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Governments have focused on the design of tracking systems due to concerns about the 
security of imported foods and prevention of zoonotic diseases. The required infrastruc‑
ture, data collection methods, and health benefits and components achieved through the 
implementation of traceability at the international level were reviewed and reported 
in the present study. The review demonstrated that the implementation of each elec‑
tronic tracking system allows the identification of consumed meat from farm‑to‑fork. 
However, the Radio Frequency Identification (RFID) systems, DNA markers, and 
Wireless Sensor Networks (WSNs) were indicated as the most appropriate and accurate 
methods for tracking the origins of consumed meat. According to our findings, regula‑
tory bodies and policymakers need to pay robust attention to this issue to prevent the 
penetration of counterfeit meat products and to maintain general public health.

1. Introduction

Food traceability is a preventive approach for 
creating and maintaining an information path that 
tracks a product’s movement throughout the produc‑
tion process to ensure the origin of the food product 
(Bougdira et al., 2019; Ghag and Shedage, 2025). 
Following outbreaks of zoonotic diseases and human 
health concerns, tracking systems were introduced for 
the meat supply chain (SC) (Levings, 2012; El‑Sayed 
et al., 2016; Zhao et al., 2020). Animal identifica‑
tion is the basis of tracking systems in the meat SC, 
in which records of an animal are documented from 
its birth to slaughter, as is the supply of its meat to the 
consumer (Zhao et al., 2020; Singh et al., 2025).

One of the fundamental steps in tracking is food 
labeling. Although this does not provide traceability 

per se, it is an important part of the tracking policy 
that allows for physical tracking of the product and 
can be used as an effective tool for product differenti‑
ation and quality affirmation (Alfian et al., 2017; Fan 
et al., 2024). In this regard, the European Food Safety 
Act (178/2002) and the European Beef Hygiene Act 
(1760/2000) specify that meat labels should contain 
the following mandatory information: 1) reference 
number for matching the slaughtered animal and its 
meat; 2) countries of the animal’s birth, raising, and 
slaughter; 3) country/countries in which meat was 
fragmented, and; 4) slaughterhouse(s)’ identity num‑
bers. Optional information includes animal breed, the 
type of diet consumed, name of the owner(s), vacci‑
nation, transport ID, halal/non‑halal slaughter, and 
other components that are written on the meatpacking 
box when leaving the slaughterhouse, based on each 
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country’s regulations (Cheraghi Saray and Rafat, 
2016). However, tags can be easily counterfeited if 
they are paper‑based and use one‑dimensional (1D) 
barcodes without reference to a central database (Li et 
al., 2024). Therefore, researchers are focusing on oth‑
er tracking systems that produce a very low possibil‑
ity of counterfeit and fraud (Deng and Feng, 2021).

Two‑dimensional (2D) barcodes (in particular 
quick response (QR) codes) have many advantages 
over 1D and linear barcodes and are a successful and 
relatively easy tracing method for consumers to use 
(Li et al., 2024). These barcode scans relay the prod‑
uct information recorded in a central database, such 
as texts, photos, and videos, to customers who scan 
the codes with a camera lens, typically in a smart‑
phone (Chen et al., 2020; Li et al., 2024).

Another new tracking method is radio frequen‑
cy identification (RFID), which can track and moni‑
tor objects in different SCs. To this end, a carcass or 
a container carrying the carcass can be labeled and 
attached to an RFID at the time of slaughter when 
the head, skin, and intestines are separated from the 
body, but there are no physical body parts for the 
identification of an animal source (Yan et al., 2018; 
Ismail and Huda., 2024). However, the identification 
(ID) of a slaughtered animal and the exclusive num‑
ber of the slaughterhouse must also be linked togeth‑
er to allow for tracing. Under these conditions, RFID 
can connect the sensors and act as a detection black 
box for tracking, logistics, and anti‑counterfeiting 
purposes (Yiying et al., 2019; Qiao et al., 2023).

Smith et al. (2008) also developed a retinal scan‑
ning method to identify animals at birth, weaning, 
fattening, and entry into the slaughterhouse. Despite 
the exclusivity of retinal scanning, the identity of 
meat cuts in the slaughterhouse is questionable with 
this method. To complete this approach, DNA track‑
ing is another option for identifying composite meat 
components, such as minced meat and carcass parts 
of unknown origin (Hrbek et al., 2020; Nastasijevic 
et al., 2025). Since the meat has a unique identifier 
that cannot be manipulated, and due to the inherita‑
bility of DNA, this method, along with microsatellite 
markers, can explicitly prove the origin of meat and 
meat products by tracking individual cuts of meat 
(Zhao et al., 2017; Nastasijevic et al., 2025).

The use of wireless sensor networks (WSNs) is 
another method used to monitor the temperature and 
humidity of packaged, perishable meat products with‑
in the SC (Aung and Chang, 2014; Gil et al., 2025). 
By integrating RFID and WSNs, the system can track 
products from origin to slaughter and also provide 

information on environmental conditions, such as 
the temperature and humidity of packaged meat from 
the slaughterhouse to the time of reaching the con‑
sumer (Yan et al., 2018; Davoudi et al., 2024). Giv‑
en the described techniques and studies, it can be 
argued that the necessary infrastructure and poten‑
tial for the implementation of tracking systems now 
exist in the food industry of most countries. This is 
because advances in the field of information technol‑
ogy provide the required mechanisms to achieve fast 
and comprehensive monitoring methods in any coun‑
try. However, the implementation of tracking systems 
requires improvement and integration between rel‑
evant institutions and the development of standards 
for the collection and publication of tracking data 
(Cheraghi Saray and Rafat, 2016; Qian et al., 2020b; 
Ellahi et al., 2025). Therefore, this review explains 
the importance of traceability of meat products and 
describes successful systems adopted at the interna‑
tional level, with the hope that the relevant institu‑
tions and organizations in every country approve and 
adopt the necessary rules and standards to implement 
national meat/meat product tracking policies that will 
advance the health and rights of consumers.

