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Abstract. The research relevance is predefined by the theoretic basics of their production processes
not being sufficiently studied, including the proteolysis despite the wide production of cheese
analogues incorporating vegetable substances. The research aims to determine the effect of the
content of cheese analogues, namely milk fat substitutes, soy protein isolates, and lactobacilli
species Lactococcus lactis ssp. lactis and L. lactis ssp. cremoris, L. lactis ssp lactis bv. diacetilactis as
well as Leuconostoc mesenteroides by the physical, chemical, and sensorial traits, and by amino
acids content of cheese analogues. Determination of the physical and chemical parameters was
fulfilled according to the standards: active acidity (pH) — DSTU 8550:2015; solids content (by
weight) - DSTU 8552:2015 and ISO 5534:2004; non-casein nitrogen content (by weight) — ISO
17997-1:2004; total protein (by weight) — ISO 8968-1:2014 and ISO 8968-5:2001; casein content
(by weight) — ISO 17997-1:2004. The fractional composition of proteins was determined using the
Polyacrylamide Gel Electrophoresis. While in the cheese dough after analysing the differences in
the spectrum of free amino acids between the variants were insignificant, in ripe cheese analogues
the accumulation was significantly less than in the control cheeses, only one ripe cheese analogue
showed the total amount of free amino acids and was almost equal to the control. During ripening,
the content of these compounds increased in cheese analogues from 2.2 times to 3.3 times, in the
control the content of free amino acids increased by 2.5 times, and individual free amino acids
accumulated from 3-7 to 30-40 times. Active proteolytic processes led to the appearance of all ripe
products of such essential amino acids as methionine and isoleucine, there was also an increase in
the level of glycine. The practical significance of the study is determined by substantiating rationale
proteolytic processes in the manufacture of cheese analogues to ensure consumer quality close to
the quality of cheeses made of milk

Keywords dairy industry; dairy products; milk fat substitute; physical and chemical properties;
amino acids

Introduction

G. Mangia et al. (2022) state that milk and dairy
products are of inevitable necessity for human
nutrition the said products provide numerous
advantages for the health of consumers. Med-
icine studies, for example, S.M. Vanderhout
et al. (2020), postulate that milk product help
minimizes the probability of obesity, low bone
weight, heart attacks and several cancer types.
Cheese occupies a special place among dairy
products. It is a protein-fat concentrate that
retains its properties for several months and
even years. According to an evaluation made
by L. Lebid (2021), on average, Ukrainian con-
sumes 3.5-4 kg of hard cheeses per year which
is significantly less than in the EU, where the
average yearly consumption of cheese is 20 kg
pro capita. It is predicted that world cheese

production will reach 27 million tons by the
end of 2030. R. Kamath et al. (2022) state that
many enterprises in the dairy industry, along
with the traditional assortment, produce ana-
logue products with a combined composition.
An analogue cheese can be defined as a cheese-
like product obtained by partially or completely
replacing components such as milk, milk fat or
milk protein, and incorporating vegetable sub-
stances, as well as additives such as emulsifying
salts, hydrocolloids, preservatives, acidifiers and
sometimes flavours (sodium chloride, cottage
cheese flavour, etc.) (Dairy Industries, 2020).
According to B.N. Esen et al. (2020), cheese-
like products (analogue/imitation cheeses) are
generally defined as food products produced
from a mixture of non-milk fats, milk proteins
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or vegetable proteins in certain proportions.
Cheese-like products can be categorized as
milk-based, partially milk-based, and non-
dairy-based. The category of a cheese-like
product depends on the source of the protein
and/or fat content. The part that uses vegeta-
ble protein and vegetable oil in its composition
is expressed as milk-based or non-milk-based.
Following R. Kamath et al. (2022) soy is a highly
nutritious food material containing well-bal-
anced amino acids and desirable fatty acids. It
plays an important role as a source of protein
for many people around the world. In addition,
it is necessary to note that the cost of producing
cheese analogues may be less than products ob-
tained only from animal proteins. Various food
formulations include soy proteins for various
purposes, usually related to health benefits or
used soy for dairy fortification to alleviate milk
availability problems.

