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THE PHYSICOCHEMICAL AND MICROBIOLOGICAL STABILITY OF KATYK
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The physicochemical, microbiological and technological stability indicators of katyk enriched with molecular
hydrogen were investigated in this study. The research objects included control katyk, katyk treated with molecular
hydrogen, katyk enriched with functional additives, and samples where molecular hydrogen and functional
components were applied together. Molecular hydrogen was introduced into the product by bubbling H: gas with a
purity of 99.99% at a flow rate of 0.5-1.0 L/min for 7 minutes at 4-10 °C. During storage, active acidity (pH), water
activity, oxidation—reduction potential (ORP), color parameters and microbiological indicators were determined. The
obtained results showed that the combined application of molecular hydrogen and functional additives slowed down
the acidification process of the product and contributed to maintaining pH stability. At the end of storage, the pH value
of the control sample decreased to 3.52, while in the combined treatment sample it remained at 4.13. Water activity
results indicated stabilization of the moisture state. ORP analysis demonstrated the formation of a reducing
environment in H:-treated samples: the values were recorded in the negative range (approximately from —150 to —350
mV), unlike the control samples with positive ORP values, indicating a decrease in the intensity of oxidative processes.
Microbiological analysis showed that the combined treatment reduced the amount of Enterobacteriaceae, yeasts and
molds while maintaining lactic acid bacteria. In this sample, Enterobacteriaceae reached 5.90+0.95 log:c CFU/g, yeasts
and molds were 6.10+0.30 log:n CFU/g, and lactic acid bacteria were maintained at 6.65+0.20 logio CFU/g. The results
confirm that the combination of molecular hydrogen bubbling and functional additives is a promising approach for
improving the storage stability and quality characteristics of katyk.

Keywords: molecular hydrogen, katyk, barbotage, antioxidant activity, lactic acid bacteria,
functional additives, storage stability.
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JKympicma monekynanvlk cymeKkneHn 0aiiblmulizan KamulKmuly QU3UKa-XuMusaibvlK, MUKPOOUONOZUANBIK
JHCIHE MEXHONIOZUANBIK MYPAKMBLILIK KopcemKiwmepi 3epmmendi. 3epmmey HblcaHOapvl peminoe Oaxwliay
Kamuizbl, MOIEKYNanblK CYMEKNEeH OHOeN2eH KAMbIK, (YHKUUOHANObIK KOCRANADMEH Oaiiblmbli2an yizi jHcoHe
MONIEKYNIANbIK, CYMEK NneH (QYHKUYUOHANObIK KOMNOHEeHmmep 0Oipze KOJ0AHBLAZAH KAMblK yazinepi aablHObL.
Moanexynanvix cymex onimee 99,99% mazanvikmazer H: 2azoin 0,5—1,0 1/mun sncotnoamoviknen 7 munym ooiiot 4—10
°C memnepamypa apanviebinoa d6apoomasricoay apkvlivt en2izindi. Cakmay éapuvicoinoa 6encenoi KoiuKolnovk (pH),
¢y bencenoinizi, momuizy-momuikcoizoany nomenyuanvt (ORP), mycmix napamempiepi yscane MUKpooOU0102UAIbIK
KepcemKiuimepi aHbIKmMAn0bl. ANbIHZAH HIMUIICENEP MOEKYNAIbIK CYMeEK NeH QYHKUYUOHAIObIK KOCnAnapoul oipze
KOJ10aHy OHIMHIN KblMKbLIOGHY npouecin Oaaynamuvin, pH Kopcemkiwiniy mypaxmolibl2blH caKmay2a blKna
ememinin kopcemmi. Cakmay convinoa daxvinay yacicinoe pH 3,52 oenceiiine oeitin momenoece, oipikmipincen
onoey yneicinoe oyn xepcemkiwi 4,13 Oeneeiiinde cakmanovl. Cy oOencendiniziniyy Hamuodicenepi onimoezi viazan
Kyuiniy mypakmanyoitn kopcemmi. ORP manoayvt H: oHOenzen ynzinepoe momuvlKCbi30aHObIPZbIUL OPMAHBIH
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KanblnMacKanvlH anslKmaosl: Kepcemkiwimep mepic ouanazonoa (wmamamen —150-0en —350 mB-Ka Oeiiin)
mipkenin, oaxvinay ynzinepiniyy o, ORP manOepinen epexuienendi, oOyn momsi2y npouecmepiniy O0aAyIa2aHbIH
Kkepcemeodi. MuKpoouonozuanslx, manoay Hamucecinoe oipikmipinzen enoey Enterobacteriaceae, awvimgpinap men
3eHO0epOiH, Monuepin momeHOemin, CymKbIUKbLIObl DAKMepUAnIapobl caKkmayza MymKiHOIK Oepzeni anvlKmanool.
Amanean ynzioe Enterobacteriaceae monwepi 5,90+0,95 login KOE/2, awmvimksinap men 3zenoep 6,10+0,30 log
KOE/z, an cymkviuksinov oaxkmepusanap 6,65+0,20 login KOE/2 kypaowvl. 3epmmey namuicenepi MoaeKynanvik
cymekneHn 6apoomasicoay men (QyHKUYUOHANObIK KOCRANAPObL 0ipee KONOAHY KAMBIKMbIY CAKMAY MYpPaKmblibl2blH
apmmuolpy JHcane CanaivlK KOPCcemKiumepin HeaKkcapmy yYuliH nepcneKmueansl 20ic eKeHin Kopcemmi.

