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The high moisture content and short shelf life of soft brined cheeses create a serious problem of rapid spoilage,
necessitating the search for effective natural stabilizers to preserve product quality and safety. The aim of this study
was to improve stability and extend the shelf life of soft brined cheese through the combined application of hop extract
during production and subsequent storage in brine enriched with molecular hydrogen (H:). The main idea was to
investigate the synergistic antioxidant effect arising from the combined use of these two natural factors. The scientific
significance lies in substantiating a new approach to stabilizing soft brined cheeses using natural antioxidants, while
the practical significance lies in improving the technology to extend shelf life without synthetic additives. The
methodology was based on controlled experimental modeling with comparative groups of cheese samples (control and
experimental variants), including hop extract and hydrogen-enriched brine. Physicochemical (oxidation-reduction
potential, water activity, pH), microbiological, and organoleptic indicators were evaluated during storage. It was
established that hydrogen-enriched brine reduces oxidation-reduction potential compared to the control, stabilizes
water activity at 0.638-0.640 (control: 0.781-0.888), and maintains pH within 4.96-5.08 (control: 5.30-5.77),
indicating a more stable environment and improved product stability. Microbiological indicators meet regulatory
requirements: pathogenic microflora was not detected, and the total count of mesophilic aerobic and facultative
anaerobic microorganisms (TAMC) is 1.0-1.2 log CFU/g. The results indicate an antioxidant effect that improves
product stability and may extend shelf life without deterioration of organoleptic and functional characteristics. The
study contributes to the development of technologies for functional and environmentally safe dairy products using
natural stabilizing systems. The results have practical significance for the dairy industry and can be used to improve
quality stability and extend the shelf life of soft brined cheeses.

Keywords: soft brined cheese, hop extract, molecular hydrogen, antioxidant properties,
antimicrobial properties, hydrogen-enriched water.
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Kozapul vineanovinwik sneone yncymcar, my30slKmeol ipimuiikmepoin cakmay mep3iminin KblCKa1bl2bl 01apOblH
mes3 0y3vL1y Macenecin mybtHoamaowl, Oy 0cvl OHIMOEPOIH, canacvl MeH Kayincizoizin cakmay yuin muimoi maoduzu
