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Abstract:

The article describes the results of the studies on the soft curd cheese technology development based on calcium-containing protein
concentrate, with the addition of modified collagen-containing raw materials (cattle rumen), to prevent osteoporosis. It has been established
that the introduction of collagen-containing rumen biomodified with lactic bacteria in the amount of 5% of the cheese mass volume yields a
cheese with the best consumer properties. It has been noted that the use of collagen-containing raw materials in the production of curd cheese
allows obtaining a cheese dough with dense elastic structure without the use of expensive enzymes, emulsifiers and stabilizers. A
recommended shelf life of the enriched curd cheese of about 12-14 days has been established. The developed curd cheese technology has
provided a therapeutic product with good organoleptic characteristics, containing the significant amount of calcium, biomodified collagen, and
viable lactic bacteria cells. Curd cheeses produced as per the technology are essential in the treatment and prevention of osteoporosis and

associated diseases.
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INTRODUCTION

Due to its high prevalence and medico-social
significance osteoporosis is among the top five most pressing
diseases for the healthcare of developed countries. Modern
prevention and treatment methods allow improving the quality of
bones and reducing the incidence of fractures in a significant
number of patients. Prevention of osteoporosis includes activities
aimed at maximizing bone mass peak in children and young
people, as well as maintaining bone mass and preventing falls in
people of the older age group [1-4]. The main approach to the
prevention of osteoporosis is to increase the intake of calcium,
vitamin D and collagen [5-13]. Adequate calcium intake is among
the factors necessary to achieve the required bone mass peak, as
well as to maintain it throughout life [5, 6, 8-10]. Milk and dairy
products (especially cheese) contain the largest volumes of
calcium. It should be noted that calcium in dairy products is well
digested, regardless of the presence of vitamin D [11, 12].
Collagen helps calcium to stay in the bones and, therefore,
increases their elasticity and density [13, 14]. The widespread lack
of calcium and collagen consumption with food products dictates
the need to develop special complex preparations, dietary
supplements and specialized products containing these
components.

The world nutrition science recognizes cheese as a
highly nutritious, biologically sound and easily digestible product
[15-18]. It is an indispensable and obligatory component of the
human diet. Curd cheeses make up a special group of cheeses.
Biochemical processes occurring during the production of curd
cheese result in the formation of peptides and amino acids, giving
them the properties of dietary products [15, 18].

The traditional production of high-protein products
(cottage cheese and cheese) consists in accumulating the protein-
fatty part of milk and transforming these components into
compounds, which determine the specific physico-chemical and
organoleptic characteristics of the product [15, 19]. Milk
components in cheese production are concentrated starting with
the coagulation of milk by enzymatic, acidic, acid-enzymatic
method or thermo-acid method of protein sedimentation [15].
Thus, destabilization of the colloidal phase of milk, and separation
thereof from a part of the dispersed medium is an essential cheese
production stage. In contrast to the traditional cheese production
methods, the authors chose another approach, i.e.
the concentration of skim milk components by thermocalcium
coagulation, followed by protein fermentation with proteolytic-

active cultures of Lactobacillus helveticus lactic bacteria [20, 21].
The curd cheese produced this way will have a high biological
value due to whey proteins and easily digestible calcium in its
composition; it will allow more efficient use of valuable
components of raw materials; the process of cheese production
minimizes labor force, energy costs and production space.

To enrich the curd cheese with collagen, it was decided
to add modified collagen-containing raw materials to the calcium-
containing concentrated protein mass. Category Il byproducts,
namely, the rumen rich in collagen proteins (6.8% of the mass of
raw tissue) are of particular interest as collagen-containing raw
materials (CCRM). Rumen biomodification with probiotic
microorganisms will allow to improve the main functional and
technological indicators of the collagen-containing raw material
and to use it to enrich the curd cheese without deteriorating the
organoleptic and other indicators [22-30].

The work is aimed at the development of a soft curd
cheese technology based on calcium-containing protein
concentrate with the addition of processed CCRM.

MATERIALS AND METHODS

The protein-collagen basis of the curd cheese was
developed taking into account the results of the previous studies
[20, 21].

