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Abstract. The aim of the research is to study the combined effect of micellar casein concentrate and
whey protein microparticulate with polyphenols on the process of rennet coagulation of milk, organoleptic,
physico-chemical parameters and biological value of experimental cheese samples. Cow's milk obtained
from the supplier “Chapaevskoye” farm with a mass concentration of fat 3.9%, micellar casein concentrate
with a ratio of casein: whey proteins 96:4, microparticulate of whey proteins with the inclusion
(encapsulation) of dihydroquercetin in their structure, produced at JSC “Dairy Plant Stavropolsky” were
used as research objects. The mechanism of reducing the astringency of polyphenols by whey proteins is
considered. The relevance of using milk protein concentrates in cheese production is substantiated. The
study of the combined effect of micellar casein concentrate and microparticulated whey proteins with the
inclusion (encapsulation) of dihydroquercetin on rennet coagulation of milk is carried out. A comparative
analysis of quality attributes and amino-acid score of semi-hard cheese enriched with dairy protein
concentrates with "Rossijsky" cheese is given. The research results showed that the standardized dairy
mixture with micellar casein concentrate and microparticulate with polyphenols is suitable for the
production of rennet cheese. According to all physico-chemical parameters, the experimental sample is
close to the control one. The mass fraction of protein is 0.5% higher, the mass fraction of moisture is 1.2%
and the mass fraction of fat is 2.7% lower compared to the control sample. Since the control sample of
“Russian” cheese has a lack of essential amino acids such as methionine and cysteine, it is concluded that
the experimental cheese shows higher performance due to the presence of a microparticulate of whey
proteins rich in sulfur-containing amino acids. The research results allow to conclude that cheese enriched
with micellar casein concentrate and a microparticulate of whey proteins with the inclusion (encapsulation)
of dihydroquercetin in their structure is characterized by stable organoleptic and physico-chemical
parameters and a higher biological value compared to its counterpart, "Russian" cheese.
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Annomayusn. llenvio pabomol s61s8emcsi UCCIeO08AHUE COBMECMHO20 GAUSAHUSL KOHYSHMpPama
MUYETTIAPHO20 KA3CUHA U MUKPORAPMUKYJISIMA CblBOPOMOYHLIX OENIK08 ¢ NONUPEHOIaMU HA Npoyecc
CLIUYIICHO20 — CBEPMBIBAHUSL  MOAOKA, Op2aHolenmuveckue, Qu3uKo-xumuiecuke noxkasameiu u
OUONIO2UYECKYI0 YEHHOCMb ONBIMHBIX 00pA3Y06 cbipa. B kauecmee 06bekmos uccied08anull UCHOIb306AIU
MOJIOKO Kopogbe-cvipbe, noayuennoe om nocmasuuxka OO0 CII «Hanaesckoe» ¢ maccootl 0onell iHcupa
3,9%, KomyeHmpam MUYELIAPHO20 KA3eUHd C COOMHOWEHUeM KAa3eun. cbleopomounvle Oenku 96:4,
MUKDONAPMUKYISAM  CbIBOPOMOYHLIX DENK08 C BKIIOUeHUeM (UHKANCYIUPOBanuem) 6 ux CmpyKmypy
oueuopoxsepyemuna, npoussedennvie Ha AO «Monounwvii komounam «Cmaspononsckuily. Paccmompen
MEXAHUZM CHUNCEHUsL MEPRKOCMU NOIUGEH008 cbleopomounbimu beakamu. ODOCHO8aAHA AKMYATIbHOCTb
UCNOIL308AHUSL KOHYEHMPAMO8 MOJOUHBIX OenKo8 6 cvipoldenuu. Ilposedeno ucciedosanue coBMecmHo2o
GIUAHUA ~ HA  CbIYYICHOE  CBEPMBIGAHUE  MOJIOKA — KOHYEHMpamd  MUYewiapHo20  Ka3euHa U
MUKDONAPTUKYIAMA CblGOPOMOYHBIX OEIK08 C 6KIIOYeHUeM (UHKANCYIUPOBAHUEM) 8 UX CHPYKMYypy
oueuopoxsepyemuna. Jlan cpasHumenvublil aHAIU3 noKazameiell Kayecmea u aMuHOKUCIOMHO20 CKopa
cblpa, 0002auleHH020 KOHYEHmpamamy MoNoYHbix 0Oerko8 c¢ «Poccutickumy coipom. Pezyromamul
uccnedo8aHull NOKA3AAU, YMO HOPMATUZOBAHHASL CMECb C KOHYEHMPAMOM MUYELIAPHO20 KA3euHd U
MUKDONAPTMUKYIAMOM C NOIUDEHOAAMU NPUSOOHA 0TI BPOU3BOOCIBA CbIUYHCHO2O0 cbipa. 1o ecem usuxo-
XUMUYECKUM NOKA3AMENAM IKCNEPUMEHMANbHbIL 00pazey O1U30K K KOHmpoabHoMy. Maccoeas dona benka
Ha 0,5% eviwie, maccosas 0oas érazu Ha 1,2 % u maccosas 0oas xcupa Ha 2,7 % Hudice N0 CPABHEHUIO C
KOHmMponbHbiM 00pasyom. Ilockonsky Kormponbblli obpaszey cvipa «Poccuiickuily umeem nedocmamox
HEe3AMEeHUMbIX AMUHOKUCIOM, MAKUX KAK MEeMUOHUH U YUCMeUH, COelaH 6bl800, MO ONbIMHBIL Cblp
demoHcmpupyem Oonee 8bicoKUe noKazamenuy 61a200aps HAIUYUIO MUKPORAPMUKYIAMA Cbi8OPOMOUHbIX
benkos, 0oeamoeo cepocodepicauumu amuHoxuciomamu. Pezyromamol ucciedosanuil no3e0na0m
coenams 8618600 O MOM, UYMO Cblp, 0002AUIeHHbIN KOHUESHMPAMOM MUYETIAPHO20 Ka3euna U
MUKDORAPTUKYISIMOM CbIBOPOMOYHBIX DENK08 C GKII0UeHUeM (UHKANCYIUPOSAHUEM) 8 UX CIPYKmypy
OUSUOPOKBEPYEMUHA XAPAKMEPUZYEMCsl CIAOUTbHBIMU OP2AHOIENMUYECKUMU U QUIUKO-XUMULECKUMU
noxazamensamu u 0ojee 8blCOKOU OUOIO2ULECKOU YEHHOCMbIO HO CPABHEHUIO C AHAN020M — « Poccutickumy
CbIpOM.
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0ENKOB, TUTHIPOKBEPIIETHH, TIOTYTBEP/IBINA CHIP
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Introduction. Efforts to enrich conventional food products with biologically active
substances (BAS) are necessary to meet the modern need for products that provide not only basic
nutritional properties but also beneficial properties. One such ingredient is polyphenols (PP) [4].

