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This research work addresses the issue of enhancing the effectiveness of the meat product traceability system
using modern digital technologies. In the context of increasing demand for food safety and minimizing risks to
consumer health, ensuring accurate and reliable traceability of the origin, production conditions, and storage of meat
products has become a crucial aspect. The aim of the study is to create an integration between the meat product
traceability system and contemporary digital technologies. During the work, an analysis of existing problems and
shortcomings in the current traceability system is planned, as well as an exploration of experiences from other
industries where digital technologies have been successfully implemented to ensure transparency and data
authenticity. In analyzing technological risks, all possible types of threats were considered. The sources of danger
include incoming raw materials, the technological line of semi-smoked sausages, and their storage. The use of digital
technologies allows for continuous data monitoring using Wi-Fi, combined thermometers, and quality logs. It is
anticipated that the implementation of such a system will significantly reduce risks, improve product tracking, and
enhance consumer trust in the quality and safety of meat products. The outcomes of this research will be valuable for
food industry enterprises, regulatory bodies, and the scientific community that are striving to improve the control and
traceability system of food products, utilizing cutting-edge digital innovations.

Keywords: digital technologies, meat products, quality, HACCP (Hazard Analysis and Critical
Control Points), traceability.
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byn 3epmmey scymoicel 3amanayu yuppuvlK mexHonozuanaposl K0ai0ana omolpoin, em oHiMOepin Gaxbliay
Jcyiteciniy muimoinizin apmmeolpy Macenecine apHanzaH. A3vlK-myniKk Kayincizoizin Kammamacwvls emy xHcoHe
MYmMbIHYUbLIAPObIH 0eHCAYIbIZbIHA KAYIN-Kamepoi azaiimy Kaxcemminiziniy apmyst H#ca20aiblnoa em oHiMOepiHiy
wiblzy meziH, OHOIpic HCAZOAUNAPBIH HCIHE CAKMATYbIH 0271 HCIHe CeHIMOI GaKbLiayobl KamMmamacwl3 emy Hezizzi
acnekm 0onvin mMaowvladsvl. 3epmmeyoit; MaKcamol-em OHIMOEPi MeH 3aMaHayu UUPDIbIK HEeXHON02UANAPOb
oaxvLnay ocyileciniy, unmezpayuacvln Kypy. Kymoic oapwvichiHOa azeimMoazel Kaoazanay ducyiecinoezi oap
npoonemanap mMeH KeMwinikmepoi manoay, cOHOA-aK, 0epeKmepoiy, aulblKmulzbl MeH OYPbICHIbIZbIH KAMMAMACHL3
emy yuiiH yupavlK mexHonozuanap commi eHzizinieen 6acKa cananapovly maxcipubecin 3epoeney Hcocnapianyod.
Texnonozuanvlk mayekenoepoi manoay Kesinoe Kayinmepoiy 6apnvlk MymKin mypiaepi Kapacmoipovinovl. Kayinminix
K63i peminde Kipic wiuKi3amol HcaHe HCapmuliall bICHAIZAH WYHCOIKINAPObIY, MEXHOI0ZUATBIK HCENICT HCIHE OHbl
cakmay keamipineen. Lugpnvix mexnonozusanapovt naindanany Wi-Fi, apanac mepmomempnep sncone cana
HCYPDHAIBL APKbUIBL OepeKmepoi y30iKci3 Oakxvuiayza MYMKIHOIK Oepedi. Mynoaii xcylieHi eHzizy mayekenoepoi
aiimapnvlKmaii a3aimyza, OHIMOI 6aKbLIAYObl HCAKCAPMY2A HCIHE MYMBIHYUbLIAPObIH enl OHIMOepiHiH canacbl MeH
Kayincizoizine 0ezen ceHIMIH apmmulpy2a MyMKIHOIK 6epedi den Kyminyde. bByn zepmmeyoin Hamusicenepi anoviHzol
Kamapavl 4u@pavlK UHHOGAUUANAPObl NATIOANAHA OMBIPbIN, A3LIK-MYIK OHIMOepiH Oaxvliay dHcoHe Kadazanay
Jcyilecin Hceminodipyze YMmoliamovlH mMAmMaxK OHEPKICifi KICInOpuIHOApbl, pemmeyuti OpeaHoap HcoHe 2bLIbIMU
K02amoacmulK, yuiiH naioansvt 601a0bsl.

