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In the context of increasing demands for the quality and safety of food products, the integration of innovative
storage technologies has become essential. This study aims to evaluate the impact of storage conditions and the Dixell
XWEB300 monitoring system on the quality and safety of meat products enriched with plant-based components. The
primary objective is to assess the effectiveness of digital systems in preventing oxidative processes, preserving
organoleptic characteristics, and extending the shelf life of products. The scientific significance of this research lies
in developing novel approaches to leveraging digital technologies for minimizing microbiological risks and enhancing
the quality of meat products. The practical relevance is supported by findings that demonstrate improved
microbiological indicators and preserved organoleptic properties under digital monitoring conditions compared to
traditional methods. The methodology includes experiments to measure thiobarbituric and peroxide values, along with
temperature and humidity monitoring under standard and digital storage conditions. The findings highlight the
potential of digitalization to improve product quality and foster consumer trust. The results provide a foundation for
further advancements in digital storage systems within the food industry.
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A3bIK-myniKk enimoepiniy canacvl MeH Kayincizoicine KOUbllamvlH mMaianmapobly, apmyvblHa 0aii1anbicmol
UHHOGAUUATBIK CAKMAY MEXHOI02UANAPLIH eH2i3y Kajicem 00.1btn omulp. Byn 3epmmey 6cimOik Komnonenmmepiven
Oaiibimulizan em oHiMOepiniy canacel meH Kayincizodicine cakmay scazoaiinapvt men Dixell XWEB300 monumopune
Jcyiiecininy acepin bazanayza 0Oazeimmanzan. 3epmmeyoiy Hezizei makcamvl — CAHOBLIK Jcyilenepoiy, momaulay
npouecmepin 6010blpmay, Op2aHoONeRMUKAIBIK KACUemmepoi caKkmay jHcone OHiMOepoin cakmay mep3imin yzapmy
muimoiniczin 6azanay. 3epmmeyoin 2vlIbIMU MAHBIZObLALIZBI MUKPOOUOIO0UANBIK KAyinmepoi a3aiimy iHcoHe em
OHIMOEPIHIN Canacvii JHeaKcapmy yulin yugpiaovlk mexHo102usniaposl RauoananyoObly Heana macinoepin azipaeyoe.
THlpakmukanvlk Manvl30bL1bI26L 0ICMYPIL 20ICMEPMEH CATBICHBIPRZAHOA CAHOLIK MOHUMOPUHZ HCAOQUNAP bIHOA
MUKDPOOUOIO0ZUATIBIK, KOPCEMKIUWMEDPOIH, HCAKCAPAHbIH MHCIHE OPZAHOIENnMUKAIbIK Kacuemmepoiny CaKmauiysbiH
Kepcememin Hamudicenepmen pacmanadvl. Oodicmeme CHMAHOAPHIMDBL JHCIHE CAHOBIK CAKMAY HCA0AUNAPLIHOA
memnepamypa MeH bliAN0bLIbIKHbL OAKbLIAYMEH Kamap muodapoumyp KblUKbLILIHBLY JHCIHE ACKbIH MOMBbIEYy
MIHOEpin onuwey 0oubIHua IKCnepUMenmmepoi Kammuovl. Anvinzan nomudicenep yu@paanovipyovlyy OHIM CAnACHIH
JHcaKcapmyza dHcoHe mymolHYUibliapoOblly, CEHIMIN apmmulpy2a MymMKinoi2i oap exenin kopcemeodi. byn nomuoicenep
a3plK-myJiK eHepKacidindei yudpaviK cakmay yncyienepin o0an api yceminoipyze neziz 6ona anaovl.

