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EFFECTIVENESS OF DIGITAL TRACEABILITY IN LONG-TERM
STORAGE OF SEMI-SMOKED SAUSAGES
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Semi-smoked sausages are one of the most popular meat products in the world. However, during long-term
storage, semi-smoked sausages can be subjected to various unfavorable factors that can lead to deterioration of their
quality and safety. This study evaluates the effectiveness of digital traceability in long-term storage of semi-smoked
sausages. The main areas of research include conducting experimental studies to evaluate the effectiveness of digital
traceability. The scientific significance of the study reveals the effectiveness of using digital traceability to ensure the
quality and safety of semi-smoked sausages during long-term storage. The practical significance of the study is that
its results can be used to implement digital traceability in the production of semi-smoked sausages. The study utilized
blockchain technology to track the storage parameters of semi-smoked sausages. As an experimental object, semi-
smoked sausages with the addition of vegetable components were developed. The storage parameters of the sausages
were tracked for 3 months. The results of the study showed that digital traceability provides reliable and transparent
control over the condition of semi-smoked sausages at all storage stages. Digital traceability allows monitoring of the
following sausage storage parameters: temperature, humidity, light, oxygen, carbon dioxide. These parameters are
critical to ensure the quality and safety of semi-smoked sausages. Digital traceability enables real-time monitoring of
these parameters, facilitating timely interventions to prevent the deterioration of product quality. In addition, digital
traceability ensures transparency of the sausage storage process. Any interested person can get access to information
about product storage parameters. This helps to increase consumer confidence in the safety of semi-smoked
sausages. The results of the study can be used to implement digital traceability in the production of semi-smoked
sausages. The introduction of digital traceability will improve the quality and safety of semi-smoked sausages, as
well as increase consumer confidence in this product.

Keywords: digital traceability, semi-smoked sausages, storage, blockchain, quality, safety.
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JKAPTBLJIAM BICTAJIFAH INYKBIKTAPIBI Y3AK YAKBIT
CAKTAY KE3IHJIE HU®PJILIK BAKBLIAY ABIH TUIMILIITT

T K. KVJIAJ)KAHOB, *JI.K. BAUFEOJIOBA, *M.C. CEPUKKBI3bI*,
21 K. BAJIEB, */I.5. BJIAXOBA-BAHT'EJIOBA

(* AnMaThI TeXHOJIOTHAIBIK yHHBepcuTeri, 050012, Anmarsl K., Tee 6u k-ci, 100
2 Taram TexHoJOrusichl yuusepcureri, 4002, ILiosaus K., Mapuua 0yabBapbl, 26)
ABTOP-KOPPECTIOHICHTTIH 3JEKTPOH/IBIK Totrrackr: mira.serikkyzy@mail.ru*

