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Abstract: Foods are complex products consisting of various ingredients of diverse origins. Along the food
supply chains, food products are prone to spoilage and safety issues, which could give rise to different health-
related concerns and outcomes. Furthermore, the existing highly centralised food systems generate substantial
greenhouse gas emissions and food waste. In order to strengthen the sustainable decentralised "farm-to-fork"
food chains, a mindset shift supported by relevant education and policy initiatives is highly required. The
ERASMUS+ KA220 project SafeFood4EU has been conceived with a crucial mission - to develop an
interdisciplinary and innovative e-learning toolbox of higher education and lifelong learning courses that
reflect various aspects of sustainable agri-food systems. The thematic areas discussed within the SafeFood4EU
project have covered food safety and supply chain management, sustainable food systems and design, food
production and quality of raw materials, food authenticity and analysis, and digital and soft skills. The main
objectives have been to develop a distinctive content package and make it available to the students via an e-
learning management system. The project's results, aimed at creating a pool of young and capable experts, can
significantly impact future food security, thereby increasing awareness about the future challenges regarding
food systems transition, dietary shift and the next generation's food security — confirmed by learners, teachers
and other relevant expert within the obligatory quality feedback survey, integrated in the SafeFood4EU e-
learning system.

Keywords: sustainable agri-food systems; higher education; life-long learning, e-learning; novel
interdisciplinary approach, EU project, sustainability, project results

1. Introduction

Food systems are complex and inherit challenges based on increasing pressures from consumers,
governments, and businesses. They involve various complex processes and products comprised of
multiple ingredients from diverse origins, so it is not surprising that their safety may be
compromised. This can create the ground for adverse effects on citizens' health and add massive
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challenges to the survival of our regional agriculture, stimulating a need for safer and more
sustainable food value chains.

To strengthen the development of sustainable and decentralised “farm-to-fork” food value
chains and offset issues created by the industrialised food system approach, a rethinking and a shift
in the societal mindset are required. Such changes will be strongly supported by an innovative, cross-
disciplinary toolbox of relevant courses, allowing higher education students and Lilfe-Long Learners
to self-create applied knowledge, which has been the core of the SafeFood4EU (Safe Food for Europe,
2021-1-BG01-KA220-HED-000027577) project idea. Although a shift in mindset towards carbon-
neutral and decentralised agri-food production chains has begun, it needs to be reinforced by creating
strong and relevant knowledge and developing interdisciplinary experts that can grasp various
elements (from safety to sustainability) within the food system. The SafeFood4EU project addresses
this, seeking to generate a pool of well-educated experts who can become part of the industries and
policy-making through developing an interdisciplinary master's program. These experts will play a
positive role in strengthening the demand for carbon-neutral and decentralised agri-food production
chains.

1.1. SafeFood4EU in a Nutshell

This growing concern about food safety is not isolated to the EU. However, it is a global trend
that warrants attention, given the potential health risks associated with the complex origin of sourced
ingredients. It also poses a significant challenge for our regional decentralised and traditional
agriculture due to the complex design of food value chains. Some issues that need to be addressed
include food authenticity, the green agri-food life cycle, and overall food quality and safety
management from the farm to the fork. These challenges need to be tackled by future experts who
will be trained based on the SafeFood4EU project's curriculum. By involving interdisciplinary solid
theoretical underpinnings and practical examples showing the disadvantages and consequences of
globalised supply chains, the project team has aimed mainly to raise awareness among a broad range
of students with a diverse academic background regarding the opportunities for sustainable agri-
food supply chains, regional development, and healthy life, offered by the decentralisation of
agriculture and food production in the EU context, with a focus on examples from the involved
countries and partner organisations.

The necessary rethinking and mindset shift to strengthen the sustainable decentralised “farm-
to-fork” food value chains, respectively to shorten the food value chains (physically and socially),
were to be strongly supported by an innovative transdisciplinary toolbox of relevant courses, offering
students the opportunity for applied knowledge self-creation, which has been the core of the
SafeFood4EU project idea. Another crucial project objective, considering the current challenging
developments, has been preparing the highly needed transdisciplinary knowledge transfer platform,
as close as possible in its principles and contents to practice and policy-making, considering
fundamental issues such as food authenticity, fair production, food toxicology, agri-food basics, and
supply chain management.

However, another objective for the project team has been rethinking consumption needs
regarding regionality, quality, and the required daily amount of food, often based on subconscious
perception factors and respective product quality and overall sustainability. The team pursued this
objective by elaborating and testing a cutting-edge, interdisciplinary English language workshop
learning format and content.

By elaboration and demonstration of the three envisaged project results:

- Professional glossary, scientific work, and collaboration guidance,
- Learning curriculum and contents,
- E-learning platform,

The project team has targeted and pursued the process and design thinking ability creation and
strengthening among students, basing the envisaged systemic approach on the following formula:
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A. decentralised agriculture + B. local food processing & production + C. regional distribution
and consumption = D. high added value for all stakeholders + E. healthier life + F. sustainably
developing regions.