Milk-protein concentrates (MPC) were used as a protein
basis for soft curd cheese. The MPC was obtained by thermal
calcium coagulation of skimmed cow milk, followed by
fermentation of proteins with Lactobacillus helveticus Hy7.4g lactic
bacteria. The coagulant was introduced into milk in the form of a
20% CacCl, solution in an amount of 1.5 g/l at of 95 °C. The
protein clot was fermented under the following conditions: the
dose of the lactic bacteria starter was equal to 5%, the temperature
was (40 £ 2) °C, and the duration was 4 hours until reaching the
acidity of (100 + 2) °T. The calcium content in fermented MPC
was 265 mg/100 g [20, 21].

The cattle rumen was used as a collagen-containing raw
material (CCRM). The raw materials were accepted and prepared
as per GOST 32244-13 “Processed meat byproducts. Technical
conditions". In order to level the negative features of the structure,
properties and composition of the rumen, the collagen-containing
raw material was preliminarily subjected to heat treatment. The
rumen was cleaned, washed, cut into pieces of 2.5x3 cm and
cooked at 100 °C for 2-2.5 hours until softened (the ratio of raw
materials to water was 1 : 2). After cooking, the rumen was
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crushed on a mincer of 2-3 mm in diameter at the room
temperature in order to preserve the fiber-forming ability of
dispersed collagen. Bacterial concentrates based on Lactobacillus
helveticus Hy7.45 Were used as cultures for rumen fermentation.
The rumen was fermented under the following conditions: the
dose of the lactic bacteria fermentation was 5%, the temperature -
(40 = 2) °C, and the duration - 5 h.

The use of lactic bacteria of the L. helveticus Hy7.1g type
for the fermentation of raw materials allows activating proteolytic
processes, increases calcium, contributes to the formation of
certain organoleptic properties, and also increases the nutritional
and biological value of protein and collagen-containing raw
materials [30, 31, 20].

Organoleptic and physico-chemical indicators of curd
cheese were defined by the standard methods: organoleptic
indicators - as per GOST R GOST R ISO 22935-2-2011; mass
fraction of moisture - by drying the sample in a drying cabinet as
per GOST 3626-73; the mass fraction of protein in the cheese was
determined as per GOST R 54662-2011; the mass fraction of
calcium was determined by the volumetric method using
ammonium oxalate on a Solar M-6 atomic absorption
spectrophotometer with a flame atomizer; active acidity was
determined by the potentiometric method as per GOST 32892-
2014; and titrated acidity was determined by titration as per
GOST 3624-92.

The number of lactic bacteria cells was determined by
limiting dilutions on a dense agar MRS medium as per TU 10-10-
02-789-192-95. E. coli bacteria were determined as per GOST
32901; yeast and mold - as per GOST 10444.12, and GOST
33566.

All experiments were carried out in 3-5 replicates. The
data obtained were processed using an Excel statistical software
package using the Mann-Whitney test. Statistically significant
differences at p < 0.05 were discussed.

RESULTS AND DISCUSSION

At the first stage of the work, the protein-collagen base
of cottage cheese was built, and its composition was
experimentally substantiated.

According to literature data [22-29], when enriching
foods with various rumen-based additives, special attention should
be paid to sensory indicators, since the use of this type of
collagen-containing raw material makes it difficult to obtain a
product with good organoleptic and physiological properties.
Since collagen is not only a high-protein product but also a
product with a high degree of hydration that binds water and fat
well, which is an excellent emulsifier and stabilizer, besides

controlling sensory parameters, particular attention should be paid
to the consistency, moisture content and protein in the enriched
product [32].

In this regard, in the following series of experiments, the
effect of a biomodified collagen-containing rumen on the main
organoleptic, physico-chemical and microbiological indicators of
cottage cheese based on calcium-containing milk protein
concentrate was determined. CCRM were added to calcium-
containing milk protein concentrate after self-pressing at a dosage
of 5, 10 and 15%. The obtained samples were thoroughly mixed
and shaped in the form of a bar and pressed. Curd cheese without
collagen served as a control. The results of the assessment of the
quality indicators of the studied samples are presented in Table 1.

