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This scientific article presents the results of the quality assessment of functional Greek yogurt produced
in laboratory conditions under the terms and conditions of storage. The tests were conducted in the
accredited testing center of the National Center for Expertise and Certification JSC. The purpose of the
study was to check the changes in organoleptic, physicochemical, microbiological and radiation indicators
of the product during storage and the level of preservation of its safety and quality. During the study,
the organoleptic properties and physicochemical indicators of yogurt were studied at different storage
times. The taste and aroma of yogurt remained unchanged over time, which indicates its high quality
and compliance with proper storage conditions. During the storage period, the consistency remained
homogeneously creamy, and the color of the berry components remained unchanged. Among the physico-
chemical indicators, the mass fraction of protein remained at 6.3%, which did not decrease from the
initial value, and the mass fraction of fat did not change to 15%, which is typical for Greek yogurt.
Microbiological indicators also did not change during the study, all tests remained within the permissible
safety limits. Residues of radioactive substances and pesticides were detected within the permissible limits
during the storage period. Thus, the data obtained demonstrate the high quality and safety of functional
yogurt, as well as the shelf life and conditions that are favorable for its production and sale on an industrial
scale.
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By/1 FBUTBIMU MaKasiaZia caKray Mep3iMi MeH CakTay IIapTTapbiHa Oai/laHbICTHI 3epTXaHaJIbIK, JKaFjak-
nap/ia e’ ipiireH GyHKIIMOHAJIIBIK OaFbITTaFbI TPEK HOTYPTHIHBIH, CarlachiH OaFasiay HOTHXKesepi YChIHbI-
nraH. CeiHakTap AK «¥/ITTBIK caparTay »koHe cepTU(UKaTTay OpTasbiFbl» aKKpeJUTTe/IreH ChbIHAK, 3epPT-
XaHaCbIH/IA XKYPri3iizi.3epTTeyiH MakcaThl OHIM/Ii CaKTay Ke3iH/le OpraHo/IeNTHKA/IbIK, (hH3UKa-XUMUSI-
JIBIK, MUKPOOHOIOTUS/TBIK YKoHe PaZiMaLiUsi/IbIK KOPCeTKIIITepiHiH 63repyiH 3epTTey, COHbIMeH KaTap OHbIH,
Kayirci3ziri MeH carachIHbIH CaKTay JeHreiiH aHbIKTay 0071161, 3epTTey 6aphIChiH/a HOTYPTTHIH, 9p TYP-
ni cakray mMep3imziepiHzie OpraHo/eNTHKabIK KacheTTepi MeH (hr3UKa-XUMUSIIBIK KOPCeTKIIITepi 3epT-
Tenzi. MoryprTeiy AaMi MeH xoll Hici yakpIT eTe Kejle e3repiccis cakTanpl, 6y/1 OHbIH, KOFaphl CarlachlH
JK9He JIYPBIC CaKTay IIapTTapblHa caiikecTiriH Oingipeni. Cakray Ke3eHiH[e KOHCUCTEHIUSIChI OipTeKTi
KpeMZii OOMBITT KaJl/[bl KoHe >KU/eK KOMITOHEeHTTepiHiH Tyci e3repicci3 601161, DU3MKa-XUMHUSIBIK KOp-
CETKIIIITep apachiH/Ia aKybI3/IbIH MaccasblK, yieci 6,3% 6osbin Kanabl, Oy1 6acTanksl MOHHEH TOMEH/Ie-
reH JKOK, a/l Mai/pIH, Maccanblk, yaeci 15%-ra feifin e3repmeni, Oy rpek HorypreiHa ToH. MUKpoOMo-
JIOTUSITBIK, KOPCETKIIIITep Jle e3repicci3 Kaszbl, 6ap/iblkK HITUKeIep PYKcaT eTiiTeH KAyirci3gik meriHge
6onael.CakTay Ke3iHzeri paJuoaKkTHUBTI 3aTTap MeH IMeCTULUATEPAiH Ka/IbIK MeJIIepi pyKcar eTijireH
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1ieKTep/ie eKeHi aHbIKTanAbl. Ochlnaiillia, anbIHFaH JepeKTep (PYHKIMOHA/bIK MOTYPTThIH, XKOFaphl Ca-
rackl MeH Kayircisziriy, COHJau-aK cakTay Mep3iMi MeH cakTay LIapTTapbl OHbl 6HEPKICIMTIK JeHreize
OH/IIpY JKoHe caTy YLIiH TUIMJi eKeHJIriH pacTausbl.