Thereby, the project team has planned to deliver to the students interactively and internationally
the answers to the questions WHAT (should be changed), WHY (D, E, F) and HOW (A, B, C) with
regards to achieving high added local value creation and life quality increase, in the context of our
sustainable agri-food systems of the future. In addition to this, the SafeFood4EU learners and teachers
will become well-prepared for future collaborations and co-working on an international level in the
English language by optimally utilising the professional glossary and co-working guidance contents
in daily practice. In the long term perspective, the project team expects through having completed
successfully the direct project goals to set the foundations for a future Joint Master's Degree
Programme in the broad and highly societally relevant area of creating and managing the
decentralised agri-food systems of the future, which will systematically enable learners and teachers
to experience the full range of the shared knowledge platform in person and its elements.

1.2. Positioning and Structure of the Paper

In recent years, higher education institutions have had to adapt to potential disruptions such as
wars, pandemics, natural disasters, and staff strikes, which can negatively impact student learning
[1]. Universities also strive to expand their educational offerings by incorporating distance-based
learning and part-time study programs for working professionals to increase accessibility and
flexibility. These developments have led to the implementation of online, blended, and distance-
based programs [2]. Another notable trend is the development of multi and interdisciplinary
programs, allowing students to learn from diverse European educational teams [3]. While these
courses may only provide a basic understanding of specialised subjects, they offer students a broad
perspective and enhance their knowledge across various domains. Despite criticism for being overly
generalised, these programs offer students unique, comprehensive views and may serve as a gateway
to further specialised studies. An interdisciplinary approach can offer several benefits in food systems
due to its complex and interconnected nature. However, it also presents challenges, particularly in
coordinating different disciplines and concerns that students may struggle with numerous related
subjects without enough background information [4]. Multidisciplinary approaches have shown to
be promising in food system education [5]. Such work has also been shown on multidisciplinary
programmes in health care and regarding perceptions of online education in response to Covid 19
[6,7]. However, there are limited reports on the design and perceptions of an interdisciplinary food
systems online master's program in Europe. This paper presents an overview of an online
interdisciplinary study program in sustainable and safe food systems. The three main questions
which we seek to answer are below.

What are user expert perceptions about the future expectations of online learning for European
interdisciplinary food system education?

What are the user perceptions of the disciplinary topics offered in the designed interdisciplinary
food system master’s program?

What is users' perception of the future expectations of COIL-based online learning platforms?

The paper's structure is as follows: Section 2 covers the Project Background and Motivation,
which describes the SafeFood4EU program, program development processes, and learning methods.
Section 3 outlines the Methodology, followed by Section 4, which presents the project Results and
quality feedback questionnaires. Section 5 presents the Discussion and Implications. Finally, Section
6 Concludes the paper.

2. Project Background and Motivation

The section above underscores increasing worries over food safety and sustainability, both
within the EU and globally, and emphasises the need for proactive measures to protect food system
stakeholders and society in the face of increasingly complex value chains. The necessary rethinking
has begun to take place in practice, but still not fast enough to respond to the demand and such
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creation of demand will be strengthened by generating adequately educated experts, who will later
on become part of the industries and policy making, and by this will positively influence the carbon
neutral and decentralised agri-food value chains.

The elaboration and implementation of the European strategy for promoting protein crops is an
example of a political initiative focusing on part of the challenge emphasised by SafeFood4EU. It is
essential to prepare for the shift towards such proteins, as EU law defines areas around food safety
and marketing, which can be highly complex [8]. The awareness of students of this initiative, as well
as the Farm to Fork Strategy and other relevant strategic EU undertakings, indeed being part of the
Green Deal, shall be focused in an accessible manner on the principles of sustainable local agri-food
industries, so these same students would be able to implement these into the practice soon. At the
same time, the food independence of many EU countries, including the project partner countries, is
seriously endangered, mainly because of the current work and product pricing conditions and
inconsistent relevant funding schemes. Therefore, transferring applied knowledge on food safety and
smart decentralised and zero-carbon agri-food supply chain design and management to students is
the only effective method to reach this goal. The local value generation and increase of principles
regarding the agri-food industries are critical factors for the envisaged EU-wide agri-food industries
development. Therefore, these have been professionally performed by the SafeFood4EU curriculum
graduates. Moreover, the scientifically evidenced decreasing ability of learners to use professional
language in writing and presenting ideas and contents, as well as to apply these in daily academic
and professional contexts, has actively been addressed by the SafeFood4EU team, which has
dedicated one of the three project results and its implementation to namely supporting learners in
overcoming this negative trend by being trained to act in terms of communication and collaboration
professionally [9,10].

Next, on digitalisation, the results from [11] show that agri-food businesses are employing more
digital technologies, and product-related services stand a better chance of surviving environmental
challenges. The findings also add that one of the main differences between successful and
unsuccessful companies is understanding the importance of digital technologies and product-related
services in establishing smart and resilient production and manufacturing. Moreover, technologies
and services such as spare parts and full-service contracts, along with additive manufacturing/3D
printing, big data analytics, and digital twins, increased the gross annual turnover of manufacturing
companies in the COVID-19 era. This supports the findings that companies employing some of these
digital technologies and services could quickly achieve higher financial resilience, and with a higher
gross annual turnover, they could easily bypass impacts from the environment, such as economic
crises, COVID-19, the war in Ukraine, etc. [12,13]. It is also noted that companies need to achieve a
higher level of awareness and knowledge about emerging digital technologies and services among
their employees, especially production managers [14].

Moreover, for the Fourth Industrial Revolution (4IR) to be successful, meaningful, and
productive in the educational sector, technologies should start and end with learners - meaning that
curricula should be designed to facilitate teaching and learning activities [15]. This also means that a