Plant-based polyphenolic compounds are known as some of the main antioxidants in the

human diet [8]. For example, dihydroquercetin, an extract of giant larch, has high antioxidant
activity. Dihydroquercetin prevents autooxidation of food products and increases their shelf life.
Even small amounts of dihydroquercetin help protect the body from the harmful effects of free
radicals. To mask the tart and astringent taste characteristic of this compound, it must be bound or
encapsulated with other components of the food system [2, 10]. In this case, PF passes "unnoticed”
into the taste buds and is then released in the gastrointestinal tract (Figure 1).

Figure 1 — Mechanism of astringency reduction by whey proteins. Hydrophobic binding, polyphenols with
protein, protein crosslinking, aggregation of protein molecules

The functional properties and biological activity of protein-polyphenol complexes or
conjugates depend on the nature of the proteins and polyphenols used, as well as on the type of
cross-linking method used.

In the future, it will be important to be able to design complexes and conjugates with
specific functional properties more rationally. This requires a better understanding of the structure-
function relationships of whey protein-polyphenol complexes and conjugates so that they can be
tailored for specific applications. In addition, there is growing interest in the use of innovative
processing technologies such as ultrasound and high-pressure treatment to modify the structural
and functional properties of these systems. Ultrasound treatment can be used to increase the
solubility and thermal stability of a soy protein-cyanidin-3-galactoside conjugate, and high-
pressure treatment can be used to improve the functional properties of an a-LA-pelargonidin-3-
glucoside conjugate [3].