MYpaKmanouIpeluimapobl i30€y0iy 03eKminizin apmmaulpadsl. 3epmmeyoin, maxKcamol — OHOIpIc Ke3eHinoe Kyaimax
CHI2BIHOBICHIH KeWEeHOI KON0aHny dcone oHimoi monexkynanvlk cymexknen (H:) oOaiivimuiiean my3ovikma caxkmay
APKBUIbL HCYMCAK MY30bIKMbl IPIMWMIKMIY, MYPaKmulibl2blh APMMuIPY JHCoHe CaKmay mep3imin y3apmy 001vin
madvinadvl. Kymvicmoly necizei uoeacwt ocvl eki maduzu axkmopowvl dipee Konoanwy Hamudicecinoe myvltHOAuNbIH
CUHEPZEMUKATIBIK, AHMUOKCUOAHMMBIK 2Cepii 3epmmeyze Heziz0enzen. JKymvicmoll 2blaibiMU  MAHBI3ObLLbIZbL
maoéuzu aHMuUOKCUOAGHMMAPObl KOJIOAHY APKbLIbL HCYMCAK MY30bIKMbl IpIMULIKmMepOi mypaKkmanovipyobly Heana
macinin Hecizoeyoe KOpiHedi, Al NPAKMUKAILIK MAHLI30bLALIZbL - CUHMEMUKAIbIK KOCRANAPObl KOJA0aHOali-aK
OHIMHIY caKkmay mep3iMin e0ayip y3apmyza MyMKiHOIK Oepemin mexHoN0UANbL Jceminoipyoe. 3epmmey adicmemeci
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baxpLay dHecaHe MaNCIpUbENiK HYCKanaposvl KAMMUMbIH HCYMCax, my30blKmol ipiMWiK yazinepiniy canvicmolpmaisl
mMoOnMapvIi KAIbINMACMbIPYy APKLIbL HCYPRI3iiceH 0aKblIaHAMbIH IKCREPUMEHMMIK MoOeaboeyze He2i30endi, onoa
KY/IMAK, CbI2LIHOBICLL MEH MOJEKYAAablK CYMEKneH Oaiiblmulizan my30ulK Konoausliovl. Cakmay npouyecinoe
ipimuwikmiy u3uKa-XumuanslK (momuly-momulKcol30aHy ROMEHYUansl, cy dencenoinizi, pH), muxpoouonozuanvly
JHCIHE OP2aHOIeNMUKAIbIK cana Kepcemkiwimepi 6azananovl. Monekynanvlk cymeknen 0aiiblmslizan my30blKnibl
KOJ10aHy 0axwlnay yaziciMen canbiCmulp2aHoa MmoOmbvl2y-momblKCbI30aHy NOMEHUUAIbIHbIY, MOMEH Oenzelliepze
Oeitin momenoeyine, cy dencenoiniziniv 0,638—0,640 oenzeiiinde mypaxmanyvina (6axoinayoa 0,781—-0,888) scone pH
Mmaniniy 4,96-5,08 apanvizeinoa cakmanyvina (6axwinayoa 5,30-5,77) anvin Kenemini anblKmanowl, 0ya caxmay
Ke3iH0e aHaZypbIM MYPAKMbl OPMAHbIY, KAAbINMACKAHBIH JCIHEe OHIMHIH MYPAKMBLIbIZLIHBIY APDMKAHbIH
Kopcemeoi. MuKpoouonocuanvlK Kepcemkiwimep HOPMAMUGMIK Maianmapea caiKec Kenedi: RamozeHoi
MUKpognopa anviKmanmaosl, me3oQpuasoi aspodmul dHcaHe (axKyromamuemi aHaIpPoomMsl MUKPOOP2AHUZMOEPOIH
scannovt canvt (KMAD®AuM) 1,0-1,2 log KOE/z Kppaitovi. Anvinzan Hamudicenep OHIMHIN MYPAKMbLIbIZLIH
apmmolpy2a HHcoHe OpPZAHONEeRMUKAIBIK IPI (YHKUUOHANOBIK Kacuemmepin Hawapiamnai caKmay mep3imin
y3apmyea blKnajia ememin aHmuoKCUOAHMMbIK acepiiy bap exenin xopcemedi. Kypeizineen 3epmmey mabuzu
mMypaKkmanovipy dxcyiienepin Koa0ana omuipsln, GYHKYUOHAIObIK HCIHE IKOIOZUANBLK, KAYINCI3 Cym OHIMOepiH oHOIpy
MEeXHONO0ZUANAPBIH OAMBIMY2A J1eC KOCAObl. ANbIH2AH HIMUIICE1ep CYym OHEPKICIOI yulin RPAKMUKAIBIK MAHbI32d
ue JHeane HeYMcax my30utKmul ipiMulikmepoin cana mypaKkmolibl2blH ADMMbIPY MEH CAKMAy Mep3iMin y3apmy yulin
KOJI0QHbBLYbl MYMKIH.