Impacts

	▪ Pandemics of infectious and zoonotic diseases 
over the last few years have increased the food 
safety concerns of producers and consumers and 
the need to pay special attention to accurate trace‑
ability of animal products and animal health.

	▪ The present review attempts to raise awareness 
of current developments in the traceability of 
meat products, animal health and subsequent‑
ly, better utilization of animal resources, and 
finally, presents the tracing systems successful‑
ly adopted at the international level.

	▪ Review of recent scientific developments 
showed that modern electronic devices (such 
as electronic barcodes, DNA markers, RFID, 
GPS, EPCIS and other biometric sensors) play 
a vital role in monitoring and solving the prob‑
lems encountered by meat producers and other 
actors in the meat supply chain.

	▪ The results of the present study are of considera‑
ble significance in terms of public health because 
accurate implementation of meat tractability sys‑
tems can mitigate the risk of zoonotic diseas‑
es, increase animal health, improve food securi‑
ty, and contribute to enhancement of vital health 
standards in different countries all over the world.
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2. Materials and Methods

2.1 Protocol

Here we present the results of the literature 
review for past peer‑reviewed papers dealing with 
meat traceability, consumer awareness, public health 
and related topics. Papers were collected from the 
CAB Direct, PubMed, Scopus and ISI Web of Sci‑
ence with topics (title, abstract, and author keywords) 
including different methods of tracking systems and 
identity of consumed meat source from farm‑to‑fork. 
After removing the irrelevant papers, there were 317 
fully peer‑reviewed papers on this topic between 
2000 and 2025 (Table 1). Reference lists in eligible 
articles and relevant reviews were hand‑searched to 
identify and include further relevant papers. Subse‑
quently, the results of relevant papers were merged, 
and consensus was reached by discussion among the 
authors on any disagreements. Finally, due to the 
wide range of traceability approaches, only the most 
relevant and frequently reported topics were selected 
for comparison and discussion.

2.2 EAN.UCC system in traceability

The EAN.UCC system provides international‑
ly recognized standards for the unique identification 
of food products at all stages of production, transpor‑
tation, and storage. It also provides facilities for elec‑
tronic communication standards to enable the accurate 
and quick exchange of information between all stages 
of food production, processing, and distribution (Zhao 
and Cao, 2017). The system uniquely identifies prod‑
ucts, locations, services, and assets, and includes a set 
of standard data structures, called Application Identifi‑
ers (AIs), which allow encoding of secondary informa‑
tion, such as batch number, expiry date, and other meat 
resource properties for encryption. The basis of the 
EAN.UCC system, which is used extensively in trace‑
ability, is an unambiguous numbering scheme used to 
identify goods and services throughout the SC (Bai 
et al., 2017). Owing to the automated techniques for 
information recording in this system, the numbering 
method can be used at any stage of production, conver‑
sion, and distribution of meat and its products.

Figure 1. Different stages of meat tracking (adapted from Buskirk et al., 2013)
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Table 1. Comprehensive search strategy for articles selection

Database Searched keywords
Number

of 
results

Number 
of selected 

articles

CAB Direct

(animal traceability/ animal health/ meat/ minced meat/ meat sources/ 
animal muscle composition/ animal tissues/ animal traceability system/ 
supply chain/ value chain/ supply networks/ consumer awareness/ 
consumer rights/ right to safety/ consumer protection/ health/ public health/ 
consumer’s health/ zoonotic disease/ animal traceability/ slaughter stage 
traceability/ post‑slaughter traceability/ traceability policies/ government 
policies/ regulations/ traceability benefit/ traceability benefit problem/ 
traceability tools/ barcodes/ RFID/ EPCIS/ DNA markers/ genetic 
traceability)

531 98

PubMed

(animal health/ traceability system/ meat traceability/ slaughterhouse 
processing/ post‑slaughter traceability/ tissues traceability/ muscle 
composition traceability/ minced meat traceability/ food trace number/ 
packaging/ zoonotic disease/ meat transportation/ meat distribution 
industry/ consumer rights/ consumer health/ public health/ food safety/ 
animal resources)

87 27

Scopus

(meat industry/ meat sources/ meat traceability/ meat supply chain/ 
meat traceability systems/ meat traceability tools/ blockchain/ barcodes/ 
two‑dimensional (2D) barcodes/ 2D tags/ quick response (QR) code/ 
radio frequency identification (RFID)/ wireless sensor networks 
(WSNs)/ electronic product code information services (EPCIS)/ DNA 
markers/ DNA tracking/ genetic traceability/ tracking technologies/ meat 
packaging/ freshness indicators/ temperature indicators/ gas indicators/ 
biosensors indicators/ consumer rights/ consumer awareness/ consumer 
confidence/ consumer health/ public health/ health benefits/ health 
concerns/ food safety/ food security/ zoonotic disease/ national policies/ 
governmental policies/ food safety policy/ meat traceability policies/ 
traceability benefits/ traceability costs/ animal resources/ animal products)