Herisri ce3gep: MoJjieKyJadbIK CyTeK, KATbIK; 0ap00TaxK, aHTHOKCHIAHTTBHIK OesiceHIimiK,
CYTKBIIIKBLIALI 0aKkTepusjap, QyHKIHOHAIBIK KOCIAJApP, CAKTAY TYPAKTHLIBIFbI.

BJIMAHUE BAPBOTAKA MOJIEKYJISIPHBIM BOJOPOAOM U ®YHKIINOHAJIBHBIX
JOBABOK HA ®N3NKO-XUMHNYECKYIO I MUKPOBUOJIOTUYECKYIO
CTABMJIBHOCTD KATBIKA

K. KAJINBEKKDBI3bI, K.C. BEKFAEB, I K. )KAKYIIBEKOBA,
A.A. MEJIICOBA”, A.J]. JAUBIPEEKOBA, A.M. MYPATEAEB

(HAO «IIIakapim YHuBepcuter», Pecnydsmka Kazaxcran, 071412, r. Cemeii, yia.I'nunku 20A)
DnexTpoHHas oYTa aBTopa-Koppecmnonaenta: aknurmelissova@gmail.com*

B pabome uccnedosanvi uzuxo-xumuueckue, MukpooOuonoZuuecKue u mMexHON0ZUYecKue noxazamesnu
cmadunbHOCmMU KAmulKd, 0002aU{€HHO20 MOJEKYAAPHLIM 8000p00om. Q0vekmamu uccied08anus AGAAIUCH
KOHMPOJIbHBLI KAMbBIK, KAmMblK, 00pAdOMAHNBLL MOJACKYIAAPHLIM 8000p000OM, 00pazey ¢ @OYHKUUOHATbHBIMU
00bagKkamu, a makdyce KAMbIK C COBMECHIHbIM NPUMEHEHUEM MOJIEKYIAAPHO20 8000p00aA U (PYHKUUOHANLHBIX
Komnonenmos. Monekynaphuiii 6000poo 6600usica nymem dapoomasyica 2azom H:> vucmomoii 99,99% co ckopocmoiro
0,5-1,0 i/mun 6 meuenue 7 munym npu memnepamype 4—10 °C. B npouecce xpanenus onpedensiu aKmueHyw
kucnomnocmy (pH), axmuenocmv 600vl, oxkuciumenvho-eoccmanosumevuolii. nomenyuan (ORP), uyeemosvie
napamempol u mukpoouonouueckue nokazamenu. Ilonyuennvie pesynomamvl nokasanu, 4mo co6MecmHoe
npumenenue MoJIEKYIAAPHO20 6000P00a U PYHKUUOHANLHBIX 000ABOK 3amedisiem npoyecc NOOKUCIeHUs NPOOyKma
u cnocoocmeyem coxpanenuio cmadunvnocmu pH. B konue xpanenusa snauenue pH kommponwvnozo obpasya
CHU3UNOCL 00 3,52, moz0a Kak 6 KOMOUHUPOGAHHOM o0pasue coxpansnoco Ha ypoeue 4,13. Iloxazamenu
AKMUGHOCMU 600bl C6UOCMENbCME06aAU 0 cmadunuzayuu cocmoanua énazu. Ananus ORP nokasan gpopmuposanue
60occmanogumenbHoil cpedst 6 00pasyax, oopadomannvix Hz: 3nauenus naxoounucy 6 ompuyameabHom Ouanazone
(npumepno om —150 00 —350 mB), 6 omauuue om KOHMPOILHBIX 00pPA3Y06 ¢ noN0ICUmenbhvimu 3nauenuamu ORP,
Ymo yKazpleaem HA CHUNCEHUE UHMEHCUGHOCMU OKUCIUMENbHBIX npoyecco8. MuKkpoduonozuueckuii ananus
nokazan, Ymo KomoOuHuposannas oopadomxa cnudcana konuuecmeo Enterobacteriaceae, Opoarcoiceii u nieceneit npu
COXpaHenHuu MONOYHOKUCBIX Dakmepuil. B oannom oopaszue konuuecmeo Enterobacteriaceae cocmasuno 5,90+0,95
log1 KOE/2, Opoarcorceii u nneceneit — 6,10+0,30 logio KOE/2, a monounokucavix 6akmepuit — 6,65+0,20 log:o KOE/e.
ITonyuennvie Oaunuvlie noomeepicoaiom, umMo couemanue OapoOMa’x3ca MONEKYIAPHLIM  6000POOOM U
dyukyuonanvubix 000a60OK AGNAEMCA NEPCREKMUGHBIM MEHIOO0OM HOBLIUWEHUA CMAOUTbHOCIMU XPAHEHUA U
YAYUUIeHUA Kauecmea KamolKa.