Herisri ce3gep: sKymMcak TY3AbIK ipiMIIiK, KYJMAaK 3KCTPaKTbl, MOJEKYJIAJIBIK CyTeri,
AHTHOKCHIAHTTBIK KACHETTeP, AHTUMHUKPOOTBIK KACHETTEepP, CyTeriMeH 0albITHLIFAH Cy.

BJIMAHUE MOJIEKYJIAPHOI'O BOAOPOJA HA KAYECTBO "
CPOK XPAHEHU S MAT'KOI'O PACCOJIBHOI'O CBIPA
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Buicokasn énaxcnocms u KOpOmMKUil CpoK XpaHeHus MAZKUX PACCONbHBIX CbIPOE CO30ai0N CePbEéIHYI0 NPOOIeMy
ux Ovicmpoin nopyu, uUmo 00ycnO6IUGAEM OCMPYIO HE0OXO0UMOCMb ROUCKA IPPexmusnvix npupoonvix
cmaounuzamopos O01a COXpaneHus Kavecmea u 0Oe3onacHocmu Imux npodykmoe. Ilenvto nacmoauwiezo
UCC1e008AHUA ABNAIOCH NOBbIULEHIE CIAOUTILHOCINU U Y8eIuteHIe CPOKA 200HOCHU MAZKO020 PACCONBbHOZ0 CbIPA 34
Ccuém KOMNIIEKCHO20 NPUMEHEHUA IKCIMPAKMA XmeaAsl HA CMmaouu Npou3eo0cmea U nocieoyioujeil 8bl0epiHcKu
npooykma 6 paccojie, 0002auiéHHOM MONEKYAAPHBLIM 8000p0o0om (Hz). Ocnoenas udesa pabomovl 3aKkniouanace 6
U3YUeHUU CUHEPZEMUUECKO20 AHMUOKCUOAHMHO20 IPheKkma, 603HUKAIOW€20 NPU COBMECMHOM UCNOIb308AHUU
Imux 08yx npupoonvix haxmopos. Hayunaa 3nauumocms pabomsi cocmoum 8 060CHOGAHUU HOB020 NOOX00a K
cmaounu3ayuu MAZKUX PACCONbHBIX CbIPOB C UCNOJIb308AHUEM NPUPOOHBLIX AGHMUOKCUOAHMO8, 4 NPAKMUYEeCcKas
3HAUUMOCIb — COGEPUICHCHIB08AHUE MEXHON02UU, NO360AIOUIEI CYUIECHIBEHHO NPOOIUMb CPOK XPAHEHUA
npooykma 6e3 npumeHenus cunmemuyecKux 000a6oKk. Memooo102usa ucciedo6anus 0CHOBbIEANACH HA NPOGEOCHUU
KOHMPOIUPYEMO20 IKCHEPUMEHMATLHO20 MOOENUPOBARUA C (POPMUPOSAHUEM CPAGHUMENBbHBIX ZPYRR 00paA3y06
MAZKO20 PACCONBbHOZ0 cblpa (KORMPOL U ONBIMHDBIE 6APUAHNILL), EKIOUAIOWUX NPUMEHEHUE IKCIMPAKMA XMeA U
paccona, 0002awéHHO20 MOAEKYAAPHBIM  8000p00om. Ouenuganucv Qu3uko-xumuueckue (OKUCAUMENbHO-
60CCHMAHOGUMENbHDIL NOMEHYUAN, aKmuenocms 600vl, pH), Mmukpoduonozuueckue u opzanonenmuyuecKue
nokazamenu Kauecmed cblpa 8 npoyecce XpaHeHUu:A. YCHAHO061€HO, YMO NPUMEHEHUE 6000pP00-0002auiEHHO20
paccona npugooum K CHUNMCEHUIO OKUCTUMENbHO-60CCMAHOGUMENIbHO20 NOMEHUUANA 00 HUZKUX 3HAYEHUI HO
CPABGHEHUIO ¢ KOHMPOJIbHbIM 00PA3UOM, CIaduIu3ayuu akmusnocmu 600vl Ha yposte 0,638—0,640 (6 konmpone
0,781-0,888) u noooepacanuro pH ¢ y3xom ouanaszone 4,96-5,08 (¢ konmpone 5,30-5,77), umo ceudemenvcmeyem o
dopmupoeanuu 6onee cmabunNLHOU Cpedbl U HOGLIMEHUU YCIMOUYUEOCHMU RPOOYKMA HPU XPAHEHUU.
Mukpoobuonozuueckue nokazamenu coOOmeemcmeyon HOpMAMUGHbIM MPEdOGAHUAM: NAMOZEHHAA MUKPOPaopa He
oonapyscena, oduiee KOIUUECME0 Me30(PUNbHBLIX aAIPOOHBIX U PAKYILMAMUBHO-AHAIPOOHBIX MUKDPOOPZAHUZMOE
(KMA®AuM) cocmasnaem 1,0-1,2 log KOE/e. Ilonyuennvie pe3yivmamsl yKa3zvléarom HA AQHMUOKCUOAHMHBLIL
aphekm, cnocoocmeyrowuil nOGbLIUIEHUIO CMAOUILHOCIU NPOOYKMA U NOMEHUUAILHOMY Y8eUYEeHUI0 CPOKA
Xpanenus 0e3 yxXyouieHus ezo0 OpzaHoNenmuueckux u @ynkyuonanvholx xapaxmepucmuk. IIposedénnoe
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uccieoosanue 6HOcum 6K1A0 6 pazeumue mexHo02uil npoumodcmea ¢yHKl4u0Hafleblx u IJIKojrocuueckKu
0e30nacHbIX MOJIOUHBIX npodykmoe C Ucnoiv3oeanuem npupooublx cmaﬁwlua'upyiomux cucmem. HOle’leHHble
pe3yjiomambsl UMerom npaKkmudeckoe 3nauenue 0151 MOLOYHOIL RPOMOBLIUTICHHOCIU U MO2Yym Oblmb UCNONIB306AHDL
0151 ROBBIUEHUA CIMAOUIBHOCHU KaYecmea U yeeiudenusn CpoKa XxpaneHui MACKUX paccojlbHblx cblpoe.

KiroueBble cioBa: MATKHI PaccoJIbHBIH ChIP, IKCTPAKT XMeJIsi, MOJIEKYJISPHBIA BOIOpON,
AHTHOKCHIAHTHBIE CBOIICTBA, AHTHMHUKPOOHBIE CBOIICTBA, BOAOPOA-000raniéHHas BojA.