The combination of whey protein microparticles and polyphenolic compounds may lead to
the creation of new products in the field of healthy nutrition. For example, for the production of
functional cheeses enriched with polyphenols. Such cheeses may have improved organoleptic
properties, an increased shelf life and increased biological value [5].

In cheesemaking, rennet caseins were previously used to standardize protein in normalized
mixtures, and, less commonly, dry milk; currently, milk protein concentrates (MPCs) are most
often used. The structure of casein in micellar casein concentrate (MCC) is comparable to that in
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MPC, but the main difference between them is the presence of a larger amount of whey protein in
the latter.

The aim of the work is to study the combined effect of micellar casein concentrate and
microparticulate whey proteins with polyphenols on the process of rennet coagulation of milk,
organoleptic, physicochemical indicators and biological value of experimental cheese samples.

Materials and research methods. The objects of the research were raw cow's milk
obtained from the supplier OOO SP Chapaevskoye with a fat mass fraction of 3.9%, micellar
casein concentrate with a casein: whey protein ratio of 96:4, microparticulate whey proteins with
the inclusion (encapsulation) of dihydroquercetin in their structure, produced at JSC Dairy Plant
Stavropolsky.

The introduction of whey protein microparticles with the inclusion (encapsulation) of
dihydroquercetin into their structure into cheese-ready milk was carried out on the basis of
regulatory documents - MR 2.3.1.1915-04 "Recommended levels of consumption of food and
biologically active substances”, MR 2.3.1.0253-21 "Norms of physiological needs for energy and
nutrients for various groups of the population of the Russian Federation”. The dose of introducing
microparticles with PF into milk for cheese production was selected at 0.3% by weight, which will
provide 20% of the adequate intake level (AIL) when consuming 100 g of the product, since the
AIL of flavonols, which include dihydroquercetin, for adults is 30 mg / day [6, 7]. Thus, per 1 liter
of milk, 3 g of whey protein microparticulates with the inclusion (encapsulation) of
dihydroquercetin in their structure were added to 1 experimental sample.

Milk was normalized for protein by adding micellar casein concentrate with a casein: whey
protein ratio of 96:4. The calculation of the introduction of micellar casein concentrates was carried
out based on the material balance equation, in this case, the protein balance [1]. Thus, 7 g of
micellar casein concentrate were introduced per 1 liter of milk. To obtain a cheese curd, the
normalized mixture was weighed, then heated to (32 = 1) °C and 1 g of a 2% rennet solution was
introduced. After introducing the enzyme, the time was noted. The readiness of the curd was
determined, a cut was made with a spatula, then the curd was lifted along the cut with its flat part.

Research results and their discussion. The research involved milk with a fat content of
3.9%, micellar casein concentrate with a casein:whey protein ratio of 96:4, and whey protein
microparticles with dihydroquercetin included (encapsulated) in their structure.

The results are presented in tables 1,2.

Addition of micellar casein concentrate with a casein:whey protein ratio of 96:4 to cheese-
ready milk % and KSB-UF-55 "Microparticulate” with inclusion in the structure of proteins
(encapsulation) of biologically active substances, for which dihydroquercetin was selected,
allowed to evaluate the physicochemical parameters of the normalized mixture. The control
sample was normalized by ultrafiltration. The results are given in Table 3.

The mass fraction of fat in the control sample is slightly higher, since normalization was
carried out by ultrafiltration.

Technological indicators of rennet and whey are presented in Table 4.

Table 1 — Physicochemical parameters of the raw milk used

Indicators Raw milk
Titratable acidity, °T 16.0+0.5
Active acidity, pH units 6.85+ 0.02
Mass fraction of protein, % 3.42+05
Mass fraction of fat, % 3.94+0.1
Mass fraction of dry matter, % 12.94+0.2
Lactose 4.87 £0.01
Freezing point 0.53 +0.02
Table 2 — Physicochemical parameters of micellar casein concentrate and whey protein microparticles
. Samples
Name of the indicator KMK 96 4 MPC-DHA
Titratable acidity, °T 115+1.0 15+1.0
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Active acidity, pH units 6.99 £ 0.02 6.52 £ 0.02
Mass fraction of protein, % 75+0.22 55+0.2
Mass fraction of fat, % 1+0.5 2505
Mass fraction of moisture, % 4.7 +0.20 24+0.2
Ash content, % 7.10 £ 0.05 3.0+ 0.04
Mass fraction of lactose, % 10.06 £0.1 4.68 +0.23
Solubility index, cm3 °fwet sediment 0.05+0.5 05+0.5
Purity group 1 1
Calculated DHA content, mg% - 175+0.5