KuaroueBble ¢ji0Ba: MOJIEKYJISIPHBII BOAOPO/, KAaThIK, 0ap00Ta:K, AHTHOKCUIAHTHASI AKTHBHOCTD,
MOJIOYHOKHCIbIE 0aKTepuH, PYHKIHMOHAJbHbIE 100aBKH, CTA0MJILHOCTD XpPaHEHHsI.

Introduction base is still limited and at the stage of formation.

In recent years, molecular hydrogen (H:) has At the same time, from a regulatory point of view,
been considered as a promising functional agent for hydrogen is permitted for use in food systems in the
the food industry due to its high diffusion capacity, EU as the food additive E949 according to the
selective antioxidant properties and potential role Quantum satis principle, and in 2025 EFSA
in stabilizing product quality. Molecular hydrogen reaffirmed the absence of safety concerns in
is being increasingly actively studied in the agri- existing applications [1, 2].
food chain “from farm to product”, but it is The growing interest in the use of molecular
precisely in the dairy industry that the evidence hydrogen in the food industry is associated with its
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pronounced antioxidant properties and its ability to
inhibit oxidative processes, which are the main
cause of food spoilage. Hydrogen has been proven
to reduce oxidative damage to lipids, proteins and
other biomolecules, which directly affects the
preservation of the organoleptic and functional
characteristics of food [3].

The scientific literature presents several main
approaches to introducing molecular hydrogen into
food systems, including direct dissolution in gas,
high-pressure saturation, obtaining hydrogen-rich
water (HRW) by electrolysis, and the use of
nanobubble technologies [4]. However, the
effectiveness of these methods varies significantly.
Traditional dissolution methods are characterized by
low H2 content due to high volatility and limited
solubility, which reduces the reproducibility of the
technological effect [5]. In contrast, technologies
based on the formation of nanobubbles ensure stable
distribution of gas in the liquid phase and long-term
preservation of its functional properties [5]. It has
been proven that the introduction of gases, including
Ha, CO: and N, can significantly affect the structural,
mechanical and physicochemical properties of food
systems, especially complex colloidal matrices such
as milk [6].

The effect of hydrogen is primarily
associated with the selective reduction of oxidative
stress and participation in the regulation of redox
homeostasis. For dairy products, this is especially
important, since the quality of milk, cheese, yogurt
and powdered milk ingredients largely depends on
lipid oxidation, the preservation of volatile
aromatic compounds and the stability of bioactive
components. Consequently, scientific interest in Ha
in the dairy industry is determined not only by the
idea of creating a “functional product”, but also by
the possibility of managing quality and shelf life
without strict chemical preservatives [7-9].