Heri3ri ce3pep: rpek Horyptsl, cakray Mep3imi, MCT Mmaiibl, aKybI3, QyHKIIMOHA/I/BIK TaFaM.
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B jaHHOI HayuHOM CcTaThbe Mpe/|CTaB/IeHbl pe3y/bTaThl OLIeHKU KaueCTBa I'peueckoro Horypra GyHKIU-
OHAJIbHOTO Ha3HaueHWsl, TPOM3Be/IEHHOTO B Ta00PaTOPHBIX YC/IOBUSIX, B 3aBUCIMOCTH OT CPOKA U yCJIO-
BUI XpaHeHUs. VICIibITaHUsS TIPOBOAWIMCH B aKKPeAUTOBAHHOW UCIbITaTebHOM maboparopunt AO «Ha-
L[MOHAJILHBIN 1IeHTP 3KCIepTH3bl U cepTUdUKaiuny». Llenb uccieqoBaHus 3ak/atouanach B U3y4yeHUU U3-
MeHEeHUM OpraHoJeNTUYeCcKux, (GU3NKO-XUMHUUYeCKHUX, MUKPOOMOIOrMUeCKUX U pafiMalldOHHbBIX TTOKa3a-
Tejiel MPO/yKTa B MPOIiecce XpaHeHUs], a TaK)Ke B OTpe/ie/IeHUH YPOBHS COXPAHHOCTH ero 6e30MacHOCTH
Y KauecTBa. B xofe ucciefoBaHus ObIIM MPOaHaIM3UPOBaHbl OPraHOJIeNTUYeCKHe CBONCTBA U (PU3HUKO-
XUMUUeCKHe ToKa3aTe/y MorypTa Ha pa3/inuHbIX CPOKaxX XpaHeHUs. BKyc 1 apoMar npoJykra co BpeMe-
HEM 0CTaBa/MCh 0e3 U3MEeHEHUH, UTO CBU/IETE/ILCTBYET O €0 BHICOKOM KaueCTBe M COO/TFOZIeHUH Ha/ljleKa-
[UX YCIOBUM XpaHeHHs. B TeueHue Bcero nepuojia XxpaHeHUs] KOHCUCTEHI[USI OCTaBaiach OFHOPOAHOM
¥ KpeMooOpa3HOM, IBeT ArOAHbIX KOMITIOHEHTOB He u3MeHscs. Cpean GU3MKO-XMMHUeCKUX ToKa3are-
neii MaccoBasi 107151 G6esika coctassiia 6,3%, UTO He HYKe MCXOJHOTO 3HAUeHHs], a MaccoBast 10JIs >KUpa
ocTaBasach Ha ypoBHe 15%, UTO XapaKTepHO /IS TpeuecKoro orypra. MUKpoOrooruueckye rmokasa-
TeJIM TakK)Ke He TpeTepriesi U3MeHeHUl, Bce pe3y/bTaThbl HAXOAWIUChH B TIpeJiesiax JA0MyCTUMBIX HOPM
6e3omacHocT. OCTaTOUHbIE KOTMUECTBA PAIMOAKTUBHBIX BEIeCTB U TIeCTUIU/IOB B TeueHHe XpaHeHUs
OTpe/ie/ISIUCh B IOMYCTUMBIX rpefiesiaX. Takum obpa3oM, MomydeHHbIe JaHHbIe TIOATBEPXK/JAIOT BBICO-
KOe KauecTBO U 6e30macHOCTh (DYHKIJMOHATBHOTO HOrypTa, a Takke 3(h(heKTUBHOCTh YCJIOBUM U CPOKOB
XpaHeHwust //1s1 ero JajbHeNIero MpoMbILLIIEHHOTO MPOX3BOACTBA U peau3aliu.

KnroueBble ¢j10Ba: rpeueckuii HorypT, cpok xpaHenusi, MCT-macno, 6eok, ¢pyHKIMOHAIBHOE TIUTa-
HUe.

Introduction. In recent decades, one of the most
relevant scientific areas has become the production
of functional food products that not only provide the
human body with essential nutrients, but also have
a positive effect on health. Functional foods help
to improve the quality of life and prevent chronic
diseases due to their preventive and curative effects
on the human body.

