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With increasing demands on the quality and safety of meat products, it is becoming urgent to find solutions that
combine functional additives and modern storage technologies. The present study aims to assess the impact of digital
control of storage conditions and the addition of a vegetable component on the quality and microbiological stability of
national meat products. The object of the study was products made according to the same formulation: in one group,
a standard formula was used, in the second— an additional herbal component with potential antioxidant properties
was introduced. Each group was stored for 30 days in two modes: The Dixell XWEB300 system is digitally controlled
and in traditional conditions without automated monitoring. The comprehensive analysis included the determination
of physico-chemical parameters (acid number, peroxide number, TBARS), microbiological parameters and
organoleptic assessment. The results showed that the best preservation indicators were demonstrated by samples with
a plant component stored under digital monitoring conditions: they were characterized by more stable organoleptic
properties, lower oxidation rates, and stable microbiological characteristics. Thus the combination of functional
ingredients with digital storage control provides a synergistic effect in improving the quality and safety of meat
products.
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Em onimoepinin canacel men Kayincizoizine KouvliamolH maianmapovl Kyuieiumy Heaz0auvinoa GyHKyuonaiost
KOCnanap Men 3amManayu caKkmay mexnono2uAnapoln oipikmipemin wiewtimoepoi izoey ezexmi 60abin maowvinadvt. Ocol
3epmmey OcimoiKk KOMNOHEHMIN CAKMAY HCIHE KOCY HCAO0AUNAPbIH YUPPILIK 0AKbLIAYObLY, YIMMBIK e OHIMOEDIHIH
canacvl MeH MUKPOOUON0ZUATBIK MYPAKMBLIbIZLIHA ICEPIH 0a2anaya 6azplmmanzan. 3epmmey HoICAHBL COTL hopmyna
Ooutvinwa deacanzaun OHimoep 6010wl Oip monma cmanoapmmal Hopmyna KoJa0ansliowl, eKiHuicinoe nOmMeHyuaI0bl
AHMUOKCUOGHMMBIK, Kacuemmepi 6ap ocimoik Komnonenmi Kocoimuia en2izindi. 9p mon 30 Kyu 6oitvl exi pexcumoe
cakmanowt: canowik, oaxpiiayoa DIXELL XWEB300 axcyiteci scane 0acmypii scazoaiinapoa agmomammanobipbLiZan
oaxpiaycolz. Kewenoi manoay pusuxanvik-xumusivlk Kopcemkiuimepoi (Koluikpli canvl, nepokcud canst, TBARS),
MUKPOOUONO2UATBIK NAPAMEmPIIepOi HCIHe OP2AHOIENMUKANBIK 0a2anayobl aHblKmayosl Kammulovl. Hamuowcenep
UUPPABIK MOHUMOPUHZ MHCAZOAUBIHOA CAKMANZAH OCIMOIK KOMHOHEHmI 0ap ynzinepoiy eH Hcakcvl cakmany
KepcemKiwimepin KopcemKeHin Kepcemmi: o0aap mypaKmol Op2AHOIENMUKANBIK KacuemmepimeH, momoley
AHCHLTIOAMOBIZLIHBIY, MOMEHOIZIMEH  JHCOHE MYPAKmMbl MUKPOOUOIO2UANBLIK CURAMMAMAIAPLIMEN ePeKuieneHOI.
Ocblraitma, ynkyuonandvl unzpeoueHmmepoi CaKmayovlt CAHObIK, OAKblLIaybIMeH OIpiKkmipy em oHimOepinin canacol
MeH Kayincizoizin apmmolpyoa cunepzemuKaiblK acepoi KAMmamacwls emeoi.