Three main directions for the use of
hydrogen are being formed in the dairy industry.
The first direction is associated with the use of
hydrogen-rich water (HRW) in the feeding or
watering of dairy animals to change the
composition and biological value of milk. The
second is the direct introduction of hydrogen into
the food system or technological environment as a
factor affecting oxidative processes, sensory
properties and product preservation. The third is
the use of H: in packaging and storage, where it iS
considered as a potential component of a modified
gas atmosphere [10, 11].

Unlike many studies devoted to the use of
hydrogen for post-harvest storage, some
experimental studies show its ability to affect
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microbial processes in food systems. The intro-
duction of hydrogen into milk increases the acid
formation of Streptococcus thermophilus by 10%
and the reducing activity of Lactobacillus
delbrueckii spp. Bulgaricus by 13.7%, which leads
to faster acid accumulation and enhanced
fermentation. This makes it possible to consider
hydrogen not only as a factor for stabilizing
quality, but also as a tool for controlling
biotechnological processes, opening up hew
prospects for its use in the development of
functional food products [12].

The use of molecular hydrogen (H2) and
hydrogen-enriched water makes it possible to
significantly improve food products. The addition
of 2-4% H: to packaging and the use of hydrogen
water reduce the formation of biogenic amines and
the content of heavy metals; thus, HRW is a
“green” technology that makes it possible to
control the level of heavy metals [13].

The use of molecular hydrogen in dairy
products is considered one of the new
technological approaches aimed at increasing the
storage stability of the product. It was found that
storing fresh cheese samples in a reducing gas
atmosphere containing 4% H: made it possible to
extend their shelf life chees [14].

Studies conducted on high-milk-fat products
also confirm the role of hydrogen gas in stabilizing
quality. In the study by Koyuncu and Batur,
samples of thick cream stored in a gas atmosphere
of 96% N. + 4% H: showed lower rates of
oxidation, lipolysis and microbiological growth
compared with the control sample [15].

These data provide grounds for considering
molecular hydrogen as a promising factor aimed at
stabilizing the quality of dairy products and
extending their shelf life.

In recent years, the concept of “hydrogen-
assisted food processing” has emerged, which
considers hydrogen as a new technological factor
capable of being integrated into various stages of
food production. As part of this approach,
hydrogen is used in fermentation, drying, cooling
and packaging processes, including modified
atmosphere technologies that make it possible to
regulate  oxidation-reduction processes and
increase product stability.

Despite significant progress in the study of
molecular hydrogen in food systems, its use in the
dairy industry remains limited. In particular, there
are no systematic studies aimed at assessing the
effect of Hz on the structural-mechanical properties
of dairy products, the stability of protein
aggregates and fermentation processes. In addition,
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the issues of scaling hydrogen introduction
technologies and integrating them into existing
production lines have not been sufficiently studied.

In this regard, a promising direction is the
development of scientifically based technological
solutions for the use of molecular hydrogen in the
dairy and related food industries, including the
creation of functional products with improved
antioxidant properties and extended shelf life.

Some studies have shown that molecular
hydrogen H:. has antioxidant and anti-
inflammatory effects. In the European Union,
molecular hydrogen is permitted to be added to
food (E949) without limitation (quantum satis), no
daily limit is specified, and it is recognized as
having no side effects in food use. Currently, the
use of hydrogen in terms of maintaining food
quality and extending shelf life is beginning to be
recognized as an important method.

There are still very few published studies on
the use of molecular hydrogen in the food industry.
Since the enrichment of food products with
hydrogen is a relatively new direction, it increases
the relevance of the study. Therefore, this work
aimed to comprehensively study the physico-
chemical, microbiological and antioxidant pro-
perties of katyk enriched with molecular hydrogen.

Materials and methods

Materials: pasteurized cow’s milk, protein
precipitate of buttermilk, dry milk whey, soy
concentrate, flaxseed cake, molecular hydrogen
source.

Treatment with molecular hydrogen was
carried out by the barbotage method. Hydrogen gas
(Hz, purity 99.99%) was supplied to the product at
a rate of 0.5-1.0 L/min.

The barbotage duration was 7 minutes, and
the time parameter was strictly controlled. The
treatment temperature was maintained within the
range of 4-10 °C.

This treatment method was aimed at changing
the oxidation-reduction state of the product and
increasing its antioxidant properties. After treatment,
the samples were immediately hermetically sealed
and placed under storage conditions.

