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Abstract— Ensuring food safety and
maintaining consumer trust are of extreme
significance in the food industry. This paper
explores the creation of a novel traceability
system that utilizes domain expertise to tackle
challenges in the ready meals supply chain. The
proposed system efficiently monitors ingredients,
processing procedures, and distribution networks
to guarantee product authenticity and prompt
action in the event of potential food safety issues.
At the stage of conceptual design, we selected to
involve decision makers and it turned out that
they had significantly changed the initial technical
design. By combining technological
advancements with in-depth industry knowledge,
this research aims to create a robust traceability
framework that enhances food safety, consumer
confidence, and supply chain efficiency while
keeping the cost of initial adoption of the system
low. This study shows how traceability in food
supply chain is understood by different
managerial perspectives.
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I.  INTRODUCTION

The food supply chain has become increasingly
complex, necessitating robust working systems to
ensure and support food safety, quality, and
transparency. A key concept surrounding these
systems is traceability, which is the ability to track a
food product from its origin to the consumer [1]. In
recent years, the significance of food supply chain
traceability has amplified due to a series of food safety
incidents, a growing emphasis on sustainability,
increasing consumer prices, supply disruptions, and
other socio-economic factors. One possible solution to
the challenges arising from food supply chain
traceability is through the intervention of technology.

The objective of this paper is to propose a novel,
cost-effective food traceability information system. The
cost reduction is based on the lack of sensors and any
other related data-capturing devices, which, from a
business point of view, seems to be an important
investment for companies, and they consider it before

recognizing the benefits and value they can offer [2].
Therefore, the proposed system tries to address the
perception of the management executives regarding
the role of technological intervention and the reduction
of the relative production flexibility required. The
proposed system is designed exclusively for the
monitoring of ready meals, and in this paper, the
perceptions of those involved in the requirements
collection phase are highlighted to demonstrate the
underlying complexity of supply chain traceability.

The paper is organized as follows: Section 2
provides a brief literature review of traceability; Section
3 describes the proposed system and section 4
presents perspectives emerged during the discussion
with experts.

Il. LITERATURE REVIEW

In this section we present the traceability in food
supply chain, the role of technology as enabler and
how ready meals play a significant role in the food
supply chain.

A.  Traceability in food supply chain

Traceability in the food supply chain has gathered
the interest of the academic community and there are
studies describing food traceability systems ([3] and
[4]), success factors in system development [1],
adoption barriers and challenges [5] and [6].
Traceability is a capability of the supply chain and
depending on the interest of the study, the needs of
the partners and the capabilities of the system that
implements it, it can further take different forms. [4]
distinguish nine different traceability types:

. Product traceability which is usually related to
determining the physical location of the food at any
stage in the supply chain

. Process traceability which tracks types,
parameters and sequence of activities carried out in
food throughout the supply chain

. Forward traceability includes the downstream
path of the supply chain from the producer of raw
materials to the consumer,

. Backward traceability refers to the upstream
path of the supply chain from the point of final
consumption to the producer (upstream)
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. Genetic traceability that focuses more on the
certification processes and the identification of
genetically modified foods

. Input traceability for the purpose of monitoring
properties on all different incoming materials as well as
suppliers,

. Disease and pest traceability aimed at
monitoring and detecting biological hazards in food,

. Measurement traceability for
measurements of interest the supply chain,

monitoring

. Logistics traceability which the interest is in the
monitoring of materials transported along the supply
chain and

. Quality traceability with an emphasis on the
monitoring of properties related to quality and food
security.

Having multiple types of traceability underscores
the challenges of implementing a food traceability
system. It is apparent that the existence of multiple
types of traceability might affect and blur the common
understanding required to operate on a collaborative
platform in a supply chain.

The supply chain provides a unified perspective in
which various participants use resources to move
products from producers to final consumers. The
importance of information has proven to be important,
and traceability systems meet the demands of the
supply chain. The interesting thing is that the relevant
studies that exist refer to the traceability of a specific
species (e.g., meat, fish, agricultural products), and
there is no work done at the supply chain level for
ready meals. A possible explanation can be based on
the view of [5], who claim that traceability differs
between disciplines. The next table summarizes
different initiatives regarding traceability in the supply
chain.