Introduction

The dairy industry of Kazakhstan
demonstrates steady growth: cheese production in
2024-2026 is increasing by 20-24% annually, with
high demand for soft brined cheeses (sales growth up
to 15% per year in certain segments). These products,
traditional for Central Asia, face challenges related to
milk seasonality, microbiological and oxidative
spoilage, as well as consumer demand for natural
functional products without synthetic additives [1, 2].

A promising direction is the enrichment of
cheeses with natural plant components. Common
hop (Humulus lupulus) — an accessible local raw
material — contains iso-a-acids with pronounced
antimicrobial and antioxidant activity. These
compounds inhibit the growth of pathogens
(Staphylococcus aureus, Salmonella spp., Listeria
monocytogenes), stabilize pH and water activity
(a_w), slow down lipid and protein peroxidation,
extend shelf life, and enhance flavor [3-5].

Additional opportunities are provided by the
use of brine prepared with water enriched with
molecular hydrogen (Hz) — a selective antioxidant.
Ha neutralizes the most dangerous reactive oxygen
species (*OH, ONOO"), converting them into water
without by-products, while not affecting beneficial
radicals (H202, NOe, Oz*7). Due to its small size
and high penetration ability, H: effectively reduces
lipid peroxidation (LPO), prevents rancidity of the
fat phase, stabilizes protein structures, maintains a
low oxidation-reduction potential (Eh) of the brine,
and slows oxidative reactions during storage[6-9].
In dairy products (butter, fresh cheese), the use of
H- reduces peroxide value, titratable acidity, the
formation of biogenic amines, and extends shelf
life without residues in the product[10].

The synergistic combination of hop extract and
molecular hydrogen is particularly promising, since
the antimicrobial and antioxidant properties of hop
are enhanced in the reducing environment created by
H:. This makes it possible to significantly increase the
stability of soft brined cheeses, preserve their
organoleptic and functional characteristics, and
expand the possibilities of “clean label” in the dairy
industry of Kazakhstan [11-13].

Soft brined cheeses are characterized by
high moisture content (60-70%) and a relatively
short shelf life, which creates the need to search for
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effective natural stabilizers. Under the conditions
of Kazakhstan, the problem is aggravated by
seasonal fluctuations in the quality of raw milk,
temperature variations during storage, and the
traditional technology of brine maturation. The use
of synthetic preservatives increasingly negative
consumer response, therefore the development of
technologies based on natural components of local
origin acquires strategic importance [14].

Despite  individual studies on the
antimicrobial properties of hop extract and the
antioxidant effect of molecular hydrogen in the
food industry, their combined application in the
technology of production and storage of soft brined
cheeses has been scarcely studied. Particularly
relevant remains the issue of adapting these
technologies to the conditions of Kazakhstani
production, taking into account the characteristics
of local raw materials and climatic factors [15-17].

Thus, the study of the combined effect of hop
extract introduced at the production stage and storage
of the product in brine enriched with molecular
hydrogen is of scientific and practical interest.

Materials and methods

Raw materials and their evaluation. Fresh
cow’s milk obtained from three farms of the Abai
region—-Steklyanka” LLP (Sample 1), “Nur” LLP
(Sample 2), and “Kazpravda” LLP (Sample 3)—
was used as the initial raw material. Milk was
delivered to the “Aisha” workshop of
“Kalikhanyly” LLP in compliance with sanitary
and veterinary requirements and accompanied by
official documentation. Sampling was conducted
monthly over one year, with three samplings per
month and five replicates per analysis to ensure
statistical reliability. Organoleptic properties were
evaluated according to GOST 52054-2003.
Physicochemical parameters (density, titratable
acidity, total solids, fat, protein, and somatic cell
count) were determined in accordance with GOST
31449-2013 and ST RK 1760-2019.

Preparation of hop extract. Dried hop cones
were ground to a powder. Extraction was
performed with distilled water (100 g of raw
material) at room temperature for 5-7 h using a
laboratory shaker. The extract was filtered through
filter paper. To determine the optimal dosage,
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concentrations of 100, 200, and 300 mL per 10 L
of milk were applied.

Organoleptic evaluation. Sensory evaluation
was carried out by a panel of 5-7 trained assessors
using a 50-point scale according to GOST 33630-
2015. The evaluated parameters included appearance
(5 points), taste and aroma (20 points), consistency
(10 points), color (5 points), structure (5 points), and
packaging (5 points). Samples were presented in
anonymized form at 10-12 °C.