Analysis of the data in Table 1 has shown that with an
increase in the mass fraction of CCRM in the product, the
organoleptic properties of the cheese changed, the protein content
increased, and the moisture content in the product decreased. It
has been noted that the curd cheese enriched with 5% CCRM had
the highest organoleptic properties (dense delicate texture, pure
sour-milk taste with a faint taste and flavor of CCRM) and
acceptable physicochemical indicators (mass fraction of protein
19%, moisture - 72%). The increase in the amount of CCRM to
10-15% leads to compaction of the clot structure followed by an
increase in its synergetic properties, as well as a significant
deterioration in the product's organoleptic properties (the
appearance of a pronounced taste and smell of CCRM). The
content of viable lactic bacteria cells in all samples remained at
the same level (10° CFU/cm®).

Thus, based on the research, the optimal dose of
applying a biomodified collagen-containing rumen in an amount
of 5% of the volume of the cheese mass has been chosen, making
it possible to produce curd cheese with the best consumer
properties. The use of collagen containing raw materials in the
production of curd cheese allows obtaining cheese dough with
tight elastic structure without the use of expensive enzymes,
emulsifiers and stabilizers.

At the next stage of the study, the shelf life of curd
cheese enriched with calcium and collagen has been studied.

To determine the shelf life of the product, samples of
the enriched curd cheese packaged in consumer packaging
(polymer film of 100 g) were placed for storage in a refrigeration
chamber at a temperature of (6 + 2) °C. Samples were taken every
2 days.

Organoleptic characteristics, titratable acidity and
microbiological parameters were determined in the studied
samples (Table 2).

Table 1 — Indicators of curd cheese samples, depending on the dose of biomodified collagen-containing rumen introduction

CCRM dose in samples, % of the protein mass

Indicators

Control (without CCRM)

5

10

15

Consistency

Dense, soft, wet

Dense, tender with the
particles of CCRM

Dense, serum sediment is
observed

Excessively dense, rubbery,
pricking. A significant serum
sediment is observed

Taste and smell

Clean, sour milk,
characteristic of soft
cheeses without ripening

Clean, sour milk,
characteristic of soft
cheeses without ripening,
with a weak taste and
smell of CCRM

Clean, sour milk,
characteristic of soft
cheeses without ripening,
with a subtle flavor and
smell of CCRM

Clean, sour milk,
characteristic of soft cheeses
without ripening, with a
strong flavor and smell of
CCRM

Color

White with a cream
shade, uniform

White with a cream shade,
uniform throughout the

White with a cream shade,
uniform throughout the

White with a cream shade,
uniform throughout the mass

throughout the mass mass mass
Mass fraction of protein, % 18+0.6 19+0.1 20+0.3 22+0.2
Moisture content, % 70+0.4 72+0.6 78+0.2 83+0.3
Syneresis, ml 1.5+0.05 1.0 £0.03 0.5 +0.04 0.4+0.05
The number of viable
Lactobacillus helveticus Hi-. 310° 1108 3108 5108

15, cells, CFU/cm?®
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Table 2 — Changes in the quality indicators of the enriched curd cheese during storage

Shelf life, days

Indicators |

o | 2 | 4 | 6 |

8 | 10 | 12 | 14 16 18 20

Organoleptic indicators

Dense, tender consistency with the particles of CCRM. Clean, sour-milk
taste, with a subtle flavor and smell of CCRM. White color.

Dense consistency with the particles
of CCRM. Sour-milk taste, with a
subtle flavor and smell of CCRM and
slight bitterness. White color.

Titratable acidity. °T 105 106 109 114 117 120 122 124 126 127 130
Y, +0.5 +0.2 +0.1 +0.7 +0.6 +0.5 +0.2 +0.2 +0.1 +0.5 +0.1

g E“mbsgl?sf 'EFhS%et'C”S 4010° | 3410° | 2010° | 74107 | 50107 | 4e107 | 24107 | 24107 | 1107 2410° 2:10°

D = 17-18 ’

o O "

S %= | Coliforms per 0.1 g of

28 t detected

5.5 | product no

S £ :)(east mold, CFU/ not detected D-7+1 D-13+2

s » mold, L9 P-3+2 P-5+1

Table 3 - Qualitative characteristics of curd cheese enriched with CCRM
and calcium

Indicator Name Indicator

Sealed product. The presence of a
small amount of serum on the
product surface is allowed. Shape
— low cylinder, or packaging
form, or another arbitrary form.