Table 3 — Physicochemical parameters of the normalized mixture

Name of the indicator Normalized mixture
Experimental sample Control
Titratable acidity, °T 16.5+£05 16.0+£0.5
Active acidity, pH units 6.82 £ 0.02 6.85 £ 0.02
Mass fraction of protein, % 4.25+0.05 4.20 £ 0.05
Mass fraction of fat, % 4.10+0.1 4.20+0.1
Mass fraction of dry matter, % 13.58 £ 0.2 12.94+0.2
Lactose 4,95 +0.01 4.87 £0.01
Table 4 — Technological indicators of rennet and whey
S L . Clot density, Condition of Appearance of the
amples Coagulation time, min ; .
units casein clot serum
Transparent,
A clot with a greenish-yellow,
Control 30 Dense, 8 smooth surface, without visible
dense particles of casein
dust
. A clot with a Whitish, without
Experimental 32 Dense, 7 smooth surface, visible casein dust
sample q .
ense particles

The experimental sample took a little longer to form a clot, the whitish whitish whitish
whitish whitish whitish whitish whey, the clot less dense than the control whey. The
physicochemical parameters of the whey are presented in Table 5.

Table 5 — Physicochemical parameters of serum

Name of the indicator Experimental sample Control
Titratable acidity, °T 125+0.5 125+0.5
Active acidity, pH units 6.57 + 0.05 6.55 + 0.05
Mass fraction of dry matter, % 6.4+0.2 6.2+0.2
Density at 20 °C, kg/m? 1023+1 1021+1
Mass fraction of fat, % 04+01 0.3+0.1
Mass fraction of protein, % 1.11+0.05 1.0+ 05

In all respects, the experimental sample is close to the control one.

Studies have shown that a normalized mixture with micellar casein concentrate and
microparticulate matter with polyphenols is suitable for the production of rennet cheese.

The studies of the physicochemical characteristics of the finished product were carried out
using standard, generally accepted methods. A comparison of the organoleptic indicators of cheese
enriched with micellar casein concentrate and whey protein microparticulate with the inclusion
(encapsulation) of dihydroquercetin in their structure was carried out with "Rossiysky" cheese

(Table 6).
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Table 6 — Organoleptic characteristics of experimental and control cheese samples

Name of the Prototype Control sample
indicator
Appearance The crust is clean, smooth, without damage. | The crust is clean, smooth, without a thick
subcortical layer, without damage
Taste and smell Cheesy, creamy, without any foreign tastes Cheesy, slightly sour, without any foreign
or odors. tastes or smells.
Consistency The dough is tender, flexible, and The dough is plastic and homogeneous
homogeneous throughout. throughout.
Drawing The cross-section shows a uniformly The cross-section shows a uniformly
distributed pattern consisting of irregular, distributed pattern consisting of irregular,
angular and slit-shaped eyes. angular and slit-shaped eyes.
Dough color Yellow with a slight green tint, uniform Yellow, uniform throughout the mass
throughout the mass

The experimental sample had a creamier taste and a more delicate dough consistency
compared to the control sample.

The results of the study of the physicochemical quality indicators of the control and
experimental cheese samples are presented in Table 7.

Table 7 — Results of the study of physicochemical quality indicators of
control and experimental cheese samples

Physicochemical parameters The value of Test results
the indicator Prototype Control sample
for ND
Mass fraction of fat, % - 30.4+£0.8 33.1+£0.8
Mass fraction of fat in terms of dry matter, | not less than 47.2 50.5
% 1
Mass fraction of protein, % - 29.8+0.5 28.3+0.5
Mass fraction of moisture, % no more than 35.6+£0.2 34.4+0.2
43
Mass fraction of moisture in defatted - 51.1 51.4
substance, %

The physicochemical parameters of the experimental sample are close to the control
sample. The protein mass fraction is 0.5% higher, the moisture mass fraction is 1.2% lower, and
the fat mass fraction is 2.7% lower compared to the control sample.