Heri3ri co31ep: caHAbIK MOHUTOPUHT, VITTBIK €T 6HIMAEPi, caKkTay, 6CiMIiK KOMIIOHEHTI, canachl,
Kayineizairi.
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IMOBBIMNEHUE KAYECTBA U BE3OITACHOCTH MSICHBIX W3IEJINI
3A CYET HU®POBOI'O KOHTPOJIA YCJIOBUM XPAHEHUS
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B ycnosusax ycunenusa mpedosanuii K Kauecmey u 0€30nacHoCmu MACHbIX NPOOYKINO6 AKNLYATbHbIM CIHAHOBUMCA
ROUCK pewienull, couemanuux QyHKYUOHAIbHble 000a6KU U coépemeHHble mexHonozuu xpanenus. Hacmoauwee
uccne006ane HanPasIeHo Ha OUEHKY GUAHUA YUPPOE020 KOHMPOTA YCIOGUI XPAHEHUA U 000AEIEHUA PACHIUMETbHO20
KOMNOHEHMA HA KAYeCmeo U MUKpOOUOI02UYECKYI0 CIMAOUIbHOCHb HAUUOHAIbHBIX MACHBIX uzdenuil. Odvekmom
uccne006anua Cmanu u3oenus, U32omoeieHHble no 00HOI U MOl Jce peyenmype: 6 00HOU 2pynne UCnoab306a14ch
cmanoapmuan opmyna, 60 6mopoii — OONOJIHUMENLHO 66€0EH PACIMUMENbHBII KOMNOHEHN C NOMEHWUAIbHBIMU
anmuoxcuoanmuvimu ceoiicmeamu. Kasxrcoan zpynna xpanunace ¢ meuenue 30 cymox 6 08yx pexcumax: noo yugpoewvim
konmponem cucmema Dixell XWEB300 u 6 mpaduyuonnsvix ycnosusx 6e3 agmomamusuposaniozo MOHUMOPUH2zd.
Komnnexcnolii ananu3s 6xkniouan onpedenenue Quuko-xumuueckux nokazameneii (KUCi10mHuoe 4ucio, nepeKuctHoe Yucio,
TBARS), muxpoouonozuueckux napamempog u opzanonenmuueckoii oyenku. Pesynomamol nokazanu, umo nawiyuuiue
noKazamenu cOXpanHOCIMu NPOOEMOHCHIPUPOBATIU 0OPA3UbL C PACIUMEILHBIM KOMROHEHMOM, XPAHUGUIUECS 8 YCI0GUAX
UUPpo6020 MOHUMOPUHZA: OHU OMAUYATIUCH DONIEe CMADUTBHBIMU OPZAHOTIENMUYECKUMU CEOUCEAMU, MEHbIUUMU
memnamu OKUCAeHUA U yCMOUYUBLIMU MUKPOOUON0ZUYecKumu xapakmepucmukamu. Taxum oopazom, coemeuienue
dyuKyuonanvHbIX UHZPEOUECHMO6 C YUPPOGHIM KOHMPOTEM XPAHECHUA 0Decneuueaem cunepzemuiecKuii Igpgexm 6
nogviuieHUU Kauecmea u 6e30nacHOCHU MACHbIX U30enuil.

KuarwueBbie cjioBa: nudpoBoii MOHMTOPMHI, HAUMOHAJbHbLIE MSICHbIE H3/e/Hs, XpaHEHUe,
pacTuTe/bHbIH KOMIIOHEHT, Ka4eCTBO, 0€3011aCHOCTb.

Introduction [5]. At the same time, digital control of environmental
The quality and safety of meat products remain parameters ensures stability of storage conditions,
the top priorities of the food industry. Despite the prevents fluctuations and helps prolong the consumer
development of processing and packaging techno- suitability of products [6].
logies, a significant part of product losses occurs Against this background, the relevance of
precisely at the storage stage, because of unstable comprehensive research is increasing, which
temperature and humidity conditions, acceleration of simultaneously considers the recipe features of meat
oxidative processes and the development of microflora products and the technological conditions of their
[1]. Traditional meat products are particularly storage. In particular, the study of the impact of
vulnerable, including national products, the digitalization on the stability of products with various
formulation of which often does not provide for heat compositions (including plant components) will
treatment or synthetic stabilizers. allow us to form scientifically sound approaches to
Digitalization of food storage processes is one ensuring product safety and quality.
of the most promising areas of modern food science. The purpose of the study is to conduct a
The use of automated monitoring systems such as the comparative analysis of the influence of digital and
Dixell XWEB300 allows for continuous monitoring traditional control of storage conditions on the
of temperature and humidity, rapid response to microbiological, physico-chemical and organoleptic
deviations, and data collection for real-time analysis characteristics of national meat products with and
[2]. Such technologies have already shown without the addition of a vegetable component.
effectiveness in cold storage chains for fish, dairy Materials and research methods
products and chilled meat [3-4], However, scientific The object of the study was national meat
data on the use of digital monitoring specifically for products made from horse meat, prepared according
traditional meat products, especially those enriched to a traditional recipe with the addition of a functional
with functional additives, is still insufficient. component — sea buckthorn extract (Hippophae
Modern research confirms that even minor rhamnoides). For the experimental group, a 5%
temperature fluctuations (more than 2 ° C) can lead to extract was used, evenly distributed over the entire
activation of opportunistic microflora and accelerated mass of the product. The control group contained
oxidation of fats, which reduces not only the shelf only basic meat raw materials and standard spices
life, but also the organoleptic properties of products (salt, pepper, coriander).
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Fresh horse meat purchased from certified
suppliers and subjected to preliminary veterinary
and sanitary control was used for production [7].
After grinding and adding the components, the
minced meat was molded, packed in a vacuum film
and divided into two groups depending on the
storage conditions.