114 66

Web of 
Science

(animal product safety/ meat quality/ meat chain control/ meat 
traceability/ packaging traceability/ meat packaging/ identification/ 
animal identification/ animal authentication/ animal genetics/ genetic 
traceability/ DNA microsatellite markers/ animal muscle types/ minced 
beef/ beef supply chain/ food supply chain/ cold chain/ blockchain/ 
perishable food supply chain/ food monitoring for safety/ rapid alert 
system for food and meat/ automotive applications/ online temperature 
monitoring/ optimal temperature/ shelf life/ electronic pedigree/ 
labeling/ 2D barcode technology/ QR code/ RFID/ WSNs/ EPCIS/ 
food safety criteria/ border control/ microbial food safety policy/ 
governmental policies/ meat traceability policies/ public health/ 
veterinary public health/ zoonotic disease / food safety / food security 
/ consumer health/ consumer trust/ consumer awareness/ consumer 
rights / animal resources / animal products / animal health)

217 92

Other 
Academic 
Databases

(animal health/ traceability technologies/ food traceability/ meat traceability/ 
blockchain / meat/ minced meat/ meat sources/ animal identification/ 
animal authentication/ veterinary public health/ zoonotic disease / food 
safety / food security / public health/ consumer health/ consumer trust/ 
online temperature monitoring/ automotive applications/ Mobile solution/ 
rapid alert system for food and meat/ electronic pedigree/ labeling/ QR 
code/ 2D barcode/ WSNs/ RFID/ EPCIS/ microbial food safety policy/ 
meat traceability policies/ national policies/ meat safety policy)

368 34
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2.3 Traceability at the slaughter stage

After entry into a slaughterhouse, the identity and 
history of animals are transferred to and tracked by the 
slaughterhouse’s central database. After slaughter, the 
skin is removed and the carcass divided into the hind‑
quarters and forequarters. The slaughtered carcass then 
transfers to the cutting room, and the bony part of the 
carcass is first separated and each section is turned into 
primary cuts (Cheraghi Saray and Rafat, 2016; Thakur 
et al., 2020). After preparing the required cuts, vacu‑
um packing is often applied and the meat labelled with 
a special barcode. The label contains the product code, 
package code, country of origin, birth date, names and 
addresses of producers, carcass number, sex and cold 
weight of the carcass, ear tag number, date of slaugh‑
ter, country of slaughter, name of slaughterhouse, car‑
cass cutting plant, the date of packing, and expiry date. 
Finally, the product enters the cold or freezing rooms 
and a traceable code is recorded for it at the time of 
transport. At the same time, all information about the 
post‑slaughter time and transport is recorded in the 
central database (Buskirk et al., 2013). A schematic of 
different stages of meat tracking is shown in Figure 1.

2.4 Post‑slaughter traceability

To differentiate the meat of slaughtered animals 
originating from different feeding systems, a good 
approach is spectral characterization of the meat using 
reflective spectroscopy. In this method, the meat mus‑
cle type is detected and differentiated using principal 

component analysis (PCA) and independent modeling, 
and qualitative analysis of the obtained information 
determines the difference in meat muscles from two or 
more different feeding systems (Horcada et al., 2020; 
Barragan et al., 2021). Moreover, another approach 
can detect the meat of a particular animal that is turned 
into minced meat by simple carcass processing at a 
specific time (Spence et al., 2018). In this method, a 
single individual scan of the animal is already recorded 
at the slaughterhouse to preserve its identity. When the 
animal is slaughtered and divided into primary parts, 
each one is marked with a special barcode. Each piece 
of meat receives a unique food trace number before 
packaging, which links it to a group of animals slaugh‑
tered on a particular day. Therefore, using a food trace 
number, the source of meat is displayed after slaugh‑
ter and packing and will be shown when final prod‑
uct is sold at butchery counters. Thus, this is a suitable 
method for tracking meat based on EAN.UCC stand‑
ards, which is able to track complete or minced meat 
throughout the SC (Cheraghi Saray and Rafat, 2016; 
Bai et al., 2017) (Figure 2).

3. Different tracking tools and systems

3.1 RFID

RFID tags are one of the most effective meth‑
ods for tracking animals, consisting of a circuit 
(preservation of a unique identifier number), an 
antenna (connected to a microchip), and a memo‑
ry component (allows recording information and 

Figure 2. Assignment of food trace number to each cut of meat. The food trace number is a unique reference 
number for traceable information used on a specific day and time of slaughter. Upon a customer’s request 
about the origin of the meat, the slaughterhouse, processing plant or group of animals that originated there 

can be traced using this number (Cheraghi Saray and Rafat, 2016; Yiying et al., 2019).
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communicating with the reader), and all are con‑
nected to a computer system (Fig. 3). Radio waves 
are emitted from the RFID tag, converted into dig‑
ital data by the operator, and added to the informa‑
tion systems of relevant companies or institutions. 
Various coatings are used to protect the circuit from 
dust, extreme temperatures, humidity, heat, and salt. 
The workable distance that between the tag and the 
reader or operator depends on the frequency band 
(Velandia et al., 2016; Zhang et al., 2017).

3.2 Two‑dimensional labels (2D tags)

The QR code is one of the tracking systems that 
can embed significant information, such as text, vid‑
eo, advertising, personal information, etc., in the form 
of a 2D barcode. These codes can be easily scanned 
with smartphones to decrypt information and messag‑
es related to the meat products. In this method, even 
offline users can access the meat product information 
at any situation, simply by installing a 2D barcode 
scanning application on their smartphone (Cheraghi 
Saray and Rafat, 2012; Chen et al., 2020).