Heri3ri ce3mep: caHabIK 0aKkbliay, MOHUTOPHHTI, CAKTAY, €T OHiMIepi, cana, Kayincizaik.
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NMHHOBAIIMOHHBIE ITOAXO/bl K OHEHKE KAYECTBA U BE3OITIACHOCTHU MACHBIX
MNPOAYKTOB HA OCHOBE HIU®POBU3AIIMN CUCTEMbBI XPAHEHU A
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B ycnosusx pacmywjux mpeboeanuii K Kauecmey u 0e30RACHOCMU RULEEHIX RPOOYKMOE 6HeopeHue
UHHOBAYUOHHBIX MEXHOI0ZUIL XPaAHeHUs cmanosumca Heodxooumocmoiro. Hacmoawee uccneoosanue nanpasneno
Ha usyyenue GAUAHUA YCO6Ull Xpanehus u monumopunzoeou cucmemot Dixell XWEB300 na xauecmeo u
0e30nacHoCmb MACHBIX NPOOYKMO8, 0002AWEHHBIX pacmumenvHolmu Komnonenmamu. Llenv pabomer cocmoum ¢
ouenke Ipghekmusnocmu npumenenus yuPpoevix cucmem 071 NPeOOMEPAULEHUS OKUCTUMETbHBIX NPOUECCO8,
COXpAHEHUA OP2AHONENMUYECKUX XAPAKMEPUCMUK U NOGbIMEHUA CPOK08 Xpanenus npooykyuu. Hayunas
ZHAYUMOCID UCCIE006AHUSL 3AKTIOUAEMCsA 6 pa3padomKe HOGbIX NO0X0008 K UCHOIb306AHUIO UUPPOGHIX
MEXHON0ZUN 011 MUHUMU3AUUU MUKPOOUOI0ZUMECKUX DUCKO8 U YIYHUIEeHUs KA4eCmed MACHBIX HPOOYKMOS.
Ilpakmuueckass ~ 3HAUUMOCHb  NOOMEEPIHCOACMCS  PE3YIbMAMAMU,  OEMOHCHPUPYIOWUMUY  YIyYlieHue
MUKPOOUOSIOZUYECKUX NOKA3amenel U COXPAHHOCHMb OpPZAHOIENMUYECKUX CGOUCHE 6 YCN08UAX UUPPO8o20
MOHUMOPUH2A NO CPAGHEHUIO ¢ MPAOUUUOHHBIMU Memodamu Xpanenus. Memoodonozus eKnouaem npogedenue
IKCREPUMEHMO6 NO OUEHKEe MUOGApOUMYPO8020 U HEPEKUCHO20 HUCIA, 4 MAKICE MOHUMOPUHZ MEeMNepamypol u
61ANCHOCIMU RPpU CMAHOAPMHBIX U UuPpposvix ycnosusx xpanenus. Ilonyuennvie Oannvie Oemoncmpupyiom
nePCREKMUBHOCMb UUPPOGU3AUUN XPAHEHUs 0N YAYYUIEHUA Ka4ecmea NpoOyKUuu u ROGvluieHUs 006epus
nompeoumenei. Pezynomamot uccnedosanus cozoaom o0cHO8y 01 OANbHEUWIUX pA3padomox 6 obaacmu
yugposusayuu cucmem XpaneHus 6 NUWLEE0I RPOMbLULIEHHOCHIU.

KiroueBble ciioBa: uupoBasi Npoc/ie;KHBaeMOCTb, MOHUTOPUHI, XPaHeHUe, MAICHbIE IPOAYKTHI,
Ka4eCTBO, 0€30MACHOCTD.

Introduction The application of digital technologies opens

The quality and safety of meat products are new opportunities for optimizing formulations,
among the primary priorities of the food industry. predicting shelf life, and minimizing production
While modern production technologies have losses. For instance, the study «Artificial
achieved a high level of automation, methods for intelligence-driven automation is how we achieve
assessing the quality of processed meat products the next level of efficiency in meat processing»
often remain outdated. This necessitates the demonstrated that the use of neural networks
adoption of new approaches, such as digitalization reduced losses by 18% [4]. Researchers from China
and the integration of artificial intelligence, to developed an analytical platform for managing
enhance the efficiency of monitoring and meat supply chains, which reduced logistics costs
forecasting the quality characteristics of products. by 12% [5].

The digitalization of production processes in Particular interest lies in the use of computer
the meat industry has significantly improved vision technologies. These are applied to analyze
guality control. Scientists noted that the use of the textural and geometric characteristics of raw
visual technologies and sensors effectively materials, as well as to objectively assess the
facilitates the analysis of the physicochemical physicochemical properties of products [6]. Such
properties of meat, such as texture, color, and fat approaches not only improve production quality
content [1]. Multispectral systems successfully but also enable the development of new products
prevent spoilage of fresh products by monitoring with unique consumer characteristics.
changes in their structure and composition [2]. Despite the advances in digital technology
Hyperspectral technologies can be used to applications, the use of monitoring systems such as
accurately assess the texture and moisture Dixell XWEB300 for preserving the quality of
distribution in meat products [3]. However, these meat products enriched with plant-based
studies primarily focus on basic food products, components remains insufficiently studied. The
while the impact of digital technologies on meat digitalization of storage processes could become a
products enriched with plant-based components key factor in minimizing microbiological risks and
remains underexplored. extending product shelf life.
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The relevance of this study stems from the
need to address gaps in understanding the impact
of digital technologies on the quality and safety of
enriched meat products. The research aims to
develop scientifically grounded recommendations
for the application of such technologies, thereby
enhancing the competitiveness of food products.

Materials and research methods

The objects of this study were meat products
enriched with plant components (5% rosehip
powder). The products were made from fresh,
chilled beef raw materials. Samples were vacuum-
packed and stored for 14 days at a temperature of 0
to +2 °C and relative humidity of 85-90%. Two
groups were analyzed:

- Control group - products were stored under
standard conditions.