Heri3ri ce3aep: caHABIK TeXHOJIOTUsIIAP, eT oHiMaepi, canma, HACCP (Toyekenaepai Tanmay soHe
CBIHM 0aKbLIay HYKTeJepi), 0akbLiay.
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M*.C. CEPUKKBI3bI*, *]]. K. BAJIEB, */1.b. BIAXOBA-BAHI'EJIOBA

(‘AnmaTunckuii TexHoJd0rHYecKuii yuusepentet, Kazaxcran, 050012, r.Anmarsi, Toje 61 100
ZYHHBepCI/ITeT NHUIEeBBIX TexXHOoJa0ruil, boarapus, 4002, r. IlioBaus, oOyasBap Mapuua, 26)
DIeKTpOHHAs OYTa aBTOpa KoppecnonaeHTa: mira.serikkyzy@mail.ru*

Mannaa uccnedosamenvckas paboma noceauieHa npoodieme NOGbIUEHUA IPPeKkmueHocmu cucmemol
RPOCIEHCUBACMOCINU MACHBIX HPOOYKMO8 C RPUMEHECHUEM COBPDEMEHHBIX Uudposvix mexuonozuil. B ycrosusx
yeenuuuealowiencs NOMpPeoHOCmu 6 00ecCneYeHuU Ge30nACHOCIU NUWEELIX RPOOYKIO06 U MUHUMU3AUUU PUCKOG 015
300p06bst nompedumerneii, odecnevyenue MOYHOU U HAOEHCHOU RPOCIEHCUBACMOCHU NPOUCXOIHCOCHUS, YCAOBUIL
HPOU3600CMEA U XPAHEHUU MACHBLIX RPOOYKMOE CHAHOSUMCA Kitouesbim acnekmom. ILlenvro uccnedosanusn
ABNAEMCA CO30AHUEe UHMEZPAUUU CUCTEMbL NPOCIEHCUBAEMOCHIU MACHBIX HPOOYKMOE U COBPEMEHHBIX UYUPPOosbIX
mexnonozuil. B xode pabomut nranupyemcs ananus cywecmeyiomiux npooaem u HeOoOCmamKos 6 meKyuieil cucmeme
RPOCNIEHCUBACMOCIU, 4 MAKICE U3YUeHUe Onbima Opyzux ompacieil, 20e Yugpoessvle MEXHON02UU YCREUIHO 6HEOPEHbL
ons obecneuenus npospaunocmu u oocmoseprocmu oannvix. Ilpu ananuze mexwnonozuueckux puckos oOwviiu
paccmompensl 6ce 603MOIHCHbBIE 8UObL Y2po3. B kauecmee ucmounukoe onacnocmu npusedenvl 6xoosauiee covlpbe
MEXHOI0ZUYeCKaAsl TUHUSL NOJYKONYEHHBLIX Konoac u ezo xpanenue. Hcnonvzoeanue uugposvix mexmnonozuii
n03680./151€M 6€CMU HENPEPLIGHBLIL MOHUMOPUHZ OaHHbIX ¢ npumenenuem Wi-Fi, KomoOunuposannvix mepmomempos
u scypuan Kavecmea. Oxicuoaemcs, 4mo 6HeOpeHuUe MAKO CUCHEMbL NO360JIUN CYUECMBEHHO CHU3UMb PUCKU,
VAyHuWUms Omciedncuganue RPOOYKUUU U NOGBICUMb 006epue CO CHOPOHbL nompedumeneii K Kauyecmey u
be3onacnocmu MACHBIX npooykmos. Pesynemamul 0annozo uccnedoeanus 0yoym none3nvl OnA npeonpuamuil
RUULEBOII  NPOMBIMIIEHHOCIU,  DPEYIAMOPHbIX OP2AHO8 U  HAYUHOZ0  COODWeCmed, CHMpPEMAWUXCA K
COBEPUIEHCMBOBAHUIO  CUCHIEMbl  KOHMPOAA U HPOCIEHCUBACMOCHU  HNPOOOBOTIbCHEEHHOI  RPOOYKUUU  C
UCHONBb308AHUEM NEPEOOBLIX YUPPOBHIX UHHOBAUUIL.