3.3 DNA markers

Despite the high cost of measurement methods 
based on the DNA marker tracking technique, these 
methods are very effective and have many advan‑
tages over paper‑based tracking methods. Microsat‑
ellite markers can be used to detect the meat breed 
of an ID‑less slaughtered animal (Zhao et al., 2017). 
The analytical methods used in this method are main‑
ly based on protein and DNA analysis. Protein‑based 
methods include immunological methods, electropho‑
retic assays, and chromatographic techniques, each of 
which is measured according to the relevant stand‑
ards (Hamishehkar et al., 2014; Hrbek et al., 2020). 
In general, DNA‑based meat source traceability sys‑
tems mainly follow a similar path. In these systems, 

tissues, hair follicles, and blood samples from car‑
casses or live animals are obtained from each ani‑
mal or carcass before or during slaughter, and DNA 
analysis results are stored afterward. When the car‑
cass enters the cutting room, any initial or packaged 
cut is identified as an animal or as within a group of 
animals that have passed simultaneously through the 
slaughter stages. When verification is required, the 
meat or packaging information is connected with the 
stored materials and with the DNA profiles. Finally, a 
group of stored DNA profiles, which should contain 
that from the carcass in question, is selected, and the 
relevant DNA profile are fully matched to the carcass 
or the animal group from which it originates (Shack‑
ell, 2008; Kademi et al., 2019; Qian et al., 2020a).

3.4 Electronic Product Code Information 
Services (EPCIS)

The EPCIS is an online system based on mon‑
itoring the temperature and humidity in the hot and 
cold meat SCs. During meat transportation, this sys‑
tem is used by RFID‑based temperature sensors 
to record product temperature and predefined data 
at any time and place in the transportation chain 
(Thakur and Foras, 2015; Wang et al., 2017).

3.5 Other new tracking technologies

Other technologies, such as freshness indicators 
(estimation of a product’s remaining shelf life), tem‑
perature indices (indicating temperature history dur‑
ing distribution and storage), gas indicators (moni‑
toring changes in gas composition within packaged 
containers), and biosensors (detection, recording, 
and information on biochemical reactions) are new 
methods known as intelligent tracking for packaged 
meat products (Han et al., 2018). The design of such 
packages for meat sources and their integration with 
recording and data transfer devices have enhanced 

RFID Scanning Process
Processing
Software

RFID Reader
(Transceiver)

RFID Ear Tag
(Transponder)

Personal Digital
Assistant

(Data Accumulator)
Mikrochip

Encapsulating ear tag

Metal coil antenna

Figure 3. A sample of RFID tags and their function
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logistics activities that have a significant effect on 
the flow of meat sources from farm‑to‑fork, there‑
by increasing the efficiency of meat source tracking 
efforts (Fang et al., 2017).

4. Data mining

Some data are expected to be non‑recordable 
for a variety of reasons. Data mining techniques are 
used to predict and estimate such data throughout the 
SC to ensure a complete record of meat products. The 
integration of data mining techniques with tracking 
systems ensures the quality and safety of meat food 
sources throughout the SC so the consumer can eval‑
uate and judge the quality of meat products in any sit‑
uation before purchasing (Alfian et al., 2017).

5. Results and Discussion

5.1 Different tracking tools and systems

5.1.1 Genetic traceability (DNA markers)

The results of review studies have shown that 
genetic traceability can play a very important role 
in food chains, because genetic traceability is a rap‑
idly growing application due to the rapid develop‑
ment of genomics, not only in food identification but 
even in the control of nutrition (Cheraghi Saray and 

Hosseinkhani, 2013; Qian et al., 2020a). Accord‑
ing to Morcia et al. (2016), DNA is a stable mole‑
cule that exists in all types of tissues and can retain 
sequence‑specific information that can be accessed by 
a simple replication reaction. Therefore, next‑genera‑
tion sequencing technologies are able to produce large 
amounts of genetic data in a short time at a reasonable 
cost (Ghosh et al., 2018; Zhao et al., 2019). In addi‑
tion, it has been shown that the nucleus genome could 
be identified for individual animal species by extract‑
ing information from genetic sequences. Accordingly, 
stability measurements could be designed for detec‑
tion purposes and generally to characterize each ani‑
mal, plant, and microorganism (Romanenko, 2017; 
Hrbek et al., 2020). Similar results have confirmed 
that the DNA marker technique is a suitable method 
for determining the origin of an animal meat sample 
(Zhao et al., 2017). This method requires using at least 
eight molecular markers that provide a high degree 
of mean heterozygosity in a population, so achiev‑
ing unique identification of individuals in the popu‑
lation (De‑Camargo, 2018). Currently, several class‑
es of PCR‑based DNA markers, along with direct 
sequence analysis, have been used frequently to iden‑
tify plants and animals involved in the human food 
chain (Morcia et al., 2016). In addition to high accu‑
racy, DNA marker traceability is a relatively simple 
technique, so these tests could enhance knowledge of 

Farm of
origin Market

Correct carcass ticket
identified by DNA

DNA sample
from meat

Compare
DNA

Stock
data

system

Carton
Select sample for

DNA testing

Store all carcass tickets
with DNA sample attached

Processing

Carcass Cut Carton

Figure 4. The general path of DNA‑based meat traceability
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the quality attributes of produced meat and increase 
consumer confidence (Zhao et al., 2019). DNA‑based 
meat source traceability systems mostly follow the 
same general path as shown in Figure 4. It is notewor‑
thy that the successful implementation of this meth‑
od requires a basic knowledge of population structures 
related to meat food sources. Although the accuracy 
of DNA‑based traceability steps is almost complete‑
ly guaranteed, its main limitation is the cost. Howev‑
er, systems for counterfeit prevention strategies can be 
implemented at lower costs through national and inter‑
national certification of meat sources (Cheraghi Saray 
et al., 2019; Qian et al., 2020b; Cao et al., 2021).