TABLE I. INDICATIVE FOOD TRACEABILITY IMPLEMENTATIONS

Supply Research Technology Result Source
chain Objective enablers
Reliable product RFID,
Agrofood information Blockhain Trust [
: Forecasting . )
Momtgr and models, Web Risk reductio
Fisheries configure services and Iqsses [8]
transport ! during
arameters Sensor transport
p network
Life cycle .
Meat traceability RFID Security [9]
Blockchain
(smart
Reduction of contracts),
Grain asymmetric Sensor, Trust and [10]
: ; transparency
information Sensor
network,
Cams
Monitoring of Configuration
Frozen Sensor
5 transport parameters of [11]
fruits o network .
conditions supply chain
Fresh Export trade of a Sensor Quality [12]
fruits special variety network characteristics

B. Technology enablers for food traceability

Blockchain technology has emerged as a
transformative solution for the food processing
industries, offering a wide range of applications that

enhance transparency, traceability, security, and
efficiency. One of the most significant applications of
blockchain technology in the food processing
industries is its ability to enhance traceability and
transparency throughout the supply chain. Blockchain
provides a decentralized and immutable ledger system
that allows all stakeholders, including farmers,
processors, distributors, and consumers, to access
information about the origin, quality, and movement of
food products in real-time [13] and [14]. For instance,
blockchain can be used to track the journey of a food
product from the farm to the consumer's table,
ensuring that each step of the process is documented
and verifiable. This level of transparency not only
builds trust among consumers but also helps in
identifying and addressing issues related to food safety
and quality in a timely manner as [15] and [16]
suggest. Similarly, blockchain technology has been
discussed in the context of addressing food fraud and
counterfeiting issues, by providing a secure and
transparent way to verify the authenticity of food
products. [13]. Another role of blockchain technology
has been recognized regarding the improvement of
food safety and quality control by providing a secure
and tamper-proof record of food production and
distribution processes. By integrating blockchain with
Internet of Things (loT) devices, food processing
industries can monitor and verify the conditions under
which food is produced, stored, and transported [17].

From a supply chain perspective, blockchain can
streamline food processing operations by automating
processes, reducing administrative costs, and
improving collaboration among stakeholders. Smart
contracts, which are self-executing contracts with
predefined rules, can be used to automate payments,
inventory management, and other supply chain
processes [15]. Moreover, it has the potential to
promote sustainability in the food processing industries
by optimizing resource usage and reducing waste as
[18] and [19] suggest. The food processing industries
are subject to strict regulations and standards, and
blockchain technology can help companies comply
with these requirements more effectively. The
provision of a secure and transparent record of the
entire supply chain events, it is possible to for all the
training partners to demonstrate compliance with food
safety and quality standards [20] and [21]. Finally,
blockchain has an impact on consumers’ preferences
through the provision of access to detailed information
regarding the food product. The presence of a QR
code or by using a mobile app, consumers can access
information about the origin, ingredients, and
production process of a food product, enabling them to
make informed decisions about their diet and health
[13] and [14].

C. The importance of ready meals supply chain

The term ready meal, also referred to as a
convenient meal or pre-packaged meal, is a product
quite widespread in Europe. [22] distinguish four
categories of ready meals which are: (i) Ready to eat,
such as main takeout dishes, salads, etc., which are
consumed as purchased, (i) Ready to heat, such as
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frozen and frozen entrees (e.g. pizza), as well as
dehydrated and canned foods, which require heating
before consumption, (iii) Ready to end-cook, such as
dehydrated pasta dishes that require more than 15
minutes of heating before consumption and (iv) Ready
to cook, which is minimally prepared food that still
requires full cooking of some or all of its ingredients.

The categorization is not the only one and in fact it
arises from the perspective of the final consumer. The
knowledge gained on consumer attitudes towards
ready meals is quite varied and it is difficult to draw
unified conclusions. For example, [23] studied a
sample of citizens of Luxembourg and found that the
increased consumption of ready meals, combined with
other factors such as gender, age and socio-economic
status increase the risk of obesity. Although
consumers are aware of the possible health effects of
ready-made meals, they still prefer them,
compensating for other factors such as time scarcity or
lack of cooking skills [24].

What most sources seem to agree on is that the
market for ready meals will continue to grow for the
next decade at rates of 6% to 11% depending on the
available study source. The production of ready meals
is a task that can be implemented from a restaurant to
a specialized production unit.