KnroueBble cioBa: uudpoBble TEXHOJOTHH, MsCHBIe NPOAYKTHI, KkadecTBo, XACCII,
NMPOCIEKUBAEMOCTb.

Introduction Kazakhstan, this system is represented by the

Starting from July 1, 2013, the Technical following standards: ST RK 1179-2003 «Quality
Regulation of the Customs Union TR CU 021/2011 Systems. Quality Management of Food Products
«On Food Safety» came into effect. Compliance Based on HACCP Principles» and ST RK ISO
with the requirements of the Technical Regulation 22000-2019 «Food Safety Management Systems.
of the Customs Union 021/2011 «On Food Safety» Requirements for Organizations in the Food
is mandatory for any food enterprise operating Chain». ST RK  1179-2003 establishes
within the territory of a member country of the requirements for Food Safety Management
customs union, including the territory of the Systems (FSMS) based on the seven principles of
Republic of Kazakhstan. One of the mandatory HACCP. In fact, it is a management system
provisions of TR CU 021/2011 'On Food Safety' is focused solely on Critical Control Points (CCP).
the  requirement for the  development, ST RK 1SO 22000-2019 is an extended standard
implementation, and maintenance of procedures that, in addition to the core HACCP principles,
based on HACCP (Hazard Analysis and Critical includes requirements concerning information
Control Points) principles. The most effective way exchange and preliminary condition programs.
to demonstrate compliance with this requirement of This means control is exercised over the entire
TR CU 021/2011 'On Food Safety' is to possess a production chain. Furthermore, an integrated
HACCP system certificate [1]. HACCP serves as a FSMS model can be considered based on the
fundamental tool in ensuring quality and safety in international standard FSSC 22000 (Food Safety
global practice, consisting of seven principles System Certification Standard). This standard
outlined in Codex Alimentarius documentation, encompasses requirements from 1SO/TS 22000-
EU Directive No. 852/2004, 1SO 22000-2007 2007, ISO/TS 22003-2007, ISO/TS 22002-1-2009,
standards, BRC Global Standard Food, IFS Food, and certain additional requirements.
SN NS-1SO 31000:2009, and other sources. "In the As of today, another key factor in production
legislative framework of the Republic of is the enhancement of food product quality and the
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provision of data in digital format. This involves
creating an informational environment that
considers society's need for obtaining accurate
information about product quality.

The experience of foreign countries includes
a range of studies involving digital technologies.
For instance, a sensor-based network architecture
utilizing Internet of Things (loT) components,
autonomous embedded modules, and radio-
frequency identification tags (RFID) has been
employed. The 10T idea gained prominence in the
year 2000, with the development of the Auto-ID at
MIT and the subsequent market research reports. In
loT, these systems communicate, perceive, and
connect with internal & external state embedded
technologies [2]. RFID is one of such pervasive
technology which is now increasingly utilized in
food logistics, supply chain management, cold
chain monitoring These technologies automatically
collect data covering the entire lifecycle of a food
product and all factors affecting its chemical
composition [3]. In China, a pilot project based on
the Internet (Radio) network was introduced, with
integrated advanced technologies of service-
oriented architecture, global identification,
syntactic analysis, and electronic pedigrees for
agricultural products [5].

A recent technological advancement involves
the revolutionary breakthrough in decentralized
information technology known as Blockchain [6].
This technology offers a traceability system for food
supply chains, enabling the real-time tracking of food
products using HACCP principles, blockchain, and
the Internet network. It establishes an information-
sharing platform for all participants in the supply
chain, fostering principles of openness, transparency,
neutrality, reliability, and security. Furthermore,
there's a growing adoption of sensor technologies to
ensure the safety and quality of food products. This
includes the use of temperature sensors for
monitoring the cold chain and sensors for other
critical parameters like humidity and light [5].

Moreover, most of the sensors used record
data, which is subsequently employed to identify
the causes of quality issues. However, the
utilization of wireless sensors, especially
Bluetooth, Zigbee, Wi-Fi, and GPRS, is still in its
infancy. Furthermore, a majority of chemical
sensors ce3iH KocbIHBI3 and biosensors, as well as
chips, are also in the experimental stage of
development [7].