DNA‑based traceability systems generally fol‑
low a common pathway. These systems typically uti‑
lize tissue samples, blood from a live animal, blood 
from a slaughtered carcass, or hair follicles from a live 
animal. Prior to slaughter (or during the process), a 
blood or tissue sample is taken from each live animal 
or slaughtered carcass and held in storage. When the 
carcass is transferred to the cutting room, each primal 
cut or packaged portion is identified in a manner that 
allows for the identification of the individual animal, 
or a group of animals processed concurrently through 
the slaughter facility. When a trace is required, a sam‑
ple of the meat or its packaging information is sent 
to the DNA sample storage. In this storage, the sam‑
ple can be unambiguously matched to the carcass or 
animal from which it originated, using DNA profiles. 
For any DNA‑based system to be effective, a traceable 
production pathway through the processing facility is 
essential. Processors must adhere to standard operating 
procedures to prevent contamination. When these con‑
ditions are met, a validated and standardized analytical 

method can be employed, facilitating the matching of 
DNA profiles obtained from the carcass at the time of 
slaughter with samples of the packaged meat (Shack‑
ell, 2008; Cheraghi Saray and Rafat, 2016).

5.1.2 RFID

Studies on RFID as one of the tracking system 
tools revealed that the use of RFIDs has grown along 
with the development and production of modern elec‑
tronic devices that can be installed on the animal’s ear, 
under the neck or ankle skin, or when placed in a pro‑
tective layer, inside the animal’s digestive tract (Fig‑
ure. 5). Small RFID tags in different MHz and GHz 
frequency bands ensure system integrity and informa‑
tion (Zhao et al., 2020). The use of RFIDs increases 
both consumer confidence and, in addition to securi‑
ty and control of total production, enhances efficien‑
cy. This greatly reduces the system workload and can 
improve the development rate in addition to facilitat‑
ing access to network services (Alfian et al., 2017). 
More sophisticated biometric technologies are becom‑
ing more sophisticated for living animals. Therefore, 
automated tracking systems and RFID‑based track‑
ing systems are currently available in many indus‑
tries. However, RFID technology is expensive, and 
the high costs are to pay operators, install computer 
software, provide networks, and maintain related sys‑
tems (Zhang et al., 2017; Alfian et al., 2020; Urbano et 
al., 2020). Therefore, the use of RFID is recommend‑
ed only for companies or organizations that have eco‑
nomically evaluated and justified it. Figure 5 shows an 
example of the use of RFID in live animals before and 
after transport to the slaughterhouse.

Figure 5. a) Application of RFID in animals from birth and throughout the breeding period until arrival at 
the slaughterhouse and sending their meat to stores; b) Different locations for the installation and use of 

RFID tags in a live animal

a) b)
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5.1.3 Two‑dimensional tags

Two‑dimensional barcodes can store a large 
amount of information as a machine‑readable pat‑
tern in black and white lines. These barcodes can act 
as a portable database that is scanned and decrypted 
by smartphones (Chen et al., 2020). The information 
embedded in this type of barcode is mainly obtained 
by translating and transferring the information 
placed in the RFID ear tag to a 2D barcode, which is 
first embedded on the carcass and then on each piece 
of packaged meat, and finally provided to the con‑
sumer. Hence, the transfer of RFID data to 2D tags 
leads to 100% accuracy in tracking meat through the 
SC (Foster et al., 2018; Thakur et al., 2020). A wide 
range of 2D barcodes are available, but the four most 
important examples described in the present study 
are shown in Table 2. The advantages of the 2D QR 
code tag have led to its widespread use in the food 
industry, particularly in the meat industry (Gao et 
al., 2009; Kim and Woo, 2016; Focardi et al., 2018). 
The QR code can be a useful tool for implementa‑
tion of consumer rights by providing more informa‑
tion on food safety and quality. The QR code is also 
expected to be used more than ever to help elimi‑
nate consumers’ distrust and strengthen their satis‑
faction when shopping. Therefore, comprehensive 

and accurate information, such as the nature, brand, 
origin, packaging quality, price, safety, stability, and 
environmental effects of the product, should be pro‑
vided for each food product. These efforts are impor‑
tant mechanisms that can improve the consumer’s 
decision to buy meat foods (Kim and Woo, 2016; 
Zhang et al., 2020). Figure 6 shows an example of 
the information embedded in a 2D barcode after 
being scanned by a smartphone. More extensive and 
accurate presentation of this information will satisfy 
the consumer and support the product sale.

 Table 2. Specifications of index samples for 2D barcodes (capacity features and standards for major 
2D barcodesa)

QR Code PDF417 Data Matrix Maxi Code

Example code

Developer
(country)

DENSO
(Japan)

Symbol Technologies
(USA)

RVSI Acuity CiMatrix
(USA)

UPS
(USA)

Numeric 7,089 2,710 3,116 138

Alphanumeric 4,296 1,850 2,355 93

Binary 2,953 1,018 1,556 -

Features
Large capacity

Small printout size
High‑speed scan

Large capacity Small printout size High‑speed scan

Standards

AIM
International

JIS
ISO

AIM
International

ISO

AIM
International

ISO

AIM
International

ISO

Legend: aAdapted from Gao et al. (2009).