Kapmuinait vicmanzan wiysycvlKmap — anemoezi ey manvlman em oHimOepiniy oipi. /lecenmen, y3ax mep3imoi
cakmay Kezinoe Jcapmuliail bICHANZAH WIYHCOIKIADP CANACbl MeH KAYInci3oiziniy Hawiapnayblna akeiemin apmypii
Konaiicvlz pakmopnapea yuioipayst Mymkin. byn zepmmeyoin, maxcamut scapmuinaii biCman2an wiyHcolkmapost Y3ax
yaKoim cakmay Ke3inoe uug@pavlx 0axplnayovly muimoinicin oazanay 6onvin maoslnadvl. 3epmmeyoiy Hezizei
oazeimmapsl YUPPALIK OAKLLNIAYOBIH, MUIMOLNIZIH Oazanay ywiiH IKCnepUMEHmmIK 3epmmeynep Hcypeizyoi Kammuobl.
3epmmeyoin; eblbIMU ManbI30bL1bI2bl — OY1 Y3aK Mep3imoi cakmay Ke3iHoe Hcapmbuliail bICMAAan WYHCbIKmapoblH
canacel mMen Kayincizoizin Kammamacel emy yuwiin UUGpaviK 0axpliayovl Koa0awyowvly muimOinicin anviKmayea
MYMKIHOIK 0epedi. 3epmmeyoin;, NPaKmMuKanvblK, MAHbI30bLIbI2bL. 3EPMMeEY HIMUNICENEPIH  HCAPMBLIALL  bICHANRAH
WYHeblK, OHOIpicine UUPPLIK OakvLiayOvl eH2i3y yuwiin naioanamnyea 001advl. 3epmmey dHcapmvliail bICHAIZAH
WYHCHIKIMAPObl CaKmay napamempiepin 0axKwvliay yuiin 010K4eiln mexHoa02UAChIH K010anowl. Taxcipubenik nvican
peminode OCIMOIK KOMROHEeHmmepPi KOCLLIZAH JHCAPMbLIAil bICMan2an wyycvlkmap sxacanowt. Lllyscoikmapov cakmay
napamempnepi 3 aii 00iibl 0aKbLIAHOLL. 3epmmey HamudICeNEPi UUPPABLIK KAOAANAY MHCAPMbBLNALL  bICMANZAH
WIYHCHIKIMAPObIH, CAKMAIYbIHbIH, 0apPAbIK Ke3eHOepinoe onapovly KyuiH ceHIMOI dcoHe 0an 0aKvliayovl KAMMAMACHI3
emyzee MYMKIiHOIK 0Oepeminin kopcemmi. CaHObIK 0OaKbLiay WYIHCHIKMAPObl CAKmayowly Kenleci napamempJiepin
OaKpLIayea MyMKIHOIK Oepedi: memnepamypa, vli2aa0bliblK, HCAPLlK, ommezi, KOMIpKbluKoL1 2a3vl. byn napamempnep
AHCAPMBLIAI BICIATIZAH WLYIHCHIKMAPObIY CAnACbl MeH Kayincizoicin kammamacwelz emy yulin ome manwvi3ovl. Canowvlk
Kaoazanay napamempnepoi HAKmMbl YAKblm pelcuminoe 0axpliayea MYMKIHOIK 0epedi, Oyn OHIM CANACLIHBIY
HaWapayvin 0010bIPMAy Yuiin yaKmeolivl Wapanap Kaowvlioayza Mymkinoik oepedi. Convimen Kamap, canobix, 0axKpliay
WYHCHIKIMApObl CaKmay npoueciniy aublkmolevln Kammamacwiz emeoi. Ke3 xenzen myoodeni adam omimoi cakmay
napamempnepi mypanvl aKnapamka Koa dcemkize anadvl. Byn mymoiHywsinapoviy  ycapmoliail  bicmanzan
WYHCHIKIMApObl, Kayincizoizine Oezen ceHiMiH apmmulpyea MYMKIHOIK 0epedi. 3epmmey Hamudicenepi Hcapmuliail
bICmangan wyiHcolK OHOIpicine yudpavlk 0aKvliayovl en2izy ywiin naioananviiysl mymkin. LHugpnvix kadazanayow
EHZI3Y HCAPMBLNAU bICMAIZAH ULYHCLIKMAPObIH CANACl MEH KAYinci3oizin apmmulpyza, cOHOQ-aK, mMYmblHYWbLI1apObLY
ocbl OHIMZe 0ezeH CeHIMIH apmmblpy2a MYMKIHOIK Oepeoi.

Herisri ce3mep: caHablKk 0akbLiay, KapThLIail BICTAJFAH WIYKBIK, caKTay, OJIOKYeiH, cama,
Kayincismik.

3®OEKTUBHOCTD IIUD®POBOM MPOCJIEXUBAEMOCTH ITPU JIJIMTEJIBHOM
XPAHEHHUU TOJTYKOITYEHBIX KOJIBAC

'T K. KVJIAJ)KAHOB, /1. K. BAHFOJIOBA, *M.C. CEPUKKbBI3bI*,
21 K. BAJIEB, */1.5. BJIAXOBA-BAHI'EJIOBA

TAIMaTHHCKHI TexHoIorHYeckuii ynusepeuter, Kazaxcran, 050012, r.Aamarsl, Tose 6u 100
y p
2YHuBepcUTET NUIIEBBIX TeXHOJI0rnii, Boarapus, 4002, r. [liosaus, 6yaneap Mapuua, 26)
DeKTpOoHHas TI0YTa aBTOpa Koppecmonaenta: mira.serikkyzy@mail.ru*