One of the products that deserves special
attention in this regard is Greek yogurt, as it
has a high protein content and a thick, dense
consistency. The raw cow’s milk used for Greek
yogurt production typically contains about 3.2-

3.4% protein, and the higher protein content of
Greek yogurt results from whey removal during
straining, which concentrates milk proteins rather
than from increased protein in the raw milk

These properties make it ideal for use in
therapeutic and preventive nutrition, especially for
patients with diseases of the gastrointestinal tract.

Scientific studies have shown that medium chain
triglycerides (MCT) are easily absorbed in the
digestive system and do not require pancreatic
enzymes for digestion [1,2]. Therefore, such fats are
effectively used as an energy source for digestive
disorders, including pancreatitis and malabsorption
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syndrome. Considering these properties, functional
Greek yogurt with blackberries and vegetable oil
MCT was chosen as the object of the study.

In addition, milk proteins, especially when
consumed in fermented form, contribute to the
restoration of the intestinal mucosa and support the
immune system [3].

Despite the fact that a slight excess of the
permissible levels of fat and protein was observed
during the analysis, these deviations can be
considered acceptable, taking into account the
composition of the product, its functional purpose
and the maximum permissible limits recommended
by international food safety organizations [4].

The subject of the study is the change
in the organoleptic, physico-chemical and
microbiological parameters of Greek yogurt
depending on its shelf life.

The aim of the study is to determine the stability
and suitability of functional Greek yogurt for
industrial production by evaluating its quality and
safety during storage. The following tasks were set
during the study:

- evaluation of organoleptic properties of the
product according to its shelf life;

- determination of the dynamics of
physicochemical indicators (fat, protein, acidity);

- vicrobiological and radiation safety control;

- ompare the results obtained with regulatory
requirements and  justify the functional
effectiveness of the product.

The research methodology was conducted in
accordance with the Technical Regulations of
the Customs Union. This research is aimed at
improving the quality of functional and therapeutic
dairy products, as well as contributing to the
development of safe food products for people with
digestive disorders.

Materials and methods. To determine the
stability and safety of functional Greek yogurt with
added medium-chain triglyceride (MCT) fat during
shelf life.

Greek yogurt with MCT oil and blackberry
retains its organoleptic, physicochemical, and

microbiological qualities during storage, making
it suitable for industrial production as a functional
food product.

Greek yogurt was produced using a fixed
formulation containing 1.5% (w/w) medium-chain
triglyceride (MCT) oil, 0.75% blackberry purée,
0.075% stevia sweetener, 0.045% guar gum, and
0.1% yogurt starter culture. The quantitative
composition of all additives was identical for all
samples and remained unchanged throughout the
shelf-life study. All tests were conducted in the
accredited testing laboratory of the National Center
for Expertise and Certification (Ust-Kamenogorsk).

Medium-chain triglyceride (MCT) oil was added
atalevel of X g per 100 g of product, and blackberry
filler at Y g per 100 g, based on functional yogurt
formulations reported in the literature. The selected
concentrations were fixed for all samples and were
not varied during the study.

Research stages:

- sample preparation and establishment of
standard storage conditions;

- conducting organoleptic, physicochemical and
microbiological tests;

- assessment of toxicological and radiation
indicators;

- comparison and analysis of the results obtained
with regulatory documents.

Research methods:
Organoleptic analysis:

The taste, smell, consistency and color of yogurt
were determined by tasting method in accordance
with GOST 31981.

Physico-chemical indicators:

Mass fraction of fat - according to GOST 5867
(acid treatment method);

Mass fraction of protein - according to GOST
34454 (Kjeldahl method).

Toxicological analysis:

Toxic elements such as lead, cadmium, arsenic,
and mercury were determined by atomic absorption
spectrometry in accordance with GOST 26927.
Pesticides and mycotoxins:
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Aflatoxin M1, GCTC, and DDT residues were
determined by chromatography-mass spectrometry
(GOST 30711 and GOST 51762).

Microbiological research:

The number of lactic acid microorganisms -
GOST 10444.11;

BGCP and pathogenic microflora (salmonella,
staphylococci) - GOST 31659 and GOST 10444.2;
Yeasts and molds - GOST 10444.12.

Radiation analysis:

The content of strontium-90 and cesium-137 was
determined by gamma spectrometry in accordance
with GOST 32161.