A. Pua et al. (2022) consider that the sen-
sorial properties of the analogues made based
on the technological procedures similar to the
real products made of milk are not satisfactory
as the analogues produce specific off-flavours
while their texture was also significantly differ-
ent. A special processing technique is necessary
to prepare plant-based ingredients for the fer-
mentation to be done. To make sensorial param-
eters, including texture, the plant ingredients
of analogue milk products undergo bacterial,
yeast or fungal fermentation. R.M. Caldeira

et al. (2022) studied the sensorial properties of
analogue ice cream made with olive oil. Aroma,
flavour, and several other properties appeared
to correspond to the milk-based ice cream.

According to C.M. Galanakis (2021), the use
of high-quality milk fat substitutes in combi-
nation with valuable nutritional supplements
makes it possible to regulate the composi-
tion of the product, and therefore its proper-
ties, obtaining products with a balanced fatty
acid composition that meets the principles
of healthy nutrition. Competently balanced
cheese analogues allow, in addition to expand-
ing the range, to obtain products of improved
quality in terms of nutritional value, shelf life
and sensorial perception.

The above considerations predefine the re-
search aim, which is to analyse the effect of the
content of cheese analogues namely milk fat
substitutes, soy protein isolates and lactobacilli
species upon the physical, chemical, and sen-
sorial traits, and amino acids content of these
products.

Materials and Methods

The principal idea while planning the research
its results being presented herewith was the
closest possible simulation of the tradition-
al manufacturing process of hard cheeses but
with the above-mentioned substitution of raw
materials. The objects of research are specified
in Table 1.

Table 1. Composition and characteristic traits of the objects of research

Object of research

Composition and characteristic traits

Fermenting bacterial

concentrate for hard

rennet cheese with a
low temperature of the

Contains cultures of lactobacilli species Lactococcus lactis ssp. lactis and L. lactis
ssp. cremoris, which provided the necessary level of acid formation, as well
as aroma-forming species L. lactis ssp lactis bv. diacetilactis and Leuconostoc
mesenteroides; soy protein isolate (protein content — 90%, odourless, neutral

second heating (FBC) taste, no dietary fibre)
MFS1 Melting point — 32-34°C, hardness according to Kaminsky - 140-180 g/cm
Milk Fat Substi- MFS2 Melting point — 32-34°C, hardness according to Kaminsky — 80-120 g/cm
tutes (MFS) MFS3 Melting point — 32-36°C, hardness according to Kaminsky — 120-140 g/cm
MFS4 Melting point — 32-34°C, hardness according to Kaminsky — 120-140 g/cm

Source: author’s development
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Cheese and cheese analogues with com-
bined protein and fat phases were produced
according to the technology of hard cheese
with a low temperature of the second heating
(DSTU 4421:2005 (2007). Basic technical pa-
rameters of cheese production:

Fat content in dry matter (by weight) — 45%.

Water content (by weight):

after pressing — 44-46%;
ripe cheese — 40-41%.

NacCl content (by weight) — 1.5-1.9%.

the pH of cheese:
after pressing — 5.4-5.5;
ripe cheese — 5.3-5.4.

Second heating temperature — 38-41°C.

Ripening time - 45 days.

Ripening temperature — 10-12°C.

The cheese was shaped like a low cylin-
der with a slightly convex side surface and
rounded edges. The top and bottom surfaces
may be slightly convex, the height of the curd
head was 8-9 c¢m, diameter 24-25 cm, weight
3.5-3.7. The cheese had a moderately mild taste
and aroma with a slightly spicy aftertaste and
slight acidity. The dough is soft and plastic. On
the cut, the cheese had a pattern consisting of
holes of a round or slightly flattened shape. The
skin of the cheese was thin, even, without dam-
age and a thick subcortical layer, the coating
was paraffin wax, and the colour of the dough
was from white to slightly yellow.

When developing analogue products with a
combined protein phase, soy isolate, which by
mass fraction was 30% of the total protein con-
tent, was dissolved in cow milk and the mixture
was pasteurized for 10 minutes at a tempera-
ture of (75+3)°C.

For the products with a combined fat phase,
the milk mixture was prepared as follows: whole
cow’s milk was pasteurized for 10 minutes at a
temperature of (75+3)°C. Part of the milk was
separated to extract the cream. Cream and MFS
were used to normalize the initial milk formula
for fat (up to 3%), while MFS was added in an
amount of 30% of the total fat content in milk.

The resulting milk mixture was subjected to ho-
mogenization under pressure (12.5+2.5) MPa at
a temperature of (60£3)°C.