Sea buckthorn fruits were dried at a
temperature of 50 ° C for 16-18 hours in a convection
dryer, followed by grinding to a powdery state.
Extraction was carried out in ethanol (70%) in the
ratio of raw material: solvent — 1:10. Ultrasound
exposure was performed in a bath at a temperature of
55-60 °C for 30 minutes. The solution was then
filtered and evaporated on a rotary evaporator until a
concentrated extract was obtained. After drying in a
vacuum drying chamber, a powder was obtained,
which was added to the formulation in an amount of
5% by weight of meat [8].

The samples of each group were vacuum
packed and stored at a temperature of 0...+2 °C and
humidity of 85-90%. The control group consists of
storage in a standard refrigerator with manual
measurement of parameters. The experimental group
consists of storage in a chamber with a connected
Dixell XWEB300 digital monitoring system that
automatically registers temperature, humidity and
deviations in real time [9].

The XWEB300 system recorded storage
parameters every 10 minutes, allowing it to detect
deviations over the entire period. Such data was used
to analyze the stability of storage conditions and their
impact on product quality [10].

The quality of meat products was assessed
by a set of indicators, including organoleptic
properties, microbiological safety, and physico-
chemical stability.

Organoleptic evaluation was performed on the
first, seventh and fourteenth days of storage on a five-
point scale. The estimated parameters were color,
smell, taste, and texture. The examination was carried

Table 1. Sensory properties on the 7th day of storage

out by a commission of five specialists in accordance
with the methodology established by the GOST
9959-2015 standard [10].

Microbiological  studies included the
determination of the total number of mesophilic
aerobic and facultative anaerobic microorganisms, as
well as monitoring for the presence of pathogenic
bacteria Salmonella spp. They were detected
according to the requirements of GOST 31659-2012,
and Listeria monocytogenes — according to GOST
32031-2012. Samples were taken and analyzed on the
seventh and fourteenth days of storage using selective
nutrient media [11].

The physico-chemical characteristics of
oxidative stability included the determination of the
following indicators:

- acid number — according to GOST 55480-
2013 [12];

- peroxide value is according to GOST 34118-
2017 [13];

- thiobarbituric number — according to GOST
55810-2013 [14].

Temperature and humidity control were
carried out daily. In the control group, the parameters
were recorded manually, and in the experimental
group, using the Dixell XWEB300 digital monitoring
system. The device recorded data every ten minutes,
providing automatic monitoring of temperature and
relative humidity. This made it possible to analyze the
stability of storage conditions and their impact on
product quality.

Results and discussion

Sensory evaluation showed that by the 7th day
of storage, the products from the experimental group
had higher scores for color, taste, and texture
compared to the control group (Table 1). On the 14th
day, a deterioration in texture and the appearance of
an off-odor were observed in the control samples
(Figure 1), while the experimental group retained
acceptable sensory characteristics.

Parameters Control group Experimental group
Color 3.1 4.6
Taste 3.0 4.7
Texture 2.8 48
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Sensory Evaluation on Day 14

Score

Color

Taste
Parameter

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

During the experiment, it was found that in
the control group, which was stored without
digital monitoring, temperature fluctuations of up
to 3.5 °C and a decrease in relative humidity of up
to 80% were observed. While in the experimental
group equipped with the Dixell XWEB300 digital

Control Group (Day 14)
s Experimental Group (Day 14)

Texture

control system, the parameters remained stable:
temperature — within 0...+2 °C, humidity — 85-
90%. This confirms the effectiveness of using
digital systems to maintain optimal storage
conditions (Table 2) [15].