The active acidity of the product was
determined by the potentiometric method.
Measurements were carried out using Hanna HI3221
and Thermo Scientific Lab Star PH111 devices.

The instruments were calibrated with pH
4.01 and 7.00 buffer solutions. The measurement
accuracy was =+0.01. After the electrode was
immersed in the sample, the stabilized value was
recorded within 1-2 minutes.
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Measurements were carried out during
storage at 0, 24, 48 and 72 hours.

Water activity was determined by the
hygrometric method using a Smart Water Activity
Meter HD-6 device.

The measurement temperature was 25.0
+0.5°C, and the accuracy was +0.003. The samples
were equilibrated for 20-30 minutes beforehand.

The indicators were determined in order to
assess storage dynamics.

Oxidation—reduction potential (ORP) was
determined using a Hanna HI3221 meter equipped
with a platinum electrode and an Ag/AgCI
reference electrode.

The stabilized value was recorded within
30-60 seconds, and the results were expressed in
millivolts (mV). ORP values were determined to
assess changes in the antioxidant status of the
samples during storage.

Color parameters were  determined
according to the CIELAB system using a
HunterLab MiniScan EZ spectrophotometer.

Measurements were carried out under the
conditions of a D65 light source, a 10° observer
angle and an 8 mm aperture. Each sample was
measured three times, and the average value was
calculated.

Microbiological analysis was carried out
according to standard methods. Samples were
taken in an amount of 5 g, homogenized in 45 mL
of peptone water, and decimal dilutions were
prepared in the range of 107'-107°.

The detected microorganisms:

— Enterobacteriaceae — on MacConkey agar,
37+1 °C, 24 hours;

— Yeasts and molds — 25+1 °C, 3-5 days;

— Lactic acid bacteria — on MRS agar, 37+1
°C, 48-72 hours.

The results were presented in logie CFU/g
units.

Results and discussion

Dynamics of changes in pH indicators

Sample 1 — control sample (katyk);

Sample 2 — katyk subjected to barbotage
treatment with molecular hydrogen;

Sample 3 — katyk with functional additives
added (protein precipitate of buttermilk, dry milk
whey, soy concentrate, flaxseed cake and table
salt);

Sample 4 — katyk subjected to barbotage
treatment with molecular hydrogen and introduced
functional additives (protein precipitate of
buttermilk, dry milk whey, soy concentrate,
flaxseed cake and table salt).
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Figure 1. Dynamics of changes in pH indicators in katyk samples depending on storage time

The dynamics of changes in pH indicators
(Figure 1) showed that in all studied samples they
changed depending on storage time. At the initial
stage (0 h), the pH values of the samples were
recorded in the range of 3.7—4.5, confirming that the
product was characterized by an acidic environment.
During the first 24 hours, a gradual decrease in pH
indicators was observed in all samples, with values
decreasing to approximately 3.7-3.9, which indicates
the active course of acidification processes. In the
subsequent stages, especially at 48 hours, the lowest
pH values were observed; in the control samples this
decrease was more pronounced and reached
approximately 3.5-3.7. In the samples barbotaged
with hydrogen, the decrease in pH proceeded more
slowly and was found to be maintained at a relatively

stable level. Starting from 72 hours, a tendency
toward stabilization of pH indicators was observed,
especially in the sample with functional additives
introduced and treated with hydrogen, where the pH
values were maintained at a high level
(approximately 4.0-4.1), indicating a slowdown in
the acidification rate. At the final stage of storage
(168 h), although the pH slightly decreased in all
samples, the general pattern was preserved: the
lowest values were recorded in the control samples,
while the highest values were recorded in the sample
treated with hydrogen and supplemented with
additives. In general, the obtained results prove that
the combined effect of molecular hydrogen and
functional additives slows down acidification
processes in the product and increases pH stability.
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Figure 2. Dynamics of changes in water activity (aw) in katyk samples depending on storage time
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Dynamics of changes in water activity