Figure 6. Information embedded in a 2D barcode 
when scanning by the consumer
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5.1.4 Electronic product code information 
services (EPCIS)

One of the policies developed for traceability 
systems is the design of general applications (e.g. 
applications that can be used in the smartphone) to 
enable consumer monitoring of food quality and to 
prevent the penetration of counterfeit products into 

food SCs. Most perishable food products, includ‑
ing cooked, chilled and frozen meats, require spe‑
cial storage conditions (Table 3), the full details of 
which are provided to consumers through designed 
applications (Hamishehkar et al., 2015; Farooq et 
al., 2016; Wang et al., 2017).

Among the literature reviewed in the present 
study, an example of EPCIS (Figure 7) can illustrate 

Table 3. Transportation requirements for the perishable food products

Product Temperature (°C) Humidity Other requirements

Cooked food > 60–63 (hot holding temperature)

Chilled food 0–4 (temperatures higher than 4°C 
cause faster growth of bacteria)

Frozen food ≤ −18 (temperatures lower than –18 
℃ prevent bacteria growth)

Fresh fruits and 
vegetables 0–8 90%–95% Appropriate concentrations 

of O2, He, CO2, and C2H4

Note: The temperature requirements for food transportation can vary in different countries depending on their regulations (Farooq et al., 2016)

Figure 7. Screenshot of temperature, humidity, and map indicating meat tracking in a smartphone application 
(adapted from Farooq et al., 2016)
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the performance of these applications. For instance, 
the consumer, after installing the smartphone appli‑
cation and scanning the product barcode at the time 
of purchase, observes graphics showing product 
temperature and humidity recorded along the depict‑
ed route map from the time of leaving the slaugh‑
terhouse to arrival at the store. The various pages of 
this application can graphically compare the product 
humidity and temperature data with the ideal tem‑
perature and humidity data for that product in the 
SC, and users can ascertain the actual transit route 
and the duration for which the product has under‑
gone temperature and humidity fluctuations from 
the slaughterhouse to the store. Ultimately, the con‑
sumer is responsible for the final judgment and pur‑
chase decision; the data enable sensible discussion 
about the quality of transportation and the desira‑
bility of product transfer (Thakur and Foras, 2015; 
Farooq et al., 2016; Wang et al., 2017).

5.1.5 Traceability  of animal muscle composition 
and tissues

Studies on tracking different meat sources 
with a focus on consumer demand to monitor the 
animals’ diets and their meat production indicate 
that diets can be tracked for meat sources and raw 
milk using analytical methods. Dietary indicators 
are determined quantitatively or indirectly from the 
product or tissues of the slaughtered animal (Zhao et 
al., 2020). One study demonstrated that combined 
administration of different trackers would be use‑
ful, due to differences in costs and ease of imple‑
mentation among different tracking methods (Alfian 
et al., 2017). Findings on tracking muscle composi‑
tion for animal meat raised for live weight gain and 
fed concentrate feeds due to a lack of forage in pas‑
tures revealed that the relative live weight gain using 
concentrates was associated with stronger chang‑
es in isotope C composition (Monahan et al., 2018; 
Prache et al., 2020). Also, some isotope C from 
the previous grazing period still remained in mus‑
cles even after 230 days of fattening. This relation‑
ship was not observed in their adipose tissues, which 
was attributed to relatively late fat deposition during 
the fattening period (Prache et al., 2005). In other 
similar studies, researchers could characterize meat 
spectra using visible‑infrared spectroscopic detec‑
tors to differentiate beef that originated from differ‑
ent feeding systems. Their studies demonstrated dif‑
ferences in muscles and fleshy tissues from different 
nutritional systems by the use of PCA, independent 

modeling methods, and finally qualitative analy‑
sis of optical information (Horcada et al., 2020; 
Dumalisile et al., 2020; Barragan et al., 2021). 
The benefits of this type of tracking become even 
more important when consumers demand accurate 
information about the diet type and composition 
of slaughtered animals (Hosseinkhani et al., 2007; 
Cheraghi Saray and Rafat, 2016). Overall, the find‑
ings emphasize the fact that, for both meat and milk 
of a studied animal, the combined use of different 
tracers can be useful to detect the composition of 
different tissues or index compounds in specific sed‑
iments where forage or feed is grown (Zhao et al., 
2020). Accordingly, the combined administration of 
different tracers and examination of different tissues 
could improve our ability to predict and monitor the 
traceability of different meat sources.