- Experimental group - products were stored
using the Dixell XWEB300 digital monitoring
system.

The following methods were used in the
study:

- Organoleptic ~ characteristics: ~ These
included color, smell, taste, and texture, evaluated
by an expert commission on the 7th and 14th days
of storage. A 5-point scale was used, where 5
indicated excellent quality and 1 indicated
unacceptable quality [7].

- Microbiological indicators: These included
bacterial contamination (CFU/mI) and the presence
of pathogenic microorganisms, such as Salmonella
spp. and Listeria monocytogenes. Microbiological
analyses were performed every 7 days using the
plating method on selective media to determine the
overall level of contamination and identify
pathogens [8].

- Acid value of lipids: Determined according
to the EVS EN ISO 660:2009 standard. Lipids were
dissolved in 99% ethyl alcohol, heated for 2

minutes, and titrated with a hot solution of 0.1 M
potassium hydroxide (KOH) using
phenolphthalein as an indicator. Results were
expressed in milligrams of potassium hydroxide
(mg KOH) per gram of lipids [9].

- Peroxide value: Determined using a
spectrophotometric method based on the oxidation
of hydroperoxides with Fe®* ions to Fe**. Fe**
interacted with thiocyanate (SCN-), forming a
colored complex, the intensity of which was
measured at a wavelength of 507 nm. This method
was refined by Schmed and Holmer [10].

- Thiobarbituric acid value (TBA): Used to
evaluate the degree of lipid oxidation according to the
method of Botsoglou et al. Malondialdehyde, formed
during lipid oxidation, reacted with thiobarbituric
acid to form a colored complex. The optical density
of the complex was measured at a wavelength of 532
nm using a spectrophotometer [11].

Temperature and humidity monitoring was
conducted daily. In the experimental group, the
Dixell XWEB300 system was used for automatic
data recording, ensuring a temperature range of 0—
2 °C and humidity of 85-90%. In the control group,
parameters were recorded manually [12].

The application of these methods provided
accurate and comprehensive data to assess the
impact of storage conditions on the quality and
safety of meat products enriched with plant
components.

Results and discussion

The analysis of control data revealed that the
control group exhibited temperature fluctuations of
up to 3.5 °C and a decrease in relative humidity to
80%. In contrast, the experimental group, utilizing
the Dixell XWEB300 system, maintained a stable
temperature range of 0-2 °C and relative humidity
at 85-90%, ensuring optimal storage conditions
(Table 1).

Table 1. Temperature and humidity indicators during the storage period

Parameters

Control group

Experimental group

Average temperature

35°C

1,8 °C

Average humidity

80%

87%

Comparative analysis has shown that the use
of the Dixell XWEB300 system significantly
improves the storage conditions of both
conventional meat products and products with
vegetable components. Special attention should be
paid to herbal ingredients that require more stable
storage conditions. The XWEB300 system allows
you to preserve their properties through precise
parameter control.
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On the 7th day of storage, the average scores
of organoleptic properties, including color, taste
and consistency, were significantly higher in the
experimental group compared with the control
group (Table 2).

On the 14th day, the control group showed a
deterioration in consistency and the appearance of
a spoilage odor, while in the experimental group
the organoleptic characteristics remained high
(Figure 1).
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Table 2. Sensory properties on the 7th day of storage

Control group

Experimental group

47

4.8

Parameters
Color 3.8
Taste 3.9
Texture 4.0

4.9

—— Control group

Experimental
group

Figure 1. Organoleptic parameters on the 14th day of storage

On the 14th day of storage, the number of
bacteria in the control group was 4.8x10° CFU/g,
while in the experimental group it was 2.5x10°
CFU/g. The presence of  pathogenic

Table 3. Microbiological parameters on the 14th day of storage

appearance
5

microorganisms such as Salmonella spp. and
Listeria monocytogenes was not detected in the
experimental group, but traces of Salmonella were
found in the control group (Table 3).

Parameters Control group Experimental group
Bacterial Contamination (CFU/g) 4,8x10° 2,5%10°
Presence of Salmonella spp. Trace Not detected

In the experimental group, the bacterial
contamination level (TAMC) on the 14th day was
48% lower compared to the control group (2.5x10°
CFU/g vs. 4.8x10° CFU/g). Pathogenic
microorganisms, such as Salmonella spp., were
detected only in the control group, underscoring the
importance of stable storage conditions.