Physicochemical analysis. The mass fraction
of dry matter, fat in dry matter, and moisture
content were determined using standard
gravimetric and refractometric methods. pH was
measured potentiometrically. Oxidation—reduction
potential (ORP) and water activity (aw) were
measured using a Smart Water Activity Meter HD-
6. Color coordinates (L*, a*, b*) were determined
using a digital colorimeter. All measurements were
performed in triplicate.

Microbiological analysis. Microbiological
assessment included determination of total viable
count (TVC, log CFU/qg), coliform bacteria (GOST
9225-84), Salmonella spp. (GOST 31659-2012),
and Staphylococcus aureus (GOST 30347-2016).
Cultivation was performed on standard nutrient
media at 30-37 °C.

Storage study and brine analysis. Storage
stability was evaluated at 0-2 °C, 3-5 °C, and 6-8
°C for 40 days. Parameters including aw, pH, ORP,
and TVC were monitored on days 0, 10, 20, 30, and
40. Brine parameters (pH, ORP, aw, and color
coordinates L*, a*, b*) were monitored over 72 h
at0, 1, 24, 48,and 72 h.

Results and discussion

The results of the study showed that the addition
of hop extract to soft brined cheese and the subsequent
storage of the product in hydrogen-enriched brine
affect its physicochemical, organoleptic, microbio-
logical characteristics, and storage stability. The effect
of the additive was evaluated by comparing the
experimental sample (with hop extract at 200 mL per
10 L of milk and storage in H- brine) with the control
sample (without hop extract, stored in conventional
brine). The dosage of hop extract was optimized not
only based on organoleptic indicators but also
considering its influence on microbiological stability
and shelf life of the product [8].

Physicochemical parameters of raw cow’s milk.

During the study, the physicochemical
parameters of raw cow’s milk obtained from three
farms fully complied with the requirements of
GOST 31449-2013 and ST RK 1760-2019. The
average values are presented in Table 1.

Table 1. Physicochemical parameters of raw cow’s milk (annual average values)

Parameter GOST 31449-2013 | Sample 1 | Sample 2 | Sample 3
Density, kg/m? 1027,0 1030,0 1028,0 1029,0
Acidity, °T 16,0-21,0 18,2 18,5 19,0
Total solids, % >8,2 10,4 10,1 10,0
Fat content, % >2.8 3,14 3,0 3,11
Protein content, % >2,8 3,98 3,95 3,92
Somatic cell count, thousand/cm? <500 285 265 268

Milk samples were characterized by an
increased content of total solids, fat, and protein.
The somatic cell count was below the threshold
value (< 500 thousand/cm?®), indicating high
sanitary quality of the raw material.

Organoleptic characteristics complied with
standards: taste and odor were clean, color ranged
from white to light cream, and consistency was
homogeneous. Seasonal variations were leveled
during pasteurization.

The obtained data confirm the compliance of
raw materials with GOST 52054-2003
requirements and their suitability for processing.
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Optimization of hop extract dosage

To determine the optimal dosage of hop
extract, three variants of its addition were studied:
100, 200, and 300 mL per 10 L of milk. Evaluation
was carried out based on the organoleptic
characteristics of the finished product.

According to the results presented in Table
2, it was concluded that the addition of 100 mL of
extract had a weak effect on the taste characteristics
of the cheese. When using a dose of 300 mL, an
intensification of the hop note and the appearance
of bitterness were observed, which negatively
affected the organoleptic evaluation of the product.
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Table 2. Effect of hop extract dosage on organoleptic characteristics (average values)

Hop extract Total score (out | Taste and aroma | Consistency (out | Intensity of hop Overall
dose, mL of 50) (out of 20) of 10) note assessment
100 47,2 18,5 9,0 Weak Satisfactory
200 48,7 19,8 8,9 Optimal Excellent
300 46,8 17,9 8,2 Strong, with Average
bitterness

The optimal dose was 200 mL of hop extract per
10 L of milk, providing a harmonious combination of
milk taste and a light aromatic hop note. At this
concentration, the cheese was characterized by the
highest sensory score — 48.7 out of 50.

The obtained results indicate the feasibility of
using this dosage of extract in further experiments.

Organoleptic quality indicators of cheese

Table 3. Organoleptic evaluation of samples

Organoleptic evaluation of samples was
carried out using a 50-point scale in accordance with
GOST 33630-2015. The samples were characterized
by a smooth surface without rind, uniform light-
yellow color, clean moderately acidic taste (pH 5.9),
and dense, elastic consistency without defects. In the
experimental sample, the formation of a slightly
expressed hop aroma note was observed.