The control cheeses were made from whole
cow’s milk. The ripening duration of cheese an-
alogues and control cheeses was 45 days at a
temperature of 10-12°C. The following research
methods were used in the work:

determination of active acidity (pH) — po-
tentiometrically according to (DSTU 8550:2015
(2017);
determination of solids content (by
weight) — according to (DSTU 8552:2015 (2017);
ISO 5534:2004 (2004) and on a water content
analyser MA 30 Sartorius;
determination of non-casein nitrogen
content (by weight) — by the Kjeldahl method
according to (ISO 17997-1: 2004 (2004);
determination of total protein (by
weight) - by the Kjeldahl method according to
(ISO8968-1:2014.(2014);1S08968-5:2001(2001).
determination of casein content (by
weight) — according to (ISO 17997-1: 2004 (2004);
determination of the fractional compo-
sition of proteins — by the Polyacrylamide Gel
Electrophoresis (PAAG) (Laemmli, 1970).

For the correct analysis of the data ob-
tained by splitting the proteins the value of the
sum of caseins (ag-casein+f-casein) was taken
in the products at the post-pressing stage as
100% and further calculations were performed
based on the said provision.

Analysis of the fractional composition of
the proteins of the studied samples was ful-
filled by denaturing electrophoresis in 12.5%
polyacrylamide gel in the presence of sodium
dodecyl sulfate using an electrophoretic cham-
ber, at a constant current strength and a voltage
of 55V and 130V, for 2 hours. A marker consist-
ing of 11 preparations-standards with molecu-
lar weights of 250, 150, 100, 70, 50, 40, 30, 20,
15, 10, and 5 kDa (Thremo, USA) was used as a
standard solution. Qualitative and quantitative
determination of the protein composition of
the samples was carried out after densitometry
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of the obtained electropherograms with their
subsequent processing using the specialized
computer software ImagePro v3.

Characterization of the quantitative compo-
sition of free amino acids was carried out on the
amino acid composition of the samples and was
studied on the analyser LC-2000 (Biotronik). A
sample of the product (20 g) was placed in 50 cm3
beakers, and 10 cm? of a trichloroacetic acid solu-
tion with a mass fraction of 60% was added to
precipitate protein fractions. After 20 min, the
precipitated proteins were filtered off on a paper
filter and washed with 10 cm?® of a trichloroacetic
acid solution with a mass fraction of 5%. 1 cm? of
concentrated sulfuric acid and 6 cm? of a solution
of phosphotungstic acid with a mass fraction of
25% were added to the filtrate. The precipitate
formed after 24 h was filtered off on a paper filter
and washed with 15 cm® of H,SO, solution with a
mass fraction of 5%. The filtrate was used to de-
termine the content of free amino acids.

The obtained results and graphical rep-
resentation of the experimental data were carried
out using standard Microsoft Excel 2010 statisti-
cal processing programs. The accuracy of the ob-
tained results was ensured by three or five repeti-
tions of the studies. Graphical dependencies were
built, and the table shows the arithmetic results
of parallel measurements with a value of p=0.05.

Results

Commercially available products were used to
ensure the practical significance of the study.
The bacterial concentrate chosen is a meso-
philic starter used in the production of cheeses
with a low heating temperature. It is suitable
for all soft cheeses, semi-hard cheeses as well
hard cheeses such as Swiss cheese and Parme-
san. The manufacturers guarantee a high yield
of the finished product, good water-holding ca-
pacity, and facilitate easy separation of whey.
The bacterial concentrate gives the cheese a
classic sour-milk taste. Another important trait
of the bacterial concentrate chosen was the
possibility to apply it not only to whole milk
cheeses but also to the cheese analogues with
the milk fat replaced by substitutes. All the
products used in the formulations of cheese
analogues produced in the study were special-
ized milk fat substitutes manufactured from
plant raw materials and guaranteeing proper
trans isomers content as well as proper nutri-
tional value and reliable technological charac-
teristics.

Even though the basic conditions for the
manufacture of cheese analogues were the
same (temperature regimes, bacterial concen-
trate), the experimental variants of cheese an-
alogues differed in terms of active acidity and
moisture content (Table 2).