Hyperspectral imaging is highly effective for
monitoring changes in the texture and color of foods
associated with fat oxidation. The use of such
technologies makes it possible to record the
accumulation  of  hydroperoxides and the
decomposition of lipids, which is clearly reflected in
the values of peroxide value and thiobarbituric acid
value [13]. Temperature and humidity control in the
Table 4. Oxidative indicators on the 14th day of storage

meat supply chain also plays an important role in
reducing the intensity of oxidative processes. The use
of digital technologies helps to minimize the values
of peroxide value and thiobarbituric acid value,
increasing lipid stability and product quality [14]. In
addition, real-time digital monitoring Systems
demonstrate high efficiency in preventing fat
oxidation, minimizing hydrolysis and secondary
decomposition of lipids [15].

Oxidative indicators are key parameters for
assessing the quality of fats in meat products. The
study focused on three main parameters: acid
value, peroxide value and thiobarbituric acid value.
The results of the analysis are presented in Table 4.

Parameters Control group Experimental group
Acid Value (mg KOH/g) 2.5 1.6
Peroxide Value (meg/kg) 6.2 3.8
Thiobarbituric Acid Value (mg/kg) 0.45 0.25
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In the experimental group, the acid number
decreased by 36% compared to the control group.
This indicates a slowdown in the hydrolytic
processes in lipids due to the stabilization of
storage conditions.

The peroxide value in the experimental
group was 39% lower, indicating a slowdown in
primary lipid oxidation.

The value of the thiobarbiturium number in
the experimental group is 44% lower, which
emphasizes the reduction of secondary oxidation
processes.

Conclusion

The objective of this study was to evaluate the
impact of the Dixell XWEB300 digital monitoring
system on the quality and safety of meat products
enriched with plant components. To achieve this,
analyses of sensory characteristics, microbiological
indicators, and oxidative parameters were conducted,
highlighting the benefits of using digital monitoring
systems during storage.

The results demonstrated that the Dixell
XWEB300 system ensures stable storage conditions,
including maintaining temperature (02 °C) and
humidity (85-90%), significantly reducing the risk of
product spoilage. In the experimental group, bacterial
contamination levels were 48% lower than in the
control group, and no pathogenic microorganisms,
such as Salmonella spp., were detected. Additionally,
sensory evaluation revealed that products in the
experimental group retained high levels of color,
taste, and texture even on the 14th day of storage,
unlike the control group, where these parameters
deteriorated.

Particular attention was given to oxidative
parameters such as acid value, peroxide value, and
thiobarbituric acid value. These were significantly
lower in the experimental group compared to the
control group, indicating a deceleration of
hydrolysis and lipid oxidation processes. This
underscores the effectiveness of digital monitoring
in preserving the quality of fats.

The study demonstrated that the Dixell
XWEB300 digital system significantly improves
storage conditions for meat products, enhancing
their quality, safety, and shelf life. These findings
emphasize the potential of implementing such
technologies in the meat processing industry to
increase product competitiveness. Future research
should explore the long-term effects of digital
systems on the storage of various food products, as
well as the development of integration with
artificial intelligence for more precise forecasting
and automated control of storage conditions.
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BAJIAJIAP TAMAKTAHYBIHA APHAJIFAH KEMIC KOCITACBIMEH
KbIIIKbIJI CYT OHIMIHIH PEHEIITYPACBIH 93IPJIEY
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byn scymvicma cymKbluiKsliiosl OHIMOEp accopmumenmin Keneumy mMakcamvlioa KypamovlHa eHziziiemin
AUILIMKBLNAP MEH dcemic KOCHACLIHbLY KACUEemmepiH ecKepe 0muipbin, Ho2ypm a1y MexXHoI02UACHL I3IPIEH2EeH JHCIHe
OHBIH PUBUKA-XUMUATBIK KACUEMMEPIH 3epmme)y Homucecinoe cakmay mep3imi AaHblKmaizan. 3epnmmey Makcamul:
cym wiuKizamulln KOJ0aHbln, 0CiMOIK meKmec KOCnanapovly (Qu3uKo-XumusaivlK Kacuemmepin caKkmaii omuipuln,
boananap azzacvlHa naudAnLl OONAMBIKH JicaHa OHIm mypin 23ipney. Bananapea apnanzam cym eHimOepiHiH
accopmumenmin KeHeimy 0071bin madwvliaobl. 3epmmey HCAHAIBIZLL: OANANAP2A APHATIZAH HCAHA CYM OHIMIHIH
MEXHONO0ZUACLIH, OHOEY PeHCUMOEPIH He2i30e10i; OHIMHIY KYPAMbIHA KOCHLIAMbIH OCIMOIK meKmec wuKizammol


mailto:aruzhan.temirbekovna@mail.ru
https://orcid.org/0000-0001-7271-0034
https://orcid.org/0009-0002-9020-8157
https://orcid.org/0009-0001-5276-6281
https://orcid.org/0009-0000-5160-5200
https://orcid.org/0009-0008-8377-7777
https://orcid.org/0009-0006-4644-3909