ITonykonuenvie KonOACHl AGAAIOMCA OOHUM U3 CAMBIX HORYIAPHBIX MACHBIX NPOOYKmMoe ¢ mupe. Oonako
npu OnUMENbHOM XPAHEHUU NOJIYKORYEHble KONOACLL MOZYHL ROOGEP2AMBCA PA3IUYHBIM HEOaA2ONPUAMHBIM
gaxmopam, Komopwvie mozym npusecmu K yxyouienuio ux Kawecmea u 6ezonacnocmu. Ilenvro Oannozo
UCCNIe006ANHUA AGNACMCA OUeHKA IPdexmusnocmu yudpoeoi npocnercusaemocmu npu OIUMeENbHOM XPAHEHUU
nonykonuensix konoac. OCHO8Hble HARPABIEHUA UCCNE008AHUA GKNIOUAIOM NPOGedeHUE IKCHEPUMEHMATbHBIX
uccnedosanuii  0na  oueHku IPpgexmuenocmu yugpoeoii npocaexncueaemocmu. Hayunas 3nauumocmo
UCCNIe006ANHUA 3AKIIOUACHICA 8 MOM, YHO OHO NO360JIA€N GbIAGUMb IPPHEKMUBHOCHb UCRONB308ARUA UUPPOCOT
npocnescusaemocmu 01a odecneuenus Kauecmea u 0e30NACHOCMU NOJIYKORYEHBIX KONOAC NpU OUMenNbHOM
xpanenuu. Ilpakmuueckasn 3HAYUMOCb UCCTIE006AHUS 3AKTIOUACMCA 8 MOM, YMO €20 Pe3YIbMamsl MO2ym Gblmb
UCNOIb306aAHbL 0711 GHEOPEHUA UUPPOCOI RPOCAEIHCUBAEMOCHU 8 RPOU3BOOCHEE ROTYKONUEHbIX Koabac. B
ucciedosanuu 0blla UCRONL3IOGAHA MEXHOIO2US ONOKUEUHA 0711 OMCIAEHCUBAHUA NAPAMEMPOE XPAHEHUA
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noyiykonuenvix Konoac. B kauecmee sxcnepumenmansvnozo od6vekma osinu pazpadomansvt nOaYKOnueHvle KOaoacol
¢ 0obaeneHuem paAcmMuUmMenbHoIX Komnonenmos. Ilapamempol Xpanenus Koabac omcaexcueanucy 6 meuenue 3
Mmecayes. Pezynomamul uccnedosanus nokazanu, 4mo uuppoeas npociexncusaemocmsv no3eonsnem obdecneyumsp
00CMOBEPHBLIL U NPO3PAYUHDBLL KOHMPOIb 3A COCHOAHUEM NOTYKORYEHBIX KON0ac HA écex IManax ux XpaHeHus.
Hugposasa npocnexcusaemocmsv no3zeonsem OmMcaeHCUsAmMs Cledylouiue napamempsl XpaHeHus Koadac:
memnepamypy, 61a)3cHOCMb, YGent, KUC0POO, Y2IeKUCAbLIl 2a3. Dmu napamempuvl A6AAI0MCA KPUMUYECKUMU O
obecneuenua Kauecmea u 0Oe3onacnocmu nojiykonuenvix Konoac. Ilugpposas npocnesxcusaemocms nozeonsem
omcnexcusanms IMU RAPAMEMPBL 8 PeXCUME PedlbHO20 8PEMEHU, YO0 NO03801Aen C60e8PEMEHHO NPUHUMANb MePbL
no npedomsepauieHuro yxyouieHus Kavecmea npooykma. Kpome mozo, yughposaa npocnesxcusaemocmo nozeonsem
obecneyums npo3paynocms npoyecca Xpanenusa konobac. JIo6oi 3aunmepecosannslil ueno08eK Moxcen noayuums
docmyn K ungopmayuu o napamempax XpaHeHus npooyKma. Imo no3zeosiaem nosvicums 0osepue nompeoumeneii
K Oe3onacnHocmu noiykonuenvix Konbac. Pezynomamul ucciedosanus mozym 0blmp UCnONb306aHbl 0111 6HEOPEHUA
uugpoeoii  npocnexcueaemocmu 6 - NPOU3GOOCHIEO0  NONAYKONYEHBIX  Koabac. Buedpenue  yugposoi
npOCNENHCUBACMOCIMU NO360IUNI NOBLICUML KAYeCmeo U 0€30RACHOCHb NOJYKONYEHbIX KOoN0ac, a makxce
noevicums 0oeepue nompedumeneii K Imomy npooyKkmy.

KaoueBbie ciaoBa: uudpoBas NPOCIAEKHBAEMOCTb, MOJYKOMYEHbIE KOJ0AChl, XpaHEHMHE,
0JI0K4YeliH, Ka4eCTBO, 0€30MaACHOCTb.