The definition of traceability is provided in
Technical Regulation 021/2011 "On Food Safety
The aforementioned technologies provide an
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excellent opportunity for participants in the product
lifecycle to conduct monitoring, control, planning,
and optimization of business processes remotely
and in real-time through the Internet, based on
virtual objects.

The aim of the research is to enhance the
traceability system in the production of semi-
smoked sausages using digital technologies.

Materials and research methods

Research Object:

The research is conducted on the
technological process of producing semi-smoked
sausages with vegetable additives.

Research Method:

The risk analysis employs a method of risk
analysis considering probability and severity. To
determine control points and corrective methods,
the «Decision Tree» method is utilized.

Methodology:

Risk Identification: Initially, potential
hazards and risks are identified at wvarious
production stages, including biological, chemical,
and physical aspects.

Risk Analysis: For each identified risk, an
assessment is made of the probability of its
occurrence and the severity of consequences.
Special attention is given to control points where
risks can be minimized.

Documentation Development: Specifica-
tions, instructions, work sheets, and data recording
forms are created. These documents help establish
standards and transparent procedures.

Implementation of Monitoring Methods:
Modern information technologies, sensors, and
sensory devices are introduced for continuous
monitoring of production parameters.

Data Recording and Analysis: The state of
the products and production is regularly
documented. The collected data is analyzed to
detect anomalies and issues.

Self-assessment and Correction: Regular
self-assessment of system effectiveness s
conducted. If weaknesses are identified, adjust-
ments are made to the methods.

Results and their discussion

In the process of identifying and assessing
technological risks associated with the production
of semi-smoked sausages, a comprehensive catalog
of potential hazards spanning microbiological,
chemical, and physical aspects was created.
Through the utilization of risk analysis and the
implementation of determination algorithms, we
pinpointed Critical Control Points that have a
significant impact on both the quality and safety of
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the sausages (Table 1). To reduce their number,
CCP were combined according to the following
rules: «control is performed by a single responsible
person at one workstation; control of a single
parameter is conducted using one methodology
(different operators are possible)». As a result,
CCP-1 «Incoming Inspection» and CCP 2-5
"Production and Storage of Semi-Smoked
Sausages" are established (Table 2).

Temperature is a crucial factor in the growth
and proliferation of microorganisms, exerting a
direct influence on the quality of products and
consumer health. Therefore, to ensure safety,
temperature monitoring and the continuous cold
chain are imperative For this purpose, temperature
control is carried out during the reception,
production, and storage of products. When
monitoring the temperature of food products during
reception, production, and storage, it is especially

Table 2. Consolidated CCP summary table

important for the measuring instruments used to
provide consistently stable results. Even the
slightest deviation from specified parameters poses
a threat to the safety of food products.

The application of digital technologies
enables real-time acquisition and control of
temperature and humidity values, which are
automatically = measured and  continuously
documented.

Employing WiFi loggers, which can
strategically  positioned within  refrigeration
chambers and equipment, represents a vital aspect
of information technology utilization. Temperature
and humidity readings are transmitted for storage
in the Cloud. In the event of deviations from the set
limits (critical threshold), emergency notifications
are automatically sent SMS or email to mobile
modules for operators

Ne Name of the Initial CCP | United CCP Factor to consider
technological operation number number
1 | Reception Department 4 CCP1 number of MAFFanM,
sulfite-reducing clostridia
2 Preparation of raw 5 CCP2 number of MAFFanM,
materials sulfite-reducing clostridia
3 Ripening 6 CCP3 number of MAFFanM,
sulfite-reducing clostridia
4 Smoking 7 CCP4 number of MAFFanM,
sulfite-reducing clostridia
5 Save 8 CCP5 number of MAFFanM,
sulfite-reducing clostridia

A WiFi logger data system allows
measurement results to be accessed from anywhere
and through any device (PC, smartphone, or tablet).
For temperature measurement, a combined infrared

and penetration thermometer is recommended.
This type of thermometer enables non-contact
scanning of individual products or entire packages,
which is very convenient during product reception.