The dynamics of changes in water activity
(aw) (Figure 2) showed a decreasing trend in all
studied samples as storage time increased. At the
initial stage, aw values were recorded at a high
level, approximately in the range of 0.80-0.95,
which characterizes the high moisture content of
the product. In the control sample (Sample 1), the
aw indicator gradually decreased during storage
from an initial level of approximately 0.90-0.92 to
0.75-0.78 at 72 hours, after which a slight increase
was observed at 168 hours. In the sample
barbotaged with hydrogen (Sample 2), aw values
were initially at the highest level and gradually
decreased during storage to approximately 0.85—
0.80; however, at the final stage, a tendency toward
an increase was observed again. In the sample with

functional additives introduced (Sample 3), water
activity decreased significantly, reaching the
lowest values between 24 and 72 hours
(approximately 0.68-0.75), which is explained by
an increase in bound water and compaction of the
structure. In the sample treated with hydrogen and
supplemented with additives (Sample 4), aw
indicators changed more steadily, remaining
approximately within the range of 0.72-0.82, and
the rate of decrease was observed to be slower
compared with the other samples. In general, as
storage time increased, a decrease in water activity
was recorded in all samples, while the combined
use of molecular hydrogen and functional additives
ensured the stability of aw indicators and showed
an effective impact on regulating the moisture state
of the product.

ORP dynamics
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Figure 3. Dynamics of changes in ORP in katyk samples depending on storage time

The dynamics of changes in oxidation—
reduction potential (ORP) (Figure 3) demonstrated
significant differences among the studied samples.
In the control sample (Sample 1), the initial ORP
value was recorded at approximately +150 mV and
gradually decreased during storage, reaching about
+50 mV after 72 hours, followed by an increase
again at 168 hours. In the sample containing
functional additives (Sample 3), ORP values
remained within the positive range throughout the
entire storage period; although a decrease was
observed between 24 and 48 hours, the values
subsequently increased and reached approximately
+130-150 mV during 72-168 hours.

In contrast, the hydrogen-bubbled samples
(Sample 2 and Sample 4) exhibited negative ORP
values from the initial stage, indicating the
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formation of a reducing environment. In Sample 2,
the ORP value initially was approximately —150
mV, decreased to around —350 mV during storage,
and then gradually increased, approaching the
positive range by 168 hours. In Sample 4, ORP
values showed relatively stable fluctuations,
varying from approximately —200 mV to =100 mV,
and increased to about +90 mV at the final stage.

Overall, although changes in ORP values
were observed in all samples with increasing
storage time, the molecular hydrogen-treated
samples maintained a reducing environment for a
longer period, indicating a slowdown of oxidative
processes and demonstrating their enhanced
antioxidant stability.

Changes in color indicators
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Figure 4. Changes in color indicators (L, a, b*) of katyk samples depending on storage time
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The dynamics of changes in color parameters
(L*, a*, b*) (Figure 4) showed clear differences
between the studied samples. The L* indicator
showed a gradual decreasing trend in all samples as
storage time increased: in the control sample, it
decreased from approximately 96 to 85; in the
hydrogen-treated sample, from 94 to 86; while in the
sample with functional additives introduced, this
indicator decreased more markedly, from 85 to 70,
and in the sample treated with hydrogen and
additives, it decreased from 83 to 72. The a*
indicators remained positive in all samples and
showed an increasing trend with some fluctuations
during storage: in the control sample, they were
recorded in the range of 2.5-3.2; in the hydrogen-

treated sample, 2.8-3.5; in the sample with functional
additives introduced, 3.5-4.5; and in the combined
sample, 3.2-4.2. The b* indicators were also
characterized by high values in all samples and
showed a gradual increasing trend over time: in the
control sample, they changed within the range of 9-
12; in the hydrogen-treated sample, 10-13; in the
sample with functional additives introduced, 13-16;
and in the combined sample, 12-15. In general,
during storage, a decrease in lightness and an
intensification of the yellow-reddish hue were
observed in all samples, which was found to be
associated with the course of physicochemical
changes and structural transformations.

Table 1. Comparative characteristics of microbiological indicators in katyk samples (logio CFU/g)

Indicator Sample 1 Sample 2 Sample 3 Sample 4

Enterobacteriaceae 6,24+ 1,15 6,05+ 1,05 6,15+ 1,10 5,90 + 0,95
Yeasts and molds 6,70 + 0,45 6,45 + 0,40 6,50 + 0,42 6,10 + 0,30
Lactic acid bacteria 6,35+ 0,20 6,55+ 0,25 6,45+ 0,22 6,65+ 0,20

Microbiological indicators

The results of the conducted study showed that
the microbiological indicators of katyk samples
changed depending on the treatment methods used.