Introduction and storage of semi-smoked sausages. This may
In the era of digitalization of the economy, include information such as the origin of raw
particular attention is devoted to issues of food materials, production date and time, as well as
guality and safety. One of the key tools in this storage conditions throughout the storage period
area is digital traceability, which enables the [4]. By providing such a level of transparency and
tracking of product movement throughout the accountability, digital tracking can help ensure
entire supply chain. The effectiveness of digital compliance with all necessary rules and standards,
traceability in the prolonged storage of semi- as well as maintain product safety and quality.
smoked sausages is becoming a subject of This is especially important in the food industry,
investigation, as it can play a significant role in where food safety issues can have serious
combating counterfeit products and ensuring consequences for public health and the reputation
transparency  for consumers and  market of food producers.
participants [1]. Advantages  of  Using Blockchain
The utilization of digital tracking systems Technology for Digital Traceability of Semi-
can monitor storage conditions in real-time, such Smoked Sausages.
as temperature, humidity, and air quality [2]. This One of the key advantages of using
information can be utilized to identify potential blockchain technology for the digital traceability
issues at an early stage, allowing prompt of semi-smoked sausages is its immutable ledger
corrective measures to prevent spoilage and capability [5]. Once data is recorded in the
contamination. blockchain, it cannot be altered or deleted,
In addition to storage condition monitoring, ensuring the accuracy and protection of
digital traceability can also help prevent information from unauthorized access. This is
contamination and spoilage by ensuring that all particularly important for the prolonged storage of
necessary precautions are taken during the semi-smoked sausages, as it allows for a complete
production process. This includes proper handling and transparent account of the product's journey
and storage of raw materials, as well as adherence from raw materials to packaging. Immutable
to food safety regulations and best practices. By ledger keeping can also help prevent fraud and
tracing the entire supply chain from raw material improve overall product quality and safety.
reception to packaging, digital traceability can Another advantage of using blockchain
guarantee that all necessary measures are taken to technology for digital traceability is the increased
prevent contamination and spoilage. This is transparency and trust it provides to all parties
particularly crucial in the case of semi-smoked involved in the supply chain [6]. By recording and
sausages, which may be susceptible to spoilage if exchanging information on the blockchain,
improperly stored and handled [3]. suppliers,  manufacturers, distributors, and
Lastly, digital traceability can aid in consumers can have access to the same data,
ensuring compliance with food safety regulations creating a more open environment for
by providing a comprehensive record of all collaboration. This can help strengthen trust
actions and processes related to the production between parties and enhance the overall efficiency
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of the supply chain. Increased transparency can
also help quickly identify and address issues such
as outbreaks of foodborne illnesses or product
recalls [7].

Lastly, blockchain technology can also
enhance supply chain management efficiency by
optimizing processes and reducing costs [8]. By
automating record-keeping and reducing the need
for intermediaries, blockchain technology can
help eliminate inefficiencies and reduce the risk of
errors. This can lead to cost savings for all parties
involved in the supply chain, as well as improve
product quality and safety. Additionally,
blockchain technology can help reduce the time
and resources required for audits and inspections,
further enhancing overall efficiency and
productivity [9].

Digital traceability plays a crucial role in
ensuring the quality and safety of semi-smoked
sausages during prolonged storage. By controlling
storage conditions, preventing contamination and
spoilage, and ensuring compliance with food safety
regulations, digital traceability helps maintain
product integrity [10]. The use of blockchain
technology further enhances the efficiency of digital
traceability by providing immutable records,
increasing transparency and trust, and improving
supply chain management efficiency. As the
demand for food safety and quality assurance
continues to grow, the adoption of digital tracking
technology and blockchain will become increasingly
important in the food industry.

Materials and research methods

Experimental Design: the study employed
an experimental design to evaluate the
effectiveness of digital traceability in the long-
term storage of semi-smoked sausages [11].

Selection of Semi-Smoked Sausages: semi-
smoked sausages with the addition of vegetable
components were selected as the experimental
object.

Blockchain Technology Implementation:
blockchain technology was utilized to track the
storage parameters of the selected semi-smoked
sausages [12].

Storage Parameters Tracking: the storage
parameters monitored included temperature,
humidity, light exposure, oxygen levels, and
carbon dioxide levels. These parameters were
crucial for ensuring the quality and safety of the
sausages [13].

Duration of Study: the storage parameters
of the semi-smoked sausages were monitored and
tracked over a period of 3 months to simulate
long-term storage conditions.

Data Collection: data on the monitored
storage parameters were collected continuously
throughout the study period using the
implemented digital traceability system.

Analysis of Results: the collected data were
analyzed to evaluate the effectiveness of digital
traceability in maintaining the quality and safety of
semi-smoked sausages during long-term storage.

Results and discussion

The results of the study demonstrated that
digital traceability provided reliable and
transparent control over the condition of semi-
smoked sausages during long-term storage [14].