Table 2. Temperature and humidity indicators during the storage period

Parameters Control group Experimental group
Average temperature 3,5°C 1,8°C
Average humidity 80% 87%

By the 14th day of storage, the total number
of mesophilic aerobic and facultative anaerobic
microorganisms in the control group reached
4.8x10° CFU/g, while in the experimental group it
reached 2.5x10° CFU/g, which indicates a
decrease in bacterial contamination of 48%. This

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

confirms the influence of stable storage conditions
and antimicrobial properties of sea buckthorn
extract. The presence of pathogenic
microorganisms (Salmonella spp.) was recorded
only in the control group.

Parameters Control group Experimental group
Bacterial Contamination (CFU/g) | 4,8x10° 2,5%10°

Presence of Salmonella spp. Trace Not found

Listeria monocytogenes Not found Not found

To assess lipid degradation processes, three oxidative indicators were measured on days 1, 7, and 14
of storage: acid value (AV), peroxide value (POV), and thiobarbituric acid reactive substances (TBARS).
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Acid Value (AV) During Storage
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Figure 2. Dynamics of acid value (AV) during storage

The acid value increased progressively in
both groups, but more markedly in the control
group. On day 14, the AV reached 2.5 mg KOH/g
in the control group versus 1.6 mg KOH/g in the

experimental group — a 36% reduction, indicating
slower hydrolytic lipid degradation under digitally
monitored storage with added sea buckthorn
extract.

Peroxide Value (POV) During Storage
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Figure 3. Dynamics of peroxide value (POV) during storage

The peroxide value (POV), a marker of primary lipid oxidation, rose significantly in the control group
(from 3.2 to 6.2 meg/kg). In contrast, the experimental group exhibited a more moderate increase (from 2.4
to 3.8 meg/kg), a 39% lower final value, suggesting enhanced oxidative stability.

44



AJIMATBI TEXHOJIOTUSIBIK YHUBEPCHTETiHIH Xabapubichl. 2026. Nel.,

TBARS During Storage
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Figure 4. Dynamics of TBARS during storage

TBARS values, which reflect secondary
oxidation products, increased in both groups, with
the control reaching 0.45 mg MDA/Kg by day 14.
The experimental group remained at 0.25 mg
MDA/kg — a 44% reduction. This indicates that
the experimental storage conditions effectively
suppressed secondary lipid oxidation.

Across all three oxidative indicators, the
experimental group combining 5% sea
buckthorn extract and real-time digital monitoring
— demonstrated significantly improved lipid
stability. This suggests a synergistic protective
effect of both technological and bioactive
interventions during meat storage.

Conclusions

The conducted research has shown the high
efficiency of integrating digital technologies for
monitoring storage conditions and functional
herbal additives to improve the quality and safety
of traditional meat products. Under conditions
close to real storage, samples of the national
horsemeat meat product enriched with 5% sea
buckthorn extract powder and stored using the
Dixell XWEB300 digital monitoring system
showed better performance compared to the control
group stored under standard conditions.

The use of the Dixell XWEB300 system
ensured a stable temperature and humidity regime
(0...42 °C, humidity 85-90%), allowed for rapid
response to deviations and ensured continuous data
collection. This contributed to a significant reduction
in microbiological risks and a slowdown in fat
oxidation processes. Microbiological research data
showed lower levels of the total microbial count, as
well as the absence of pathogenic microflora in the
experimental group by the 14th day of storage.

The inclusion of 5% sea buckthorn extract in
the formulation had a positive effect on the

14

Days of Storage

45

antioxidant stability of the products. The values of the
acid number, peroxide number, and TBK index in the
experimental samples were significantly lower than
in the control samples. This indicates the inhibition of
lipid oxidation processes due to the high content of
polyphenols, tocopherols and carotenoids in sea
buckthorn. In addition, the organoleptic evaluation
showed that the products of the experimental group
retained a more attractive color, aroma and texture
throughout the shelf life.

The results obtained provide a scientifically
sound basis for the introduction of digital storage
systems into the production practices of meat
processing enterprises, especially in the production
of functional and ethnic meat products. A
promising area of further research is to study the
impact of digitalization on logistics processes in
the cold chain, as well as product shelf-life
modeling using machine learning.
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