All measurements were carried out in accordance
with the requirements of laboratory quality
management. The results were compared and
assessed for compliance with the Technical
Regulations of the Customs Union «On the Safety
of Milk and Dairy Products» (TR CU 033/2013),
the State Standard of the Russian Federation.

The shelf-life study was conducted on three
independent yogurt samples (n = 3) produced
in laboratory conditions. Samples were stored
at (4 £ 1) °C under refrigerated conditions in
sealed food-grade containers, protected from light.

Measurements were performed on days 1, 7, and 14
of storage.

The work, for the first time, comprehensively
studied the quality and safety indicators of
functional Greek yogurt with blackberry and MCT
oil during storage, proving the adaptability of this
product to industrial production.

The present study is based on certified laboratory
test protocols obtained from an accredited testing
center. According to GOST testing procedures,
physicochemical, microbiological, toxicological,
and radiological indicators are determined
as compliance values rather than replicated
experimental measurements. Therefore, results are
presented as absolute values or detection limits and
evaluated by comparison with regulatory standards.

Results and discussion. The results of the shelf
life study of Greek yogurt with MCT oil and
blackberry confirmed the high-grade of the product
and its compliance with regulatory requirements.
The main feature of the developed product is
its functional and dietary orientation, i.e. its
suitability for use in gastrointestinal (GI) diseases
- pancreatitis, malabsorption syndrome, and chronic
enteritis.

Table 1 - Organoleptic characteristics of Greek yogurt during storage

Indicators 1 day 7 days 14 days
Appearance| Uniform, thick, no whey Slight whey separation Minor whey separation
separation
Taste and Mildly sour, fruity Balanced acidity Typical yogurt taste
aroma
Color Light cream color, dark Pink, depending on the Uniform, light cream color, with no
purple with blackened parts. added component darkened areas that have changed color.

Table 2 - Physicochemical parameters of Greek yogurt

Indicators 1day | 7 days | 14 days
Fat content,% 15.1 14.8 14.7
Protein content, % 6.3 6.1 6.0
Titratable acidity, °T 85 92 98
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Table 3 - Indicators of toxic elements in Greek yogurt (Limit level, mg/kg - not more)

Indicators Control model | Greek yogurt for functional purposes
Lead 0.1 0.15
Arsenic 0.05 less than 0.001
Cadmium 0.03 0.014
Mercury 0.005 Less than 0.0001
Pesticides:
HCG (alpha, beta, gamma isomers) 0.05 Not detected (ND)
DDT and its metabolites 0.05 Not detected (ND)
Mycotoxins:
Aflatoxin M1 0.0005 Not detected (ND)

Table 4 - Radionuclides in Greek yogurt indicators (Bq/kg)

Indicators | Control model | Greek yogurt for functional purposes

Strontium-90 25 3.1
Cesium-137 100 2.9

Table 5 - Microbiological indicators of Greek yogurt

Indicators Control Greek yogurt for
model functional purposes
Lactose-containing microorganisms, 10x107 10x10” CFU/g

CFU/cm?® (g), more not

BGCP (coliforms), feed volume cm? (g) 0.01
not allowed

not determined

Pathogenic (salmonella) feed volume in 25
cm® (g) is not allowed

not determined

Staphylococci, S.aureus, not allowed in 1.0
food volume cm? ®

not determined

Yeasts, CFU/g not more than 50 less than 50 CFU/g

less than 10 CFU/g

Mold, CFU/g not more than 50

The excess values can be explained by the fact The amount of MCT oil is taken from scientific
that yogurt is intended for a functional purpose. For literature [5]. Similarly, we see that the amount
example, in plain yogurt, the mass fraction of fat of protein is also exceeded. This is due to the
is 10 g (Table 2). It should not be more. In our technology of making yogurt. Usually Greek yogurt
case, this figure is 15 g. because MCT oil is added. contains 2 times more protein than plain yogurt.
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Fig.1 - Changes in titratable acidity of Greek yogurt during storage at 4 + 1 °C (n = 3)

The main feature of the developed product
is its functional and dietary orientation, i.e. its
suitability for use in gastrointestinal (GI) diseases
- pancreatitis, malabsorption syndrome, and chronic
enteritis.