Depending on the target markets industries usually
produce three main categories of ready meals: (i)
Fresh meals intended for immediate consumption, (ii)
Preservable meals with an expiration date of 3-4
weeks and (iii) Frozen meals with a consumption
horizon of 1 year. Most of the production stages are
the same (e.g. selection of materials, export from
warehouse, unpacking, preparation of materials and
execution of recipe, portioning, packaging and
transport) but the way of cooling the finished product,
packaging and transport requirements differs. Recent
academic sources refer on issues of environmental
impact [25] and nutritional value [26] of ready meals,
confirming the suggestion of [27] that the academic
focus on ready meals has shifted mainly to the
consumer side.

Business and consumer perspectives  on
traceability according to a recent study diverge [28]. In
this work, businesses that prepare meals for retail sale
and are usually classified in the hospitality industry
(e.g. hotels, catering companies) as well as consumers
of ready meals were questioned about the need for
traceability. The results showed that businesses are
aligned with existing policies and understand the
importance of traceability, however providing
information only on product safety and quality is not
enough for the consumer to purchase. There are
issues of interest to consumers (e.g. environmental
protection) which businesses prioritized to a lesser
extent.

IIl. THE PROPOSED SYSTEM
A. Stakeholders

The Stakeholders in a ready meal tracking platform
are usually from major industries operating in the food
supply chain industry. A few factors such as the
number and operational heterogeneity of stakeholders,
the complexity of cooking, the variety of foods stored
and handled, the type of demand served (e.g. retail,
service contract) express the contextual complexity
need to be met by traceability information systems.
The next list identifies the stakeholders involved in the
proposed project platform.

. Food supplier: A ready meal recipe requires
the mixing of different ingredients and include various
heterogenous agents (e.g. farmers, breeders and
fishermen). Hence this stakeholder consists of various
groups of companies depending on the product they
offer.

. Ready meals manufacturer: They develop
recipes, source ingredients, cook and package meals,
ensuring food safety and quality.

. Distributor: Provides transportation of goods
and ready meals (as final products) across the supply
chain.

. Government  agency: Responsible  for
protecting public health by ensuring the safety, quality,
and proper labelling of food products.

. Consumer: Purchases ready meals. It is
challenging to represent in detail because it takes
different forms like a hospital, university, catering
services or even a single household.

The generic presented stakeholders have different
characteristics and provide different views regarding
the proposed information system. Apart from the
consumer, most of the stakeholders are aware of the
significance of traceability in a supply chain. In
addition, there are stakeholders that could be
additionally included in such as retail companies that
distribute ready-to-eat meals from their shelves,
technology providers that offer specialized services on
blockchain infrastructures (e.g. data transfer between
different blockchains), food quality control laboratories
that issue certificates of suitability, etc. This is a strong
indication that the context of the study is complex and
mandates.

B. Proposed system architecture

The proposed system was designed with modular
architecture to be able to support as many entities as
possible. Initially the emphasis was on supporting the
product traceability, but after a few improvement
cycles and discussions he decided to provide tools for
the end consumer, such as Nutrient profiler and
Environmental Footprint were developed. In summary
the following list presents the software modules of the
proposed platform with a brief description.

. Production ledger: Gathering and storing the
information that documents the entity of the suppliers
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and the validation of the related location codes (Global
Location Number - GLN). In addition, this module
offers functions for organizing information that
specializes in site characteristics (crop history,
harvests, etc.) according to use.

*  Quality Control: Definition and monitoring of
quality control procedures as implemented by each
production unit. Support of common quality standards
(eg ISO 22000, HACCP) and accompanying certificate
forms as derived from laboratory measurements.

. External traceability: Monitoring and recording
of the transport project between two consecutive
points. Tracking and recording of shipments
(departure, transport and arrival events) can be
supported by location tracking and recording of
transport conditions.

. Internal traceability: Define events according
to GS1 and EPCIS to monitor the production process
[29]. EPCIS master events are defined by supplier and
item to support tracking of traded items. Provide
interfaces with production lines to determine batch
labeling within the production facility up to pre-
departure for downstream parts of the supply chain.
Retention of data to support batch recall.

. Nutrient profiler: Support the nutritional
characteristics of ready meals according to the
creation ingredients and additives recorded by the
production process.

. Food and product labeling: Tool to create valid
labels of the codes that are traded and implement the
recommendations of GS1.

Environmental Footprint: Determination of the
environmental footprint of ready meals covering the
entire supply chain and provided the data is provided
by the participants. The factors considered vary
depending on the packaging materials, the preparation
process of the ready meal, the origin of the raw
materials, etc.