Table 1 contains data on the average
humidity in the storage for each of the three
weeks. The average humidity value was 65%,
which is also in the optimal range to ensure the
safety of the product.

Table 1.
Week | Average humidity (%)
1 65
2 64
3 66

Table 2 shows the change in lighting,
oxygen levels, and carbon dioxide levels over the
course of three months. This ensures transparency

of the storage process and helps to respond
promptly to any changes.

Table 2.
Week | Lighting (lux) | Oxygen level (%) | Carbon dioxide level (%)
1 500 20 3
2 550 19 2.5
3 600 18 2

The lighting in the vault continued to be
maintained at a stable level, but an increase in

lighting intensity was noticed within three weeks.
The average illumination increased from 500 lux in
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the first week to 600 lux by the third week. This may
be due to a change in the season or the mood of the
lighting to maintain optimal storage conditions.

The oxygen level in the storage also
remained stable, but there was a gradual decrease
from 20% in the first week to 18% by the third
week. A slight decrease in oxygen levels may be
acceptable within normal fluctuations, but it is
important to ensure that it remains in the optimal
range to preserve the quality of products.

Carbon dioxide levels remained stable for
three weeks, although there was a slight decrease
from 3% in the first week to 2% by the third
week. This may be due to natural processes of
degradation of products, but in general, the level
of carbon dioxide remained within the optimal
range to maintain product quality.

Real-time traceability made it possible to
quickly respond to changes in storage conditions,
such as an increase in temperature or an
unexpected jump in humidity levels. This made it
possible to take measures to prevent deterioration
of the product quality and ensure its safety for
consumers [15].

The results of the study confirm that digital
traceability is an effective tool for ensuring the
guality and safety of semi-edible sausages in long-
term storage conditions. Practical conclusions can
be used to implement digital traceability systems
in the production of semi-smoked sausages, which
will improve the quality and safety of the product.

Conclusion

The study concluded that digital
traceability, facilitated by blockchain technology,
is an effective tool for ensuring the quality and
safety of semi-smoked sausages during prolonged
storage. By monitoring critical storage parameters
in real time and providing transparency in the
storage process, digital traceability helps maintain
product integrity and consumer confidence. The
findings of the study have practical implications
for the food industry, particularly in implementing
digital traceability systems to enhance food safety
and quality assurance measures.

Funding information: The materials were
prepared within the framework of the "Zhas
Galym" project within the scientific and technical
program AP15473123 "Digitalization of the
traceability system of meat products to improve
the quality of semi-smoked sausages during long-
term storage” of the budget program 217
"Development of Science" subprogram 102
"Grant financing of scientific research” of the
Ministry of Science and Higher Education of the
Republic of Kazakhstan for 2022-2024.
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KYPAMA CYTTEH KACAJIFAH ACKABAKTHI-CYT HOT'YPTBIHBIH,
TAFAMJBIK KYH/bUIBIFbIH 3EPTTEY HOTU/XEJIEPI
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3epmmey Hcymbicbl Oue JHcoHe cuvlp Cyminiy apmypii Kamwvlnacmazel Kochacwvin (2/5, 3/5, 1/1) naiidanana
omuIpbIN ACKAGAK, KOCbIN OHOIpiNzen cymmi-acKkaoax, nozypmuiHblH, XUMUAIBIK, MAZAMObIK HCIHE OP2AHOIeNMUKATbIK
Kacuemmepin 3epmmen, CMAHOADMMAIZAH CcAna napamempiepin oOeximyze 0Oazplmmanzan. ANbIH2AH OHIMHIK
XUMUATBIK, Kacuemmepi, OHblH, [WinOe aKybl3 MOueEpi, MAillbliblebl, WIUKI HCACYHBIK, KOaMcemimoi Kemipcynap
Kepcemkiwi ycaKcapowl. ﬁozypmm acKabaKmoly KOCRACHl KAAOPUSAIBIZLIHOA AlMAapiblKmail 032epic KOPcemKen Heok.
Kypama cymxe ackabax, scymcazoin Kocy canoapvinan pH xepcemxiuii moemenoeoi, 0aivii 102ymmult, KblUKbLI10bIZbIH
apmmuipovt (P<0,05). p-xapomun men cyoa epumin O0apymenoOepOir; monuiepi Oaxvliay yazicimen canpicmulpanoa
Kypama cymmi-acKaoax, nozypmutHoa eoayip sncozapvl 6010vl. Ocvlnaiiuia oue yHeane cuvlp cCyminiyy KOCnAcylia acKkaoax
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