For Enterobacteriaceae (MacConkey), the
indicator in the control samples was determined at the
level of 6.24 + 1.15 log CFU/g, while in the samples
treated by barbotage with molecular hydrogen, this
value decreased to 6.05 = 1.05 log CFU/g. In the
samples with functional additives introduced, the
indicator remained at the level of 6.15 £ 1.10 log
CFU/g, while in the samples where additives and
hydrogen were used together, the lowest value was
recorded —5.90 + 0.95 log CFU/g. The obtained results
show that the combined use of molecular hydrogen
and functional additives contributes to a decrease in the
number of opportunistic microflora.

For yeasts and molds (GFM), 6.70 + 0.45 log
CFU/g was determined in the control samples, while
in the hydrogen-treated samples the indicator
decreased to 6.45 + 0.40 log CFU/g. In the samples
with additives, this value was 6.50 + 0.42 log CFU/g,
while when additives and hydrogen were used
together, it was recorded at the level of 6.10 +0.30 log
CFU/g. This indicates that molecular hydrogen and
functional additives may affect the reduction of the
intensity of microbial contamination.

For lactic acid bacteria (MRS), 6.35 + 0.20 log
CFU/g was determined in the control samples. In the
hydrogen-treated samples, this indicator increased to
6.55 + 0.25 log CFU/g, while in the samples with
functional additives introduced it was at the level of
6.45 £+ 0.22 log CFU/g. In the samples where additives
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and hydrogen were used together, the highest amount
of lactic acid bacteria was recorded — 6.65 + 0.20 log
CFU/g. This indicates the possible favorable effect of
the studied treatment methods on the vital activity of
beneficial microflora.

In general, it was found that barbotage with
molecular hydrogen and the use of functional
additives affected the changes in the micro-
biological indicators of katyk, contributing to a
decrease in opportunistic microorganisms and
molds and to the maintenance of the number of
lactic acid bacteria at a relatively high level.

Conclusions

The results of the conducted study showed that
the method of barbotage with molecular hydrogen has
a positive effect on the physicochemical,
microbiological and technological stability indicators
of katyk. Especially in the sample where molecular
hydrogen and functional additives were used together,
the rate of product acidification slowed down, and the
pH indicator remained at a higher level at the end of
storage compared with the control sample. This is
explained by the strengthening of the buffer system in
the katyk matrix, the effect of functional components
and the ability of molecular hydrogen to change the
oxidation-reduction environment.

Changes in water activity indicators showed
that functional additives contribute to moisture binding
in the product structure. Components such as protein
precipitate of buttermilk, dry milk whey, soy
concentrate and flaxseed cake increase the dry matter
content of the product and make it possible to improve
structural stability. When used together with molecular
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hydrogen, this effect contributed to the stabilization of
the moisture state of the product during storage.

The analysis of oxidation—reduction potential
(ORP) confirmed the effect of molecular hydrogen on
the formation of a reducing environment in katyk.
Samples treated with H> showed significantly lower
ORP values compared with the control sample, with
values shifting into the negative range during storage.
This indicates a decrease in oxidative processes in the
product matrix. The maintenance of a reduced
oxidation—reduction environment may contribute to
improved antioxidant stability, slower quality
deterioration, and better preservation of the functional
properties of the fermented dairy product.

In terms of color indicators, a decrease in the L*
value and an increase in the b* indicator were observed
in the samples with functional additives introduced.
This is associated with the natural color of plant-based
components and an increase in the proportion of dry
matter in the product composition. Therefore,
functional additives are an important technological
factor that, along with increasing the nutritional value
of the product, also affects its appearance.

The results of microbiological analysis showed
that the combined use of molecular hydrogen and
functional additives contributed to a relative decrease
in opportunistic and microflora. In the combined
treatment sample, the amounts of Enterobacteriaceae
and yeasts and molds were lower compared with the
control sample, while the number of lactic acid bacteria
was maintained at a high level. This indicates that
molecular hydrogen may have a positive effect on the
microbiological balance in katyk and supports the
viability of beneficial microflora.

In general, the combined use of the molecular
hydrogen barbotage method with functional additives
was evaluated as an effective technological solution
that makes it possible to increase the storage stability
of katyk, regulate the acidification process, maintain
the number of beneficial lactic acid bacteria and
improve the quality indicators of the product. This
method is promising for improving traditional
fermented dairy products in a functional direction.
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