisnyk201802-06
https://europepmc.org/search?query=AUTH:%22Aidyn%20G%20Salmanov%22
https://publons.com/publon/42226567/
https://publons.com/publon/42226567/
https://publons.com/journal/17648/wiadomosci-lekarskie/
https://doi.org/10.36740/WLEK202101116
https://doi.org/10.5281/ZENODO.3700957
https://doi.org/10.1088/1755-1315/85/1/012035
http://dx.doi.org/10.22616/ERDev2017.16.N314

Ximis xap4osux npodyxkmis i mamepianie. Hosi sudu cuposuru / Chemistry of food products and materials. New raw materials

108. Junza A, Saurina J, Barron D, Minguillon C, et al. Metabolic profile modifications in milk after enrofloxacin administration studied by
liquid chromatography coupled with high resolution mass spectrometry. Journal of Chromatography A. 2016;1460:92-99.
https://doi.org/10.1016/j.chroma.2016.07.016

109. Randolph HE, Erwin RE. Influence of mastitis on properties of milk. X. Fatty acid composition. Journal of Dairy Science.
1974;57(8):865-868. https://doi.org/10.3168/jds.s0022-0302(74)84978-7

110. Mavangira V, Gandy JC, Zhang C, Ryman VE, Jones AD, Sordillo LM. Polyunsaturated fatty acids influence differential biosynthesis of
oxylipids and other lipid mediators during bovine coliform mastitis. Journal of dairy science. 2015;98(9):6202-6215.
https://doi.org/10.3168/jds.2015-9570

111. Massart-Leén AM, Burvenich CD, Massart L. Triacylglycerol fatty acid composition of milk from periparturient cows during acute
Escherichia coli mastitis. Journal of dairy research. 1994;61(2):191-199. https://doi.org/10.1017/S002202990002820X

112. Chang LL, Yang ZP, Wu HT, Chen Y, Shi XK, Mao YJ, et al. Comparative study on fatty acid composition between normal milk and
subclinical mastitis milk of dairy cow. Chines J Anim Vet Sci. 2011;43:44-47.

113. Fadul-Pacheco L, Delgado H, Cabrera VE. Exploring machine learning algorithms for early prediction of clinical mastitis. International
Dairy Journal. 2021;119:105051. https://doi.org/10.1016/j.idairyj.2021.105051

114. Post C, Rietz C, Biischer W, Miiller U. The Importance of Low Daily Risk for the Prediction of Treatment Events of Individual Dairy
Cows with Sensor Systems. Sensors. 2021;21(4):1389. https://doi.org/10.3390/s21041389

115. Wisnieski L, Norby B, Pierce SJ, Becker T, Gandy JC, Sordillo LM. Predictive models for early lactation diseases in transition dairy
cattle at dry-off. Preventive veterinary medicine. 2019;163:68-78. https://doi.org/10.1016/j.prevetmed.2018.12.014

116. Weigel KA, Shook GE. Genetic selection for mastitis resistance. Veterinary Clinics of North America: Food Animal Practice.
2018;34(3):457-472. https://doi.org/10.1016/j.cvfa.2018.07.001

117. Dervishi E, Zhang G, Dunn SM, Mandal R, Wishart DS, Ametaj BN. GC-MS Metabolomics Identifies Metabolite Alterations That
Precede Subclinical Mastitis in the Blood of Transition Dairy Cows. Journal of Proteome Research. 2017;16(2):433-446.
https://doi.org/10.1021/acs.jproteome.6b00538

118. Zwierzchowski G, Zhang G, Mandal R, Wishart DS, Ametaj BN. Mass-spec-based urinary metabotyping around parturition identifies
screening biomarkers for subclinical mastitis in dairy cows. Research in Veterinary Science. 2020;129:39-52.
https://doi.org/10.1016/j.rvsc.2020.01.001

119. Ebrahimie E, Ebrahimi F, Ebrahimi M, Tomlinson S, Petrovski KR. A large-scale study of indicators of sub-clinical mastitis in dairy
cattle by attribute weighting analysis of milk composition features: highlighting the predictive power of lactose and electrical
conductivity. Journal of Dairy Research. 2018;85(2):193-200. https://doi.org/10.1017/S0022029918000249

JIIIIA MOJIOKA TA CYBKJITHIYHU MACTHUT

B.B. lanuyk’, JOKTOp CilBECHKOrOCIIONApCHKHX Hayk, mpodecop, E-mail: dan-vwl@ukr.net

B.O. Ymxanos®, noxrop erepunapuux mayk, npodecop, E-mail: ushkalov63@gmail.com

C.B. Minuk’, KaHaMIaT BeTepUHAPHUX HAYK, 3aBiTyBau Bimminy, E-mail: svit mid@gmail.com

JL.M. Buroschka’, JOKTOp BeTepHHAPHIX Hayk, 3aBigyBad Bixainy, E-mail: Invygovska@gmail.com,

O.B. Jlanuyk?, [0KTOp BETepHHAPHHX HayK, HoueHT, E-mail: olexdan@ukr.net

B.1. Kopnienko!, noktop Giomoriunmx Hayk, mpodecop, E-mail: kornienko-valentinal966@ukr.net
'Hartionansuuit yrisepcuter 6iopecypcis i IpupoIOKOPHCTYBaHHS Y KpaiHi,