. Consumer mobile application: Providing ready
meal information to the final consumer.

. Blockchain infrastructure: The proposed
platform leverages blockchain infrastructure to store
data that serves transparency and trust between the
involved roles.

The next figure illustrates the proposed architecture
and depicts the interaction between the traceability
system and the stakeholders.
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Fig.1: Proposed system’s architecture

We consider the replacement of automatic data
capturing devices (such as loT sensors) with semi-
automated approach supported by mobile devices and
QR codes. The underlying idea is that a human
controlled technological intervention will increase the
adoption likelihood by the users and foster a more
flexible working system. Such an approach allows
some very-small and small-medium enterprises,
usually located at the upper tier of supply chain, to
participate with minimum entry cost.

The general principle of the proposed system is
when an event occurs in the supply chain (e.g. harvest
a new batch of tomatoes, deliver frozen fish, cook
chicken curry) then it should be recorded based on
GS1 standards and represented with a QR code. The
events are pre-defined and associated with different
roles. It is also possible to create a new event to better
reflect the operational capability and requirements of a
trading partner. In addition, the execution of a receipt
within the ready meals manufacturer requires a few
sequential steps and blend of semi-final products. The
traceability within the production plant is crucial
because a significant number of materials are
processed daily during the meal preparation. Thus, the
module of internal traceability will provide the required
tools and services to synchronize the execution of a
ready meal receipt with the mixture of ingredients
used.

To increase the trust between the trading parties
the adoption of blockchain infrastructure. Blockchain
creates a trusted environment where all parties can
verify the authenticity and integrity of transactions,
reducing the need for intermediaries and building
confidence in the relationship [30], [31], [32] and [34].

To this end the proposed system could offer some
functionality to tackle ready meals traceability. The
next section encodes user's perspectives and some
requirements asked by the users.

IV. EXPERT’'S PERSPECTIVES ON FOOD TRACEABILITY

During the conceptual design of the proposed
system, we had the opportunity to share some
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technical approaches with business experts. In this
section we present the perception of users and how
these  perspectives transformed to  system
requirements in brief.

In this section we briefly present the discussions
with different experts related to ready meals. Although
we had in-depth interviews with various experts, in this
section we selected to present in brief interaction we
had with marketing, sales, supply chain and
government agency experts.

The discussion with a marketing expert was
influential because it convinced the team to introduce
consumer as key user to the platform. At the early
design stages the consumer was out of the scope
because the focus was on the operational support of
the companies. The marketing expert pointed out that

The use of technologies such as blockchain and
data analytics in traceability represents a significant
integration of advanced technology into the food
industry. In a globalized food supply chain, traceability
becomes even more critical. Research can focus on
the challenges and solutions for implementing
traceability in international contexts, considering
factors such as differing regulations, technological
infrastructure, and economic conditions.

Looking ahead, future trends in traceability might
include the integration of artificial intelligence and
machine learning to predict and mitigate risks, the use
of more sophisticated sensors for real-time monitoring,
and the development of global standards for
traceability. @~ These trends present  exciting
opportunities for cutting-edge research and innovation.