5.1.6 Traceability of minced meat

Studies conducted over the last two decades 
show that, despite many endeavors in accurate trace‑
ability, minced meat or animal‑derived products were 
usually exempt from full traceability. This weakness 
is mainly due to problems in determining and track‑
ing the history of slaughtered animals, which con‑
tributes to the lack of accurate tracking of a mixed 
product (Salih, 2017; Thesmar and Stevens, 2019). 
For example, Heaton et al. (2005) reported that 9.5% 
of packaged liver and minced meat portions did not 
match the animals whose identities were recorded 
when entering the slaughterhouse. Similarly, other 
studies indicate tracing violations were committed 
mainly before the product entry into the processing 
plant (Qian et al., 2020b). However, in recent years 
and in most countries, data collected for minced meat 
traceability have been limited to the production date 
and place of the final production (Han et al., 2018; 
Spence et al., 2018). In this regard, researchers inves‑
tigated a tracking technique based on DNA to sepa‑
rate the different parts of minced meat, and concluded 
that the physical separation of the compound ingre‑
dients might be the basis for the traceability within 
products (Naveena et al., 2018; Hrbek et al., 2020). 
In their study (Naveena et al., 2018), the DNA‑based 
identification method could differentiate different 
compound meat products. Other chemical technol‑
ogies, such as enzyme‑linked immunosorbent assay 
(ELISA), were able to detect species abnormalities in 
meat products (Li et al., 2019). Despite the sufficient 
knowledge about traceability and accurate identifica‑
tion of minced meat, conventional tests to accurately 
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identify minced meat inputs are lacking (Cherghi 
Saray and Rafat, 2016; Salih, 2017). This can be 
explained by the fact that although accurate and 
on‑time data collection is one of the priorities in the 
food (meat) SC, the main object of a traceability sys‑
tem is finding the best technology in order to reduce 
costs, risks, time, and energy expended to provide 
exact information about product transportation in the 
food SC (Galvez et al., 2018; Thakur et al., 2020). 
Moreover, tracing animal tissues is increasingly dif‑
ficult given elapsed time after slaughter; this is due to 
the complexity of handling, equipment, and informa‑
tion requirements that need to be imposed for exten‑
sive tracking (Bai et al., 2017; Horcada et al., 2020; 
Barragan et al., 2021). Therefore, it is reasonable 
that the inefficiency of minced meat‑related track‑
ing in recent years is primarily due to the absence 
of low‑cost, simple, and convenient technologies, 
and secondly, a lack of consumer concern about their 
rights to know the origin and identity of mixed meats 
(Salih, 2017; Spence et al., 2018). Therefore, gov‑
ernments need to be convinced to adopt appropri‑
ate policies to reduce the cost of authentication tech‑
nologies and tests for the detection of violations and 
counterfeits committed in the minced meat SC. This 
requires raising people’s awareness and knowledge 
in this field and increasing their demand for track‑
ing mixed and derived meats, which will constitute 
a considerable portion of the market for meat food 
sources (Cheraghi Saray and Rafat, 2016).

5.1.7 Traceability in the transportation industry 
and distribution of meat

Findings related to traceability in meat trans‑
portation and distribution industries suggested that 
the origin of meat spoilage is transmission of bacte‑
ria from one animal to another during the slaughter 
process or at any stage of the production, processing, 
and meat distribution (Cheraghi Saray et al., 2014; 
Zare et al., 2014; Odeyemi et al., 2020). Galvez et al. 
(2018) demonstrated that tracking can be a tool for 
the successful identification, elimination of inappro‑
priately contaminated products from the market, and 
for supporting product quality assurance processes. 
Therefore, the implementation of tracking for animals 
selected for slaughter might have a major contribu‑
tion in reducing the identification costs of non‑stand‑
ard meat products (Zare et al., 2016; Yan et al., 2018; 
Zhao et al., 2020). With respect to pathogens, a study 
by Buhr (2003) is an excellent reference for recent 
research topics. This researcher reported that the vet‑
erinary services of one company identified Salmonel‑
la in routine tests on animal farms. Through traceabil‑
ity information systems, they proved in the shortest 
possible time that the Salmonella originated from the 
raising farm, and the need to recall feed, which could 
have contained the pathogen, was obviated. Econom‑
ic analysis found that the use of traceability in this 
situation resulted in saving more than $100,000 in 
feed recalls (Buhr, 2003). Figure 8 shows a simple 

Figure 8. A simplified example of a beef supply chain (adapted from Shackell, 2008)

Farm 1

Processor A

Retailer
1

Retailer
2

Retailer
3

Restaurant
1

Restaurant
2

Restaurant
3

Restaurant
4

Processor B Processor C

Farm 2 Farm 3 Farm 4 Farm 5
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example of traceability “from farm to consumer” in 
the beef SC to further illustrate direct and indirect 
tracking of a sold product.

Figure 8 shows that fast tracking from farm to 
consumer can be both direct and indirect. In this dia‑
gram, the meat consumed in restaurants 1 and 3 is sup‑
plied from two processing slaughterhouses, A and B, 
where their meat is also supplied from cattle raised 
in four farms 1, 2, 3, and 4, one of which (farm 4) 
supplies meat to two processing slaughterhouses. 
Although retailers 1 and 2 provide meat from only one 
slaughterhouse (A and B, respectively), each of these 
slaughterhouses (A and B) is supplied by more than 
one farm, and farm 4 is common to both slaughter‑
houses. When there is a need for direct authentication 
of the sold meat, only the meat sold in Restaurant 4 
can be traced to a single farm (Farm 5) among the four 
restaurants and three retailers. This is because Restau‑
rant 4 purchases only from one slaughterhouse (C), 
and its meat came from only one livestock farm (5).

Given this example, adapted from Shackell 
(2008), it is understandable that there are many bar‑
riers to the direct traceability of meat in most cases, 
so the authenticity and origin of the consumed meat 
mostly depends on indirect tracking. Therefore, the 
design of traceable meat systems with indirect tracking 
capability, which also increases costs with the increas‑
ing the accuracy of their output information, is large‑
ly justified economically from the viewpoint of human 
health and is accepted by governments and consumers 
(Jansen et al., 2016; Cheraghi Saray and Rafat, 2016).