Table 2. Physical and chemical indicators in the production of cheese analogues

Active acidity, pH units

Water content (by weight), %

Variant

after pressing ripen;;iyzor 45 after pressing ripen;;lygor 45
Control 5.58 £0.05 5.15+0.03 44.39+0.12 38.21 #0.62
Cheese analogues
with MFS1 5.16 £0.04* 5.10 £0.04 48.15+0.67* 41.81+0.75*
with MFS2 5.26 £0.01 5.03+0.01* 55.09 = 1.06* 47.83+0.17*
with MFS3 5.17 £0.01* 5.18 £0.02 46.01 +0.75 41.90 +0.34*
with MFS4 5.26 £0.02 5.17£0.01 45.03+0.17 39.86 £0.25
with soy isolate 5.64 £0.02 5.13+0.01 48.84 +0.05* 39.89£0.13

Note: * - the difference with the control is significant at P< 0.05

Source: author’s development
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After pressing the cheese dough of the ex-
perimental variants with MFS a lower active
acidity and higher moisture content in compar-
ison to the control cheeses was highlighted. The
variant of the cheese analogue with soy isolate
was similar in terms of active acidity to the con-
trol, but its moisture content was also higher.

During ripening, the active acidity of the
curd dough in all experimental variants, except
for the variant with MFS2, became similar to
the control cheese, however, the water content
remained higher. Figures 1 and 2 present the
fractional composition of proteins determined
according to the method specified above.

— Polypeptides 120-70 kDa

aS-caseins

" & p-casein
D—— Polypeptides 20-18 kDa

Polypeptides 16-13 kDa

1 2 3 4 5 6 7

Figure 1. Electrophoretic separation of proteins of analogue cheeses with MFS. 1 — cheese after
pressing; 2,3 — ripened control cheeses; ripened analogue cheese products: 4 — with MFS1;
5 — with MFS2; 6 — with MFS3; 7 — with MFS4
Source: author’s development

Polypeptides of soy %

95-67 kDa

48-45kDa \

38-36 kDa .
\

Proteins of milk
aS-casein
B-casein

-

5 6
Figure 2. Typical protein electropherograms: 1,2 — cheese analogues with soy isolate after press-
ing; 3 — soy isolate; 4 — cheese after pressing from cow’s milk; 5 — ripe cheese analogue with soy

isolate, partially washed from caseins; 6 —cheese analogue with soy isolates on the 45" day of
ripening: 7 — ripe cheese (control)

7

Source: author’s development
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After pressing, the content of individual
fractions of proteins and polypeptides was sim-
ilar in all variants of cheese analogues MFS and
the control, in the variant with soy isolate, the
analysis of the protein composition showed the
presence of clear bands of characteristic soy pro-
teins with molecular masses of 48 — 45 kDa and
38 — 3 kDa (Fig. 2). During further ripening, pro-
teolytic processes proceeded with different inten-
sity and had different directions in experimental
versions of cheese analogues and controls. The
a,,-casein fraction, especially in the version with
MFS2, was subjected to the strongest splitting
during the ripening of the cheese dough, a,-ca-
sein was much weaker, and B-casein was hydro-
lysed to the least degree. A decrease in the level
of caseins was accompanied by the formation of
polypeptides of different molecular weights.

In experimental cheese analogues with soy
isolate after pressing, the total content of ca-
seins was 52.89% of the total protein content,
and soy proteins — were 29.71%. The weakening
or almost complete absence of characteristic
bands of soy proteins in the protein spectrum
of ripe cheese analogues with soy isolate can
be explained by active proteolytic processes
that occurred during ripening, proteins of soy
isolate accounted for less than 5% of the total
protein content in the ripe product.

The total content of caseins in control
cheeses and cheese analogues pressing was
(83.53%0.20) % of the total protein content. Ta-
ble 3 shows the relative content of ag-casein,
B-casein and their sum in experimental vari-
ants and control cheeses after pressing and af-
ter 45 days of ripening.

Table 3. Decomposition of caseins during ripening of cheese analogues

The relative content of caseins (%)

Variant
Sum of caseins ag-caseins B-casein
Cheese analogues and control cheeses after pressing 100 56.36 43.64
Control, ripening for 45 days 84.75 43.31 41.44
Ripe cheese analogues
with MFS1 79.53 37.88 41.65
with MFS2 69.84 30.94 38.90
with MFS3 80.96 38.11 42.85
with MFS4 80.63 39.09 41.54
Cheese analogue with soy isolate after pressing 100 55.85 44.15
Ripe cheese analogue with soy isolate 85.11 42.87 42.24

Source: author’s development

During ripening, the content of caseins
in the control cheeses decreased by 15.25%,
mainly due to the cleavage of o,-casein.