The biological value of a product is determined by the amino acid composition of the
protein and its digestibility and is characterized by such an indicator as the amino acid score, which
indicates the significance of each essential amino acid separately in the object [3] (Figure 2).

The data indicate an excess of amino acids phenylalanine + tyrosine. Since the control
sample of cheese "Rossiyskiy" has a deficiency of essential amino acids, such as methionine and
cysteine, it can be concluded that the experimental cheese has higher indicators due to the
microparticulate whey proteins, as it is rich in sulfur-containing amino acids. Amino acids
methionine and cysteine play important physiological roles. Thus, cysteine has the ability to affect
the oxidation-reduction potential of the system and has a destructive effect on lipids and proteins.
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Ju I I I I
w

Lysine Methionine+Cystine Threonine Leucine Isocleucine Phenylalanine+Tyrosine Walin
FADWHO sugsested level mg/s Experiment
Score, % Experiment Control

B Score, % Control

Figure 2 — Amino acid score of experimental and control cheese compared to FAO/WHO protein

(mg/g protein)

In the presence of cysteine, the body's resistance to ionizing radiation increases.

Methionine is involved in the synthesis of glycerophospholipids, which are part of biological cell
membranes, and it is also necessary for the regeneration of liver cells. The limiting amino acid is
threonine.

Conclusion. The results of the research allow us to conclude that cheese enriched with

micellar casein concentrate and whey protein microparticulate with the inclusion (encapsulation)
of dihydroquercetin in their structure is characterized by stable organoleptic and physicochemical
indicators and a higher biological value compared to its analogue, “Rossiysky” cheese.

10.
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HNH®OPMALIUS Ob ABTOPAX

AnHa OuneroBHa Bacennna — nrxenep LleHTpa OMOTEXHOMOrMYECKOT0 HHXXUHUPUHTA, CeBepo-
Kaska3ckuii (enepanbHbiii yHuBepcuTer, anytka2128@inbox.ru.

I'eopruii CepreeBu4 AHHCHMOB — KaHIAMJAT TEXHHYECKMX Hayk, naupektop LleHTpa
OnoTexHoIornyeckoro nHxuHuprunra, Cesepo-Kaskasckuii enepansublii ynuBepcuter, a9s88@mail.ru

Aunexceii /ImutpueBud JIOABIrMH — JTOKTOP TEXHUYECKUX HAYK, AOICHT, 3aBEAYIOMNN Kadeapoit
MPUKIaIHONH OMOTEXHOJOTHH, TJIaBHBIM HAY4YHBIH COTPYAHMK HAyYHO-HCCIIENOBATENbCKON J1abopaTopuun
MUIIEBON M MIPOMBIIIIEHHON OMOTEXHOJIOIHH, (GaKyIbTeT NUIEBON HHKEHEPUU M OMOTEXHOJIIOTUH UMEHH
akagemuka A.I'. XpamiioBa, CeBepo-KaBkasckuii enepanbhbiii yausepeuter, allodygin@yandex.ru

BKJIa[[ ABTOPOB: BCC aBTOPbI BHECIIN paBHLIfI BKJIaJ B IOATOTOBKY HY6J'II/IKaL[I/II/I.
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CoBpemeHHas HayKa u nHHosauuu. 2025. Ne 1

KondaukT mHTEpecoB: OOUH W3 aBTOPOB CTATbU — JIOKTOP TEXHHYECKUX HAyK, HoueHT A. /.
JlogpIrMH ABNSETCA WIEHOM PENAKIHMOHHOM KoJulernu kypHana «CoBpeMeHHas Hayka W MHHOBALIUN.
ABTOpaM HEU3BECTHO O KAKOM-JIMOO JPYroM MOTEHIMAIbHOM KOH(IMKTE HHTEPECOB, CBSI3AHHOM C 3TOH
PYKOITHUCBIO.

Cratbs noctynuia B penakiuio: 09.01.2025;

ono0peHa nocie perensupopanus: 21.03.2025;
npuHsaTa K myonukarmu: 28.03.2025.
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