All measured values are presented in the
form of a table or graph and can be imported into a
report, and subsequently shared via email in PDF
or Excel file formats. The application of digital
quality  technologies  enables  continuous
monitoring of Critical Control Points (CCPs) and
reduces the risk of hazards.

Conclusion

The present research is dedicated to
enhancing the traceability system of meat products
using modern digital technologies. The primary

objectives of the research were to develop
integration between the traceability system of meat
products and contemporary digital technologies, as
well as to analyze issues within the current system
and draw from successful digital innovation
integration experiences in other industries.

Through a comprehensive examination of
technological risks within the semi-smoked
sausage production process, potential hazards
spanning biological, chemical, and physical
domains were identified at different production
stages. Utilizing risk analysis methodologies,
Critical Control Points (CCPs) were pinpointed,
exerting significant influence on product quality
and safety. By streamlining their quantity, CCPs
were  established, encompassing incoming
inspection and semi-smoked sausage production
stages.
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Table 1. Exploration of Technological Risk Factors Associated with Semi-Smoked Sausage Production

Operation Managed Factors to take Precautionary measures
manifestations into account
when
assessing risks
1 2 3 4
Intake Sensory Chemical, Supplier evaluation;
characteristics; physical, Documentation verification;
microbiologic Raw material temperature inspection;
al Vehicle condition assessment upon receipt;
Incoming inspection of each raw material batch.
Preserve Supporting paperwork Microbiologic Temperature monitoring;
al Shelf life assessment;
Sanitary condition inspection of the warehouse.
Preparation Organoleptic Physical, Compliance with sanitary and hygienic
of raw indications microbiologic requirements for personnel; compliance with
materials al sanitary and hygienic requirements.
Cookingthe Technical and Main raw Compliance with the requirements for washing
minced sanitarycondition of materials: and sanitary and hygienic treatment of equipment
meat equipment and dishes; compliance with the parameters of
conducting a technological operation.
Cutteriza Equipment condition; Microbiologic Compliance with the requirements for washing
tion al, physical and sanitary and hygienic treatment of equipment;
compliance with the parameters of technical
operations; control the duration of cupping;
raw material cooling temperature control;
control the amount of water added.
Ripening quality of finished Main raw Compliance with the requirements for washing
mincedmeat materials: equipment, dishes and sanitary and hygienic
treatment; Compliance with the parameters of the
technological operation; compliance with personal
hygiene requirements at the enterprise; pressure
control in the syringe for filling.
Continuation of the table
1 2 3 4
Cooking Heat treatment; Microbiologic Compliance with the requirements for washing
sanitary condition of al equipment, dishes and sanitary and hygienic
equipment; treatment; compliance with the parameters of the
shell integrity; technological operation; compliance with personal
cooking temperature; hygiene requirements at the enterprise;
cooking duration; pressure control in the syringe for filling;
Refrigera Monitoring storage Microbiologic Adherence to equipment and dish washing and
tion conditions and durations; al hygiene standards;
Assessing product quality Temperature monitoring within the thickness of
throughout storage; the Baton;
Cooling duration control; Supervision of cooling duration;
Temperature control during Monitoring of cooling temperatures.
cooling and storage;
Equipment sanitation
inspection;
Temperature assessment
within the bread's interior.
Conveya Thermal conditions; Microbiologic Inspection of finished product quality per
nce al, chemical regulatory documents; Assessment of vehicle
condition during product shipment; Verification
of accurate completion of required
documentation.
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Temperature plays a crucial role in the growth
and proliferation of microorganisms, influencing
product quality and consumer health. Therefore,
temperature control and the cold chain are essential
aspects of ensuring product safety imperative. The
application of digital technologies enables continuous
real-time monitoring and control of temperature and
humidity. WiFi loggers automatically measure and
record temperature and humidity readings, with
emergency notifications sent to operators in case of
exceeding established limits.

The use of WiFi sensors allows data
accessibility from any location and device,
ensuring continuous control over CCPs and
reducing the risks of hazardous situations.

In this manner, the implementation of digital
technologies not only enhances monitoring and
control efficiency but also elevates the level of
safety and quality in meat products. This approach
instills consumer confidence and trust in the
product's integrity.

Funding information: The materials were
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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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