On the 45th day of ripening, the decompo-
sition of caseins in all variants of cheese ana-
logues with MFS was higher than in the control.
If the total level of caseins in control ripe cheese
decreased by 15.25%, then in the variants with
MFS1 - by 20.47%, with MFS3 - by 19.04%, with

Animal Science and Food Technology. 2023. Vol. 14, No. 3

MFS4 - by 19.37%. To the greatest extent, the
total level of caseins decreased in the variant
with MFS2- by 30.16%, and, compared to oth-
er experimental variants, the decomposition of
B-casein was also higher.

Changes in the spectrum of free amino acids
at the beginning (after pressing) and at the end
of ripening (after 45 days) of the studied cheese
analogues with soy isolate are given in Table. 4.
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Table 4. Qualitative and quantitative composition of free amino acids in cheese analogues
and control cheeses (mg/100 g of product)

Amino acid Control Cheese analogue
after pressing ripe after pressing ripe
Threonine -* 27.168** - 14.085
Valine - 6.189 0.159 2.883
Methionine - 0.954 - 0.306
Leucine 0.297 42.063 0.696 20.067
Phenylalanine 0.426 50.619 0.738 28.218
Lysine 8.4 22.932 15.615 16.446
Glutamic acid 20.124 51.156 31.428 35.385
Proline 9.444 16.587 12.327 11.163
Alanine - 8.43 - 4.581
Aspartic acid 0.945 3.105 0.387 0.411
Tyrosine 6.429 37.281 9.075 28.551
Histidine 2.409 32.217 3.78 16.14
The total amount of free 48.474 298.701 74.205 178.236
amino acids: 9.123 149.925 17.208 82.005

of which are essential:

Note: * No compound; ** Measurement error does not exceed 5%

Table 5. Qualitative and quantitative composition of free amino acids in ripe cheese analogues
with MFS (mg/100 g of a product) *

Amino acids MFS1 MFS2 MFS3 MFS4 Control
Threonine - - 10.29 8.69 -
Valine 11.13 8.49 10.23 721 11.59
Methionine 1.70 1.76 3.02 1.60 3.01
Ileucine 1.51 1.43 0.77 0.54 1.31
Leucine 29.83 21.03 16.88 15.59 22.99
Lysine 29.54 22.54 21.35 23.95 26.18
Phenylalanine 31.44 24.90 23.95 24.51 31.85
Serene 7.65 4.80 - - 9.67
Glutamic acid 59.09 46.41 42.89 40.08 50.70
Proline 25.40 59.48 43.80 40.16 50.81
Alanine 7.28 6.18 7.54 6.49 8.76
Tyrosine 39.71 24.54 29.67 26.05 30.72
Histidine 6.67 17.83 17.92 17.39 20.94
Arginine 1.30 1.18 0.69 0.66 -
Glycine 1.64 1.68 1.62 1.47 2.38
Aspartic acid 12.45 9.35 9.42 8.80 -

Note: * Measurement error does not exceed 5%
Source: author’s development
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From the data presented in Table 5, the
content of free amino acids, which is low at the
beginning of ripening, significantly increased
in ripe products. In the experimental variant
with soy isolate by 2.4 times, and in the control
variant by 6.2 times compared with the stage
after pressing. At the same time, in ripe cheese
analogues, the level of free amino acids was
1.7 times lower, and free essential amino ac-
ids — were 1.8 times lower compared to control
cheeses. Such values of the above said parame-
ters confirm a lower nutritional value of cheese
analogues which can be a benefit within special
diet plans.

Discussion
Carious cheese analogues were analysed and
studied by researchers around the world. Full
or partial replacement of milk fat with vege-
table analogues provides cost reduction and
stabilizes product quality since the production
and composition of substitutes are not subject
to seasonal fluctuations (Kamath et al., 2022).
The possibility of making an analogous cheese
product by incorporating and/or substituting,
partially, milk fat with olive oil, as well as de-
termining the optimal parameters for its pro-
duction was studied. The addition of olive oil
generated a beneficial effect on the level of cho-
lesterol in the blood, therefore, although the fat
content of the product and its caloric level is
increased, the detrimental effect of saturated
fatty acids is not increased, but it decreases.
The lipid content of the whey of the respec-
tive preparations was analysed to calculate the
amount of fat that passed to the whey (Alonso
Degeneffe, 2019). The role of polyunsaturated
fatty acids and phospholipids in the prevention
and treatment of lipid metabolism disorders,
in particular atherosclerosis, has been proven
(Sokota-Wysoczanska et al., 2018). The most im-
portant characteristic of fat is the composition
of the fatty acids that form it. It should be bal-
anced in terms of the ratio of saturated, mon-
ounsaturated, and polyunsaturated fatty acids,

Animal Science and Food Technology. 2023. Vol. 14, No. 3

especially in terms of the ratio of polyunsatu-
rated fatty acids of the omega-3 and omega-6
families. At the same time, the undesirability of
the use of products containing the trans iso-
mers of fatty acids, and the consumption of
products containing a significant amount of
saturated fatty acids, has been proven (Dhaka
etal.,2011).

According to A. Badem & G. Ugar (2016),
the agent starting casein hydrolysis is plasmin.
During storage proteolysis increases, but such
texture parameters as firmness, viscosity and
chewiness tend to decline. No efficiency is shown
by non-starter lactic acid bacteria compared
to plasmin during casein hydrolysis. However,
the said bacteria do form casein-peptide de-
rivatives. Peptidase, dipeptidase, tripepditase,
carboxypeptidase, aminopeptidase and en-
dopeptidase and proteinase are the enzymes
Lactobacillus has the said enzymes being uti-
lized and the necessary amino acids are thus
obtained. The formation of the above-listed
enzymes is determined by isolating peptides as
well as free amino acids from the casein having
undertaken the hydrolysis process. During stor-
age plasmin and microbial enzymes behave in a
contradicting way thus maximizing free amino
acids content (Mulvihill & McCarthy, 1994).

In the study C.R. Cunha et al. (2010), an-
alogues of cheese “Requeijao cremoso” were
studied, which were made by replacing 25% and
50% of milk fat with vegetable fat. Replacing
part of the milk cream with vegetable fat led to
an increase in hardness. Traditional cheese was
a homogeneous protein mass, in which numer-
ous small fat particles were dispersed, while in
analogues fat globules were present of a large
diameter, such changes were observed in sam-
ples with an enlarged vegetable fat particle.

The manufacturing process of a cheese
analogue with the second heating is character-
ized by (Mogutova et al., 2021). The said pro-
cess consists of three successive stages, which
are carried out at a speed of not more than
10...20 revolutions per minute with intensive
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kneading. Stage 1 - heating is carried out at a
temperature of 38 ... 42°C for 10 ... 15 minutes.
Stage 2 — vegetable flour and salt are added to
the curd (no more than 2 ... 2.5%). The curd is
intensively mixed with an increase in tempera-
ture to 50... 55°C. Stage 3 — the curd is kept at a
temperature of 60 ... 65°C for 10 ... 15 minutes.
The product is formed in the form of bars, cyl-
inders, spheres, and other shapes and pressed
at a load of 2...3 kg/cm? for 1...3 hours until the
cheese product reaches a mass fraction of mois-
ture of 40...60%. Ripening of the curd product is
within 12...18 days at a temperature of 5...15°C
and a relative air humidity of about 85%. After
the ripening period, the cheese analogue has a
curd, slightly sour taste, and smell characteris-
tic of prescription components; homogeneous,
tender, slightly fragile or brittle, as dense as
possible; colour — from white to yellow, uneven
colour is allowed. Dough without holes; single
cells of irregular shape are allowed. For a cheese
product, the shelf life is 14 days from the end
date of maturation.

A new type of semi-hard cheese product
has been developed using a milk fat substitute.
The said cheese product is made from a nor-
malized vegetable-milk mixture, by acid-rennet
coagulation of proteins, followed by moulding,
self-pressing, pressing, salting, and ageing.
Physical and chemical parameters of the raw
materials for the cheese product were fat con-
tent in dry matter (by mass) — 45.2%, water
content - 48%, and pH - 5.5. Compared to typ-
ical cheeses with low second heating temper-
ature new type of cheese analogue had higher
moisture content. This has been achieved by
norming milk during the formation of the mix-
ture, adjusting the temperature of the second
heating and the duration of cheese grain pro-
cessing, as well as reducing the duration of
pressing and ripening (Savchenko et al., 2018).

The use of corn oil in the production of
light cheese instead of milk fat significantly af-
fected the amount of dry matter, fat and salt in
the dry matter, protein and titrated acidity and

pH value of the samples. During the ripening of
cheeses, the content of water-soluble nitrogen
increased. However, no differences were found
between the peptide profiles of all cheese sam-
ples (Arslan et al., 2014).

The replacement of milk fat with emulsi-
fied olive oil and the production of the Gouda
cheese analogue resulted in a lower solids con-
tent in cheeses containing fat substitutes than
in full and low-fat control cheeses due to the
higher water-binding capacity of fat substi-
tutes. The values of free fatty acids were high-
est in the case of cheese products with reduced
fat content (Felfoul et al., 2015).

Reduced-fat cheese analogues are made
from partially skimmed cow’s milk with the ad-
dition of soy protein concentrate. It was found
that cheese analogues had higher protein con-
tent with an increase in soy protein content,
which confirms that part of the soy proteins
remained in the casein matrix, and the fat
content increased to 22% relative to the con-
trol sample. However, foods were classified as
low-fat foods and considered functional as an
additional source of plant-based protein with
a high biological value due to the high con-
tent of amino acids and essential fatty acids
(Rinaldoni et al., 2014).

Thus, the obtained values of the physical
and chemical indicators of cheese analogues
do not correspond to the results obtained by
(O’'Malley et al., 2000): results of pH values
measured were from pH 5.03 to pH 5.18 when
authors showed pH 7.29 - 7.33 for rennet ca-
seins; pH 6.40 — 6.50 for pilot scale cheese ana-
logue; pH 6.46 — 6.48 for industrial scale cheese
analogue. For our samples water content (by
weight) was 39.86% — 41.90%, while (O’Malley
et al., 2000) showed 50.30% —50.88% for sam-
ple scale cheese analogue and 47.42% - 47.76%
for industrial scale cheese analogue. Such a
discrepancy seems to originate from the differ-
ences in plant raw materials used in the studies
compared. However, the electrophoretograms
of proteins are the same in both studies.
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Comparing our results of pH and water
content (by weight) shown in the paragraph
above and the data of other scholars: pH 6.10
and water content 48.80% for analogue pizza
cheese (Fox et al., 2000; Chavan & Jana, 2007;
Gao et al., 2022); pH 5.66 and water content
53.35% for analogue mozzarella cheese (Jana,
1998; Chavan & Jana, 2007) it can be stated that
the said results are consistently close.

The results of pH and water content
(by weight), according to D.M. Mulvihill &
A. McCarthy (1994) were pH 6.17 and 47.21%.
The electrophoretograms of proteins do not
contradict those made during our studies.

The comparison of the data obtained dur-
ing the research and the results published by
the scholars mentioned shows that results of
the determination of physical and chemical
traits as well as the described peculiarities of
the technological processes applied are not
controversial and originate mostly in the great
diversity of raw material used.

Conclusions
If in the cheese dough after pressing the dif-
ferences in the spectrum of free amino acids
between the variants were insignificant, in ripe
cheese analogues they accumulated signif-
icantly less than in the control cheeses: from
MFS1 and MFS4 - by 24.4%, from MFS4 - by
26.7%. Only in ripe cheese analogue with MFS1
the total amount of free amino acids was almost
equal to the control product. During ripening,
the content of these compounds increased in

During ripening, individual free amino ac-
ids accumulated from 3-7 to 30-40 times. The
ratio between essential and non-essential free
amino acids slightly increased in all variants.

The specific cheese taste is known to be
determined by significant amounts of free
proline, methionine, as well as aspartic and
glutamic acids. These amino acids accumu-
lated during ripening in all variants, both
experimental and control. Active proteolyt-
ic processes led to the appearance of all ripe
products of such essential amino acids as me-
thionine and isoleucine, there was also an in-
crease in the level of glycine. The presence of
free arginine was characteristic of ripe prod-
ucts with MFS, which in significant quantities
can give the product an unpleasant aftertaste
of spoilage. In the control cheeses, the pres-
ence of this amino acid in the unbound state
was not found.

The results obtained and the literature
sources reviewed substantiate the possible
directions of research the most promising of
these being: embracing a wider range of cheese
analogues and the ingredients used for their
manufacturing, mostly milk fat substitutes as
well as complex bacterial concentrates. Series
of research on the texture of the said cheese
products should be fulfilled embracing the rec-
ognized sensorial methods as well as Texture
Profile Analysis employing a relevant testing
machine.
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AHoranisg. Hespaskaioun Ha MIKMPOKe BMPOOGHUIITBO AHAJOTIB CUPIB, JO CKIAAY SIKMX BXOISITb
POCIMHHI PEUOBMHMU, TEOPETUYHI OCHOBM IIPOIIECIiB iX BUPOOHMIITBA, Y TOMY UMCIi TTPOTEOIi3,
e HeJOoCTaTHbO BUBYEHi, TOMY TeMa JaHoi po6OTM € aKTyajJbHOW0. MeTol AaHoi poboTu €
BU3HAUEHHS BIUIMBY BMICTy aHaJIOTiB CUpPY, a caMe 3aMiHHMKIB MOJIOUHOTO XXUPY, i30751TiB
CoeBOTO 6inKa, akTobart Buny Lactococcus lactis ssp. Lactis, L. lactis ssp. cremoris, L. lactis ssp
lactis bv. diacetilactis, a TakoxX Leuconostoc mesenteroides Ha ¢i3u4Hi, XiMiuHi Ta OpraHoJIeNTUYHI
XapaKTEePUCTUKH, & TAKOXX Ha BMIiCT aMiHOKMC/IOT B aHajiorax cupy. BusHaueHHS ¢i3MKo-XiMiyHMX
MMOKAa3HMKIB IMPOBOAWIN 32 HOPMATUBaMM: aKTUBHOI kKuctoTHOCTi (pH) — ICTY 8550:2015; BMmicT
CYXUX peuoBMH (3a Macorw) — [ICTY 8552:2015 ta ISO 5534:2004; BmMicT HeKa3eiHOBOrO a30Ty (3a
Macoro) — ISO 17997-1:2004; 3araiabHuii 6is0K (3a Macorw) — ISO 8968-1:2014 ta ISO 8968-5:2001;
3MicT Kaseiny (3a macoro) — ISO 17997-1:2004. BusHaueHHs GhpakIliiiHOTro CKIaAy 6i/IKiB MpoBOaMIN
MeTooM eyieKTpodopesy MoMiakpuaaMigHOMy resti. K10 B CUPHIi Maci micas mpecyBaHHS
BiIMiHHOCTi B CIeKTpi BiTbHMX aMiHOKMCJIOT MiX BapiaHTamMu OyaY He3HAUYHMMM, TO Y 3piIux
aHaJIorax CUpy iX HAaKOMMUYYBAIOCS MeHIIIe, HisK Y KOHTPOJbHUX CHPaX, TUIbKM B OTHOMY aHAJIOTy
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CUpy 3arajbHa KiJIbKiCTh BUTbBHMX aMiHOKMCIOT G6Y/I0 MeHIIle, Maiiske 3piBHABCS i3 KOHTponeM. Y
npotieci J03piBaHHS BMICT I[MX CITOMYK 36iIbIIMBCS B aHAJIOTAX CUPY Bifm 2,2 mo 3,3 pasu, y KOHTPOJIi
BMICT BiIbHUMX aMiHOKMUCIOT 36inbiinBesa y 2,5 pasu. IIpy mo3piBaHHI HAKOMMYEHHS OKPEeMMX
BIIbBHMX aMiHOKMCIOT CTaHOBWIO Bif 3-7 mo 30-40 pasiB. AKTMBHI IpOTeONiTMYHI mIpouecu
TIPU3BEJIU 10 TIOSIBU Y BCiX CTUITIMX MTPOAYKTaX TAKUX He3aMiHHUX aMiHOKMCIIOT, SIK METIOHIH Ta
i30/1eiIIVH, TAKOX BiIOY/IOCS IMiABUIIEHHS PiBHS MIiLMHY. [IpakTHuHe 3HAYEHHSI POOOTH TOJISITaE
B OOIPYHTYBaHHI pallioOHATbHUX MPOTEOTITUUHMX TIPOIECiB MPY BUTOTOBJIEHHI aHAJIOrIB CUDY 3
MeTOI0 3a0e31eveHHs CIIOKMBYOI SIKOCTi, HABIVKEeHO1 10 SIKOCTi CUPiB 3 MOJIOKA

Kiio4oBi ci1oBa: MO/IOUHA TPOMMCIOBICTD; MOJIOKOBMIiCHMI 3aMiHHMK MOJIOYHOTO XXUPY; Hi3nKO-
XiMiuHi BJIaCTMBOCTi; aMiHOKUCIOTU
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