consumers receive trust likewise as any other trading TABLE Il. INDICATIVE INDICATIVE LENS SUGGESTED BY THE
partner and we should include in the scope of the EXPERTS
system. Moreover, the marketing expert proposed Expert | Topic Quotes Impact
engaging the consumer by providing additional content Marketin | Consumer *...consumers “are
and the target groups Millennials and Gen Z, prioritize 9 trust increasingly ~conscious
L X . - . about the origins of their
ethical consumption. Implementlng tracz_eablllty in food. Traceability provides
packaged ready meals not only aligns with current transparency, allowing | Introduction of
consumer trends and values but also enhances brand customers fo see exactly | - consumerin
. . where their meal ingredients the scope of
reputation, ensures food safety, and provides a come from...” the system
competitive advantage. In the same direction was the Modern “H..producfs that aligr’: with
H H H H consumer their values, suc as
discussion with sales experts. The latter think that they requirements | sustainability, athical
can effectively communicate the value of_ traceability in sourcing, and environmental
packaged meals, it as a new tool to drive sales and . impg;t.--”d -
P : : ustomer codes on packaging
differentiate from competitors. Engagement | can’  fink  to  detaled
. . . information about the meal's
Contrary to the consumer centric discussion, a ingredients,  offering _ an
supply chain expert focused on the practical and educational and engaging
operational aspects of traceability, the increased = e fXPe“ence---"h
TR - H ales ul ran ...we show our
visibility, risk management, and overall supply chain trust commitment to quality and Initiate
improvement. The Government expert perspective is food safety. This can | discussions
at a more generic level and discussed the topics of E'r%r::gcsa“rté%utzggﬁnCliad?;g feg:tfgr'ggot:e
pUb“C health and reQUIatory Comp“ance- to  increased ’customer Investment of
. . . . loyalty...” the proposed
. Table 1l deplc;ts t.he relationship between the topics Premium “Traceability adds value fo system
introduced and justified by the experts (some quotes pricing our products, justifying a
are also included) and how these perspectives had premium price point.
infl d th r d tem. In m th Sup_ply E_nha_r?ced ...grea{ly gnhances supply
!n uenc_e € propose sys em. some cases the chain Visibility chain visibility. It allows us
impact is not on the system itself but shaped by some to track every step of the o
post-implementation configuration parameters. oo from. raw d”;ﬁf/if;;" Dstinguish
H iAi ensuring we have real-timé external
It is apparent that the expert opinion was fully insights into our operations.” | traceability
utilized under this research. However, we note that all Recall “._traceability systems modules
the experts addressed different perspectives on the Management | enable u; fftq condtlllct et
H HR . ’ precise and efficient recalls. €
topic of traceability and didn’t encounter how we can We can identify the specific | experiments to
achieve traceability, but how we can capitalize it. All batches affected and isolate | ~examine the
the experts were aware about how slow food them ctxuickly, minimizing ths aglyhst%/eféjtge
HA H Impact on consumers an
traceability is currently, how stressful on the personnel reducing the overall cost of recall
are the recall incidents and they all agree that even a the recall process...” management
small improvement would be welcomed by the Risk . _“ny t_havf"gb tdefa”eg Issues
industries inVOIVed. managemen Information abou ) gac
step, we can anticipate
e s . . . otential disruptions and
Traceability in f_ood supp_ly chains, and in particular Zevebp Comin;ency plans
for ready meals, is a multifaceted phenomenon that to ensure  continuity of
require further study and has impacts on various fields supply. — This proactive
. . . X i approach is essential for
of the social life. The implementation of traceability maintaining  a  resilient
systems opens numerous avenues for future research _ supply chain.”
like the study of the efficacy of different traceability Governm | Public health | "Traceabilty e:r{:;ecrl‘;z e
technologies, the impact on supply chain transparency, agency safety and protecting public
and the effects on consumer trust and behavior. health. By enabling the | Adoption of
tracking of food products Blockchain to
from farm to table, we can enhance
Www.jmest.org
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quickly identify and isolate
sources of contamination,
thereby preventing
foodborne illnesses and
ensuring the safety of our
food supply."

“...is crucial for ensuring
compliance with food safety
regulations. These systems
help food producers,
processors, and distributors
meet regulatory
requirements and avoid
legal penalties.”

regulatory
compliance

Regulatory
Compliance

V. CONCLUSIONS

The development of a novel food traceability system for ready
meals has underscored the critical importance of
integrating technological innovations with industry
expertise. This study highlights that ensuring food
safety, enhancing supply chain transparency, and
addressing consumer trust requires a tailored
approach that accounts for the unique challenges of
the ready meals industry. The proposed system not
only aligns with existing regulatory frameworks but
also introduces scalable solutions to minimize adoption
barriers, making it accessible even to small and
medium-sized enterprises.

Expert insights have proven instrumental in shaping
the system’s design, ensuring that it meets the
practical needs of stakeholders across the supply
chain. From enabling consumers to access detailed
product information to providing manufacturers with
tools for internal and external traceability, the platform
demonstrates its capacity to enhance operational
efficiency and consumer engagement. Moreover, the
integration of blockchain technology reinforces data
transparency and trust among all trading partners,
addressing the increasing demand for accountability in
the food industry.

In conclusion, this research paves the way for
further exploration into the integration of advanced
technologies like artificial intelligence and loT for real-
time monitoring and predictive analytics in traceability
systems. By fostering collaboration among
stakeholders and  prioritizing  consumer-centric
features, the proposed traceability platform can serve
as a model for the broader food industry. Future work
could focus on refining system modules, addressing
interoperability challenges, and evaluating the long-
term impact of traceability systems on supply chain
sustainability and consumer behavior.
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