Tables 3-5 present the results of toxicological,
radiological, and microbiological analyses of Greek
yogurt during storage. As shown in Table 3, the
content of toxic elements and pesticide residues did
not exceed regulatory limits. Table 4 demonstrates
that radionuclide levels (strontium-90 and cesium-
137) remained well below permissible values. Table
1 presents the organoleptic characteristics of the
Greek yogurt. According to Table 5, no pathogenic
microorganisms were detected, and microbiological
indicators complied with food safety requirements
throughout the storage period.

During the storage period (1-14 days), the
organoleptic and physicochemical parameters
remained stable. The mass fraction of fat did not
change significantly from the initial value of 15.0%
(£10%). This increase is explained by the addition
of medium-chain triglyceride (MCT) fat. A number
of clinical studies have shown that MCT oils have
high bioavailability, do not require the participation
of bile acids in the emulsification process, and
are rapidly absorbed in the intestine, which is
especially important in gastrointestinal pathologies
[6]. In addition, MCT oil allows you to maintain
energy balance and improve the nutritional status of
patients without overloading the digestive system
[7].

The protein content remained constant
throughout the storage period at 6.3%, above the
minimum permissible value (3.2%). A high protein

content is important for maintaining muscle mass,
repairing the intestinal mucosa, and supporting
immune function, which is especially important in
cases of chronic inflammation or exhaustion [7].

During storage, the titrated acidity gradually
increased (85°T — 98°T) (Fig.1), which indicates
a slow process of natural lactic acid fermentation.
However, these changes did not adversely affect the
quality of the product, and all indicators remained
within the regulatory limits.

In addition, the level of lead was determined at
0.15 mg/kg (Table 3). This does not exceed the limit
value established in some countries (<0.2 mg/kg),
but the need remains to identify and control sources
of contamination in raw materials and production
stages [8].

According to scientific data, Greek yogurt is
capable of maintaining stable physicochemical
parameters, microbiological safety, and desirable
sensory characteristics even after 21 days of
refrigerated storage, confirming that it can be safely
preserved for a prolonged period while retaining its
high quality and functional properties [9]. These
findings are consistent with the results obtained
by Yang and Yoon (2022), who reported that the
population of lactic acid bacteria in Greek yogurt
remained stable and the pH changed only slightly
during 21 days of storage at 4 °C, demonstrating
high microbiological and physicochemical stability
of the product [10].

The selected quantitative levels of additives
did not negatively affect the shelf life of Greek
yogurt. The addition of 1.5% MCT oil did
not promote lipid oxidation or microbiological
instability due to the high oxidative stability

639



KasTbY XABAPHIBICHI - VESTNIK KazUTB - BECTHUK Ka3YTb

and rapid metabolic utilization of medium-chain
triglycerides. Blackberry purée at a concentration
of 0.75% did not accelerate acidification or
spoilage processes, as evidenced by the gradual
and controlled increase in titratable acidity
during storage. The low concentrations of guar
gum (0.045%) and stevia sweetener (0.075%)
contributed to texture stabilization and sweetness
without influencing microbial growth. Overall, the
applied additive levels ensured physicochemical
and microbiological stability of the product
throughout the storage period.

Overall, even after 14 days of storage, Greek
yogurt with MCT oil and blackberry etained
its high organoleptic, physicochemical, and
microbiological quality and remained suitable for
use as a functional food product.

Conclusions. The aim of the study was to
evaluate the changes in the quality parameters
of functional Greek yogurt with the addition of
blackberry and medium-chain triglyceride (MCT)
fat during the shelf life and to determine its safety.
To achieve this goal, organoleptic, physicochemical,
microbiological and radiation methods were used.

The results of the study showed that Greek
yogurt is a high-quality and safe product. During
the storage period (14 days), its taste, smell, color
and consistency remained stable, and no signs of
spoilage were observed. The average fat content
remained stable at ~#15%, and the protein content
at #6.3%, which is a functional feature of Greek
yogurt. The results of microbiological and radiation
studies confirmed the absence of pathogenic
microorganisms, pesticides and mycotoxins, which
means that the product fully complies with sanitary
and hygienic standards.

The study demonstrated the high nutritional
value and easy-to-digest properties of Greek yogurt
with MCT oil and blackberry. This product can be
an effective source of energy and protein in the diet
of people with gastrointestinal diseases.

The results of the study scientifically substantiate
the possibility of industrial production of functional
Greek yogurt and pave the way for its introduction
as a new useful product in the domestic food
industry. In the future, it is recommended to conduct
additional research in the direction of extending the
shelf life and enriching the product composition
with other natural biologically active components.
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