M. Kui, Byin. I'epoiB O6oponu, 15, Ykpaina, 03041

20 nechkuit JIepKaBHUI arpapHuii yHiBepcuTeT, Byauis [lanTeneiiMoniBebka, 13, Oneca, Onechka 061acTh, 65000

AHoTanisi. J/[aHa CTaTTs CTOCYETHCS NMPOILECY OAEPXKAHHS SKICHOT MOJIOYHOI CHPOBHMHM 33 PAaXxyHOK aHaji3yBaHHS i
nmimigHOTO CcKimamy. JIimimHUA CKiTaj MOJOKa-CHPOBHMHH 3aJIC)KUTH Bill 0araThboX (akToOpiB cepel SIKHX, B TEpIIy Yepry, Ie
BUJIOBa MPUHAISKHICTh, CKJIAJ pauioHy Ta (i3ioyoriyHMil cTaH MOJOYHOT 3aJ103M. 32 OCTaHHI POKM HAKOIMYMJIACS BEJIHMKa
KUTBKICTh TaHUX CTOCOBHO KOJHMBAHHS THUX UM 1HIIUX JIIMIIHUX MTOKa3HUKIB MOJIOKA 3aJIe)KHO BiJl BUIY, BiKY, IIepioay JaKTallii,
patioHy, 100H pPOKy, MOLIIOHY, TEXHOJOTI] YTpUMaHHS TBapuH, (Pi3i0JOTIHYHOrO CTaHy JIAKTYHOUYOTO OpraHi3My B IIJIOMY Ta
CTaHy MOJIOYHOI 3a1031 30KpeMa. PakTopyu peryisiil )KUPHOKUCIOTHOTO CKJIay MOJIOKa-CHPOBHHU: TeHETHYHO OOYMOBJICHI
mapaMeTpH SKOCTi 1 0e3MeKH; )KUPHOKUCIOTHUH CKJIaJ] pallioHy; CHHTE3 )KHPHUX KHCIOT MIKPOOPraHi3MaMH TPaBHOTO TPAKTY;
CHHTE3 XUPHHUX KUCJOT y MOJIOYHIN 3aJ03i; (hi310JIOTIYHUIA CTaH MOJIOYHOI 3a5I03H. MOJIOKO KOKHOTO BTy MPOAYKTHBHUX
TBapyH Mae CBill crenudivHuN T JHUH TPodiib Ta BUKOPHCTOBYETHCS B PELENTYPi BU3HAYEHUX MOJIOYHUX MPOIYKTIB IS
OJIep)KaHHS 3aIlJITAaHOBAaHMX TEXHOJIOTTYHMX Ta XapyoBUX mapameTpiB. [loctaHOBKa AiarHO3y y NMpPOXYKTHBHHX TBapuH Ha
CYOKJIIHIYHMIA MacTUT Tependayae BUKOPUCTAHHS JOMOMDKHUX (TepMOMETpis, TepMmorpadis, eIeKTPOIpOBIAHICTH) Ta
11a00paTOPHUX METOJIB JOCITIDKEHB: MiJPaxyHOK KITBKOCTI COMATHYHHMX KIITHH; BUKOPHCTAaHHS CIELiaJli30BaHUX TECTiB;
MiKpOO10JIOTI4HI TOCTIKEHHSI MOJIOKa; 010XiMiuHI IOCTiPKEHHS MOJIOKa. bioXiMidHa CKJIafioBa y MiarHOCTHI CYOKITIHIYHOT
(bopmu MacTUTy € HenooliHeHa. [liIBUICHHS TeMIepaTypH oprany rnependadae 3pOCTaHHs IHTEHCHBHOCTI BUAUICHHS TeIlIa
il YaC OKUCHEHHS CyOCTpariB, iHOJI 32 paXyHOK 3HWKEHHS IHTEHCHBHOCTI CHHTE3y CHEPrOEMHHUX CHOJNYK. [HIIMX JuKepemn
eHeprii B OpraHi3Mi MpocTo He icHye. Taka cama CUTYyaIlisl 1 3 OKpEMHMH JIAaHKaMH METa0O0IIi3My, SIKi CIIPSIMOBaHI Ha PO3BUTOK
3aXMCHHUX peaKiliii Ha eTioNOTIUHHIA (aKTop, MO CIPSIMOBAHUI Ha ypakeHHS MOJOYHOI 3a703u. Came uepes 1e OioxiMidHMiI
CKJIaJ] CEKpPeTy MOJOYHOI 3aJ03d 3a YMOB BiJCYTHOCTI KJIIHIYHHX O3HaK Mepediry MacTUTy 3a3Hae OiOXiMiYHHX 3MiH i
3aBJaHHSAM YYSHUX € PO3POOUTH MEXaHi3MH YiTKOTO Bi/CNIZIKOBYBAaHHS TaKuUX 3MiH, ileHTU]IKalil TBapHH 3 CYOKJIiHIYHOIO
(hOpMOIO MACTHUTY Ta IPOBEACHHS €(DEKTUBHOTO JTIKYBaHHS.

Kaiwouogi ciioBa: MoIoKo, Jimiau, CyOKITIHIYHHN MAaCTHT, )KUPHOKUACIIOTHHHA CKIIAJ.
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