Sample Taste and Consistency Pattern Color | Appearance Packaging Total
aroma (20) (10 (5) (5) (5) (5) (50)
Control (without 19,0+ 0,3 9,5+0,2 50£0,0 | 50+ 5,0£0,0 5,0£0,0 48,5 +
hop) 0,0 0,4
Sample (with hop 19,8+ 0,2 8,9+0,3 50£0,0 | 50+ 5,0£0,0 5,0£0,0 48,7
200 mL) 0,0 0,3
According to the presented data, the The obtained results indicate the

experimental sample is characterized by an increase in
the score for “taste and aroma,” with a slight decrease
in the consistency parameter. These changes remain
within regulatory limits and are not accompanied by
deterioration of other organoleptic characteristics.
Maximum scores for “color,” “appearance,” and
“packaging” were recorded for both samples.

preservation of high organoleptic properties when
introducing the studied additive.
Physicochemical parameters of finished cheese
Physicochemical parameters of cheese are
important indicators characterizing its technological
properties and stability during storage.

Table 4. Physicochemical parameters of cheese and control sample (mean = SD, n=3)

Parameter Sample (with hop) | Control (without hop) Difference (%) Comment

Total solids, % 32,09 +1,16 34,06 + 1,64 -5,8 Lower due to hydrophilicity of
hop

Fat in dry 42,27+ 3,40 43,57+ 3,19 -3,0 Comparable

matter, %

Moisture 6791 +1,16 65,94 + 1,64 +3,0 Softer texture

content, %

pH 5,90+ 0,03 5,75 £ 0,02 +0,15 units Milder acidity

The analysis results showed that the total
solids content in the experimental sample was
32.09 £ 1.16%, which is slightly lower than that of
the control sample (34.06 + 1.64%). Accordingly,
the moisture content in the experimental cheese
was higher — 67.91 + 1.16% compared to 65.94 +
1.64% in the control.

The increased moisture content is explained
by the hydrophilic properties of bioactive
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components of hop, capable of binding additional
water within the protein matrix of cheese.

The fat content in dry matter was practically
the same between the samples, amounting to 42.27
+ 3.40% in the experimental sample and 43.57 +
3.19% in the control.

The active acidity of the experimental cheese
was pH 5.90 = 0.03, which is slightly higher than that
of the control sample (pH 5.75 £ 0.02). This indicator
falls within the range typical for soft brined cheeses.
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Thus, the addition of hop extract has a
moderate effect on the physicochemical charac-
teristics of the product without violating regulatory
requirements.

Microbiological safety of cheese

Microbiological safety is a critical aspect for
high-moisture products such as soft brined cheese.

The indicators of the experimental cheese fully
comply with the requirements of Technical
Regulation TR CU 033/2013 (Table 6). Coliform
bacteria (in 0.001 g), Salmonella spp. (in 25 g), and
Staphylococcus aureus (in 0.001 g) were not
detected. The total viable count (TVC) at the
beginning of storage was 1.0-1.2 log CFU/qg.

Table 5. Microbiological parameters of cheese (average values, n=3)

Parameter Standard (TR CU 033/2013) Result Note
Coliforms (in 0.001 g) Absence Absence | Full safety
Salmonella spp. (in 25 g) Absence Absence | Full safety
Staphylococcus aureus (in 0.001 g) Absence Absence | Full safety
TVC at the beginning of storage, log CFU/g < 5,0 (recommended) 1,0-12 Very low level

The absence of pathogens indicates the
effectiveness of the technological process,
including milk pasteurization and compliance with
sanitary and hygienic regimes. Hop extract likely
enhances the antimicrobial effect due to organic

acids, phytoncides, and polyphenols that inhibit
bacterial growth. Similar effects are described in
the literature: plant extracts reduce microbial load
in dairy products by 1-2 orders of magnitude.
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Figure 1. Dynamics of water activity (aw) in cheese at different storage temperatures

The figure 1 shows the dynamics of water
activity in the control sample and the sample
treated with hydrogen-enriched water over 72
hours. It was found that the control exhibits higher
aw values (0.781-0.888) with an increasing trend
toward the end of storage, whereas the hydrogen-
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treated sample shows lower and more stable values
(0.654-0.693). The use of hydrogen-enriched
water reduces aw by 0.12-0.20 units and limits its
fluctuations, indicating a pronounced stabilizing
and antimicrobial effect, contributing to improved
product preservation.
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Dynamics of pH
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Figure 2. Changes in cheese pH at different storage temperatures

The figure 2 illustrates the pH dynamics of
the control sample and the sample treated with
hydrogen-enriched water over 72 hours. The
control sample shows higher pH values (5.77-5.30)
with a gradual decrease during storage, while the
hydrogen-treated sample maintains lower and more

stable pH values (4.96-5.08). The application of
hydrogen-enriched water results in a slight
acidification and reduced pH fluctuations,
indicating a stabilizing effect and creating less
favorable conditions for microbial growth, thereby
enhancing product stability during storage.

Dynamics of oxidation-reduction potential (ORP)
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The figure shows the dynamics of
oxidation-reduction potential (ORP) in the
control sample and the sample treated with
hydrogen-enriched water over 72 hours. The
control sample exhibits higher ORP values (94.2—
136.9 mV) with a steady increase during storage,
indicating progressive oxidative conditions. In
contrast, the hydrogen-treated sample demon-

strates significantly lower ORP values (61.8-72.8
mV) with minor fluctuations. The use of
hydrogen-enriched water reduces ORP by
approximately 30-70 mV, confirming its
pronounced reducing and antioxidant -effect,
which contributes to the inhibition of oxidative
processes and improves product stability during
storage.

Color parameters
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Figure 4. Color dynamics over 72 h of contact with brine
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Changes in color parameters (L*, a*, b*) during contact with brine
Color is an important quality indicator of soft brined cheese, reflecting both product freshness and the degree of oxidation.
The color coordinates L* (lightness), a* (red—green), and b* (yellow-blue) were measured for all samples of soft brined

cheese: in water-based brine and hydrogen-enriched brine.

The figure presents the changes in color
parameters (L*, a*, b*) of the control sample and
the sample treated with hydrogen-enriched water
over 72 hours. In the control, a slight decrease in
lightness (L*) and minor fluctuations in a* and b*
values are observed, indicating gradual color
changes during storage. In contrast, the hydrogen-
treated sample shows more stable L* values and
lower variability in a* and b*. The use of
hydrogen-enriched water helps preserve color
characteristics, demonstrating an antioxidant effect
and reducing pigment degradation, thereby
maintaining product visual quality during storage.

Conclusion

The conducted study demonstrated that the
incorporation of hop extract during the production
of soft brined cheese, followed by storage in
hydrogen-enriched brine, represents an effective
technological approach for improving product
stability. The application of hop extract at a dose of
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200 mL per 10 L of milk in combination with
hydrogen-enriched brine contributes to the
reduction of oxidative processes, stabilization of
physicochemical parameters (aw 0.638-0.640, pH
4.96-5.08), and maintenance of low redox
potential values. Microbiological analysis showed
that the total viable count (TVC) in experimental
samples remained at a low level (1.0-1.2 log
CFU/g), while pathogenic microflora were not
detected. In addition, improved stability of color
characteristics was observed during storage. Thus,
the combined use of hop extract and molecular
hydrogen can be considered a promising approach
for enhancing the stability of soft brined cheese and
potentially extending its shelf life without the use
of synthetic preservatives.

Funding information: This research was
funded by the Committee of Science of the
Ministry of Science and Higher Education of the
Republic of Kazakhstan (grant No. BR24992914).



AJIMATBI TEXHOJIOTMSUIBIK YHUBEPCUTETiHIH xabapmbichl. 2026. Ne2.

REFERENCES

1. Alwazeer, D., K. Tan, and B. Ors. “Reducing
Atmosphere Packaging as a Novel Alternative
Technique for Extending Shelf Life of Fresh Cheese.”
Journal of Food Science and Technology 57, no. 8
(2020): 3013-3023. https://doi.org/10.1007/s13197-
020-04334-4

2. Najera, A. I, et al. “A Review of the
Preservation of Hard and Semi-Hard Cheeses: Quality
and Safety.” International Journal of Environmental
Research and Public Health 18, no. 18 (2021): 9789.
https://doi.org/10.3390/ijerph18189789

3. Kyrykbaeva, S., et al. “Evaluation of
Antimicrobial Efficacy and Shelf Life of Natural Hop
Extract in Cheese Production.” CyTA — Journal of Food
23, no. 1 (2025). https://doi.org/10.1080/19476337.
2024.2446821

4. Kolenc, Z., et al. “Antimicrobial Properties of
Different Hop (Humulus lupulus) Genotypes.” Plants
12, no. 1 (2022): 120. https://doi.org/10.3390/plants
12010120

5. Larson, A. E., et al. “Antimicrobial Activity
of Hop Extracts against Listeria monocytogenes in
Media and in Food.” International Journal of Food
Microbiology 33, no. 2-3 (1996): 195-207. https://doi.
0rg/10.1016/0168-1605(96)01155-5

6. Di Lodovico, S., et al. “Hop Extract: An
Efficacious Antimicrobial and Anti-Biofilm Agent
against Multidrug-Resistant Staphylococci Strains and
Cutibacterium acnes.” Frontiers in Microbiology 11
(2020). https://doi.org/10.3389/fmich.2020.01852

7. Kramer, B., et al. “Antimicrobial Activity of
Hop Extracts against Foodborne Pathogens for Meat
Applications.” Journal of Applied Microbiology 118,
no. 3 (2015): 648-657. https://doi.org/10.1111/jam.
12717

8. Kyrykbaeva, S. T., et al. “Investigation of the
Possibility of Hop Extract Usage in Cheese Production.”
Bulletin of Shakarim University. Technical Sciences 1,
no. 4(12) (2023): 150-159. https://doi.org/10.53360/
2788-7995-2023-4(12)-19

76

9. Alwazeer, D, et al. “Molecular Hydrogen: A
Sustainable Strategy for Agricultural and Food
Production Challenges.” Frontiers in Food Science and
Technology 4 (2024).
https://doi.org/10.3389/frfst.2024. 1448148

10.Russell, G., A. Nenov, and J. T. Hancock.
“How Hydrogen (H:) Can Support Food Security: From
Farm to Fork.” Applied Sciences 14, no. 7 (2024): 2877.
https://doi.org/10.3390/app14072877

11. Alwazeer, D. “Consumption of Hydrogen-
Treated Foods Provides Nutritional and Health
Benefits.” (2024): 319-337. https://doi.org/10.1007/
978-3-031-47375-3_19

12.Ceylan, M. M., et al. “Evaluation of the
Impact of Hydrogen-Rich Water on the Quality
Attributes of Butter.” Journal of Dairy Research 89, no.
4 (2022): 431-439. https://doi.org/10.1017/S0022029
922000681

13.Falih, M. A., et al. “Enhancing Safety and
Quiality in the Global Cheese Industry: A Review of
Innovative Preservation Techniques.” Heliyon 10, no.
23 (2024): e40459. https://doi.org/10.1016/j.heliyon.
2024.e40459

14. Bulut, M., et al. “Hydrogen-Rich Water Can
Reduce the Formation of Biogenic Amines in Butter.”
Food Chemistry 384 (2022): 132613. https://doi.org/10.
1016/j.foodchem.2022.132613

15. Paniagua-Garcia, A. 1., A. Ibafiez, and R.
Diez-Antolinez. “Green Antimicrobials: Innovative
Applications of Hop Extracts as Biocontrol Agents.”
Pathogens 14, no. 5 (2025): 418. https://doi.org/10.
3390/pathogens14050418

16. Quinto, E. J., et al. “Food Safety through
Natural Antimicrobials.” Antibiotics (Basel) 8, no. 4
(2019). https://doi.org/10.3390/antibiotics8040208

17.Bilska, A., et al. “Antioxidant Activity of
Humulus lupulus Phenolic Hop Extracts in Creating a
New Paté: An Element Affecting Fat Stability and
Microbiological Quality during Storage.” Molecules 29,
no. 7 (2024): 1561. https://doi.org/10.3390/molecules
29071561


https://doi.org/10.1007/s13197-020-04334-4
https://doi.org/10.1007/s13197-020-04334-4
https://doi.org/10.3390/ijerph18189789
https://doi.org/10.1080/19476337.%202024.2446821
https://doi.org/10.1080/19476337.%202024.2446821
https://doi.org/10.3390/plants%2012010120
https://doi.org/10.3390/plants%2012010120
https://doi.org/10.3389/fmicb.2020.01852
https://doi.org/10.1111/jam.%2012717
https://doi.org/10.1111/jam.%2012717
https://doi.org/10.53360/%202788-7995-2023-4(12)-19
https://doi.org/10.53360/%202788-7995-2023-4(12)-19
https://doi.org/10.3389/frfst.2024.%201448148
https://doi.org/10.3390/app14072877
https://doi.org/10.1007/%20978-3-031-47375-3_19
https://doi.org/10.1007/%20978-3-031-47375-3_19
https://doi.org/10.1017/S0022029%20922000681
https://doi.org/10.1017/S0022029%20922000681
https://doi.org/10.1016/j.heliyon.%202024.e40459
https://doi.org/10.1016/j.heliyon.%202024.e40459
https://doi.org/10.%201016/j.foodchem.2022.132613
https://doi.org/10.%201016/j.foodchem.2022.132613
https://doi.org/10.%203390/pathogens14050418
https://doi.org/10.%203390/pathogens14050418
https://doi.org/10.3390/antibiotics8040208
https://doi.org/10.3390/molecules%2029071561
https://doi.org/10.3390/molecules%2029071561