5.1.8 The role of regulatory and governmental 
authorities in meat traceability systems

Studies have shown that significant efforts have 
been made to draw meat traceability maps by differ‑
ent countries. China and the European Union have 
made the greatest efforts to address general consum‑
er concerns about meat source traceability (Jansen et 
al., 2016; Qian et al., 2020b). Since the consumer is 
the main motivation factor for designing global track‑
ing systems, Zhen et al. (2019) carried out compre‑
hensive studies in this regard and reported that some 
consumer behaviors toward food safety and risk fac‑
tors were sometimes irrational. Hence, it can be sug‑
gested that consumers’ tractability probably differs 
with the economic situation of each society (Thesmar 
and Stevens, 2019; Zhang et al., 2020). According to 
Zhen et al. (2019) and Qian et al. (2020b), traceabil‑
ity is a solution for consumer protection rather than 
a tool for the control of responsibilities. However, if 

consumer health is threatened by product(s), the pro‑
ducer will be able to troubleshoot via examining the 
various stages of the tracking system and make the 
necessary corrections. If the risk factors are of exter‑
nal origin or the corrections are beyond the capacity 
of the production unit, this is reported to the relevant 
authorities or institutions as soon as possible. How‑
ever, retailers, wholesalers, and, in many cases, legis‑
lators insist on addressing tracking requests from the 
consumer perspective (Sargeant et al., 2007; Wang et 
al., 2018). As a result, some policies have been formu‑
lated in most countries such that the various stages of 
tracking systems are mainly implemented by consum‑
er group representatives, private companies, and indi‑
vidual businesses, with governments ultimately mak‑
ing management decisions at the national and macro 
levels (Salih, 2017; Wang et al., 2018; Galvez et al., 
2018; Bougdira et al., 2019; Zhen et al., 2019). There‑
fore, there will be differences in the implementation 
of these systems in different countries, for which the 
main reasons are as follows: 1) the national livestock 
information system is unique for each country and is 
supported and implemented under the national laws of 
that country; 2) no two countries are exactly the same 
in terms of distance, nature, structure, and industry in 
the food SC, and; 3) different cultures in the agricul‑
tural industry of each country, and even each region, 
have a significant impact on the acceptability of trace‑
ability maps (Cheraghi Saray and Hosseinkhani, 
2013; Cheraghi Saray and Rafat, 2016).

5.1.9 Costs and benefits of traceability systems

The main costs of companies or institutions 
that initially launch and design tracking systems 
are: 1) hardware costs, such as providing comput‑
ers and scanners; 2) software costs, including pur‑
chasing applications tailored to each tracking sys‑
tem, such as the Abaserve; 3) costs of obtaining 
relevant licensing from national and international 
organizations; 4) costs of designing labels suitable 
for the type of meat sources; 5) costs of staff sala‑
ries, and; 6) costs of designing and maintaining cen‑
tral databases (Vander‑Merwe and Kirsten, 2015). 
The main advantages of designing traceability sys‑
tems are: 1) increased trust between meat produc‑
ers (livestock owners and farmers), slaughterhouses, 
and consumers of meat products; 2) better control 
regarding the origin of meat through the use of elec‑
tronic than paper‑based documentation; 3) invento‑
ry control, online and accurate statistics, and limit‑
ing product theft; 4) improved control of illegal and 
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fraudulent cases; 5) correct identification of an inci‑
dent problem at any stage from production to sale; 
6) improved management and accounting units in 
relevant companies and institutions; 7) easy and 
accurate access to retail markets, and; 8) potentially 
increased health and safety of consumers (Probst et 
al., 2013; Vander‑Merwe and Kirsten, 2015; Galvez 
et al., 2018; Zhang et al., 2020).

6. Conclusion

This review has shown that for those involved 
in the meat SC, the implementation of modern elec‑
tronics based on communication and information 
technology, such as electronic barcodes, DNA mark‑
ers, RFID, GPS, EPCIS, and other biometric sen‑
sors, plays critical roles in monitoring and detecting 

problems and providing consumers with information 
to support their purchasing decisions. An important 
result of this review is the description of the imple‑
mentation of different information systems and 
traceability in the meat product sector. Since the 
expected result of the current review was to explain 
the necessity, efficiency, and economic reasons for 
implementing tracking systems and provide guid‑
ance for future research, such studies are advised to 
examine consumer trends regarding meat SC tracea‑
bility. Proper, full traceability would enable meat SC 
companies to limit their legal and financial burdens, 
would support production decisions, enhance con‑
sumer health and purchase decisions, and would cre‑
ate public confidence in meat chain security. Conse‑
quently, traceability in the meat SC can bring both 
commercial and regulatory benefits for any country.

Određivanje i primena alata za sledljivost u lancu 
snabdevanja mesom i proizvodima od mesa sa ciljem 
podizanja svesti potrošača i jačanja poverenja javnosti
Sadegh Cheraghi Saray, Ali Hosseinkhani, Seyed Abbas Rafat, Hamed Hamishehkar i Peyman Zare

I N F O R M A C I J E  O  R A D U A P S T R A K T

Ključne reči:
Sledljivost
Izvori mesa
Proizvodi životinjskog porekla
Zdravlje životinja
Javno zdravlje

Zbog zabrinutosti za bezbednost uvezenih prehrambenih proizvoda i prevenciju zoo‑
notskih bolesti vlade su se usmerile na dizajn sistema za praćenje. U ovoj studiji pre‑
gledana je i predstavljena potrebna infrastruktura, metode prikupljanja podataka, kao 
i zdravstvene koristi i komponente koje se postižu primenom sledljivosti na međuna‑
rodnom nivou. Pregled je pokazao da implementacija svakog elektronskog sistema za 
praćenje omogućava identifikaciju konzumiranog mesa od farme do trpeze. Međutim, 
sistemi za identifikaciju putem radio‑frekvencije (RFID), DNK markeri i bežične sen‑
zorske mreže (WSN) označeni su kao najprikladnije i najtačnije metode za praćenje 
porekla konzumiranog mesa. Prema rezultatima istraživanja u ovom radu, regulatorna 
tela i donosioci odluka treba ozbiljno da obrate pažnju na ovo pitanje kako bi se spreči‑
la pojava falsifikovanih proizvoda od mesa i očuvalo javno zdravlje.
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