Appearance

Clean, sour milk, characteristic of
soft cheeses without ripening,
with a barely noticeable aroma of
CCRM

Taste and smell

Dense, tender with the particles

Consistency of CCRM

From white to light cream,

Color uniform throughout the mass

Fat content in dry matter, %, below 5

Moisture content, %, below 75
Mass fraction of milk protein, %, 6.0
above )
Mass fraction of calcium, mg/100 g,

200
above
Mass fraction of modified CCRM, 5
9/100 g, below
Mass fraction of salt (sodium 20
chloride), %, below )
Titratable acidity, °T, below 110

Active acidity, pH units, above 4

The number of Lactobacillus

«10°
helveticus Hi7., cells, CFU/cm® above 1+10

E. coli bacteria (coliforms) Not allowed in 0.01 g

Pathogenic, including salmonella in

25 Not allowed

Staphylococcus S. aureus Not allowed in 0.1 g

Yeast, mold, CFU/g, below D-100, P-100

Not allowed in 125 g (in five

Listeria monocytogenes samples of 25 g each)

The results indicate that the organoleptic characteristics
of the enriched curd cheese remain unchanged during the first 14
days of storage. However, a bitter taste was noted in the samples
on the 16th day, which indicated proteolytic processes. Titrated
acidity changed slightly during the shelf life under study.

Microbiological studies have shown that throughout the
storage period, coliforms were absent in the product, yeast and
mold were found in insignificant quantities only at the end of
storage (however, their number corresponded to the regulated
requirements for microbiological indicators of curd cheese [17]).
As for lactic bacteria, it has been found that on the 18th day of
storage there was a significant decrease in viable L. helveticus
Hj7.1g cells (up to 106 CFU/qg).

Thus, the recommended shelf life of the enriched curd
cheese at a temperature of (6 + 2) °C was 12-14 days. The short
shelf life is explained by the "naturality” of the cheese and sets
apart this product from other brands of curd cheese, the shelf life
of which can reach up to 4 months through the use of
preservatives, stabilizers or heat treatment.

The experimental data obtained allowed to develop a
technology for the production of the curd cheese enriched with
CCRM and calcium. A feature of the new type of the curd cheese
is the use of calcium-containing milk protein concentrate and
biomodified collagen-containing rumen in its production. The
technology provides for the preparation of calcium-containing
milk protein concentrate and bioprocessed cattle rumen followed
by the combination of ingredients, their mixing, salting, shaping,
pressing and packaging. The lack of cheese mass ripening will
reduce the process of cheese production and speed up the turnover
of invested funds.

The qualitative characteristics of the curd cheese are
presented in Table 3.

The data in Table 3 show that the curd cheese has good
organoleptic characteristics, contains a significant amount of
calcium, biomodified collagen and viable lactic bacteria cells. The
intake of 100-150 g of the obtained product, containing about 200
mg of calcium once per day, can satisfy the need for calcium by
20% of the daily scale of an adult. The collagen present in the
product will contribute to better absorption of calcium, as well as
calcium retention in bone tissue and, consequently, an increase in
bone mineral density [13, 14].

The production technology of the new curd cheese
provides for the implementation of two necessary conditions - the
joint presence of digestible calcium and collagen. Fulfilment of
these conditions allows obtaining an innovative functional product
for the treatment and prevention of osteoporosis and associated
diseases.

CONCLUSION

The developed curd cheese technology allows obtaining
a product with high biological value and good organoleptic
characteristics. The curd cheese produced as per the developed
technology is of greater importance in the dietetic nutrition, since
it contains a significant amount of medicinal calcium, probiotic
microorganisms and protein, being at the same time a low-fat
product. Enrichment of cottage cheese with biomodified collagen-
containing raw material allows obtaining a therapeutic and
prophylactic product to prevent osteoporosis and fractures for all
age groups of the population.

The practical value of the research is in the introduction
of the developed technology at the milk and meat processing
enterprises that are interested in the sustainable use of secondary
raw materials and the production of safe, environmentally friendly
foods with therapeutic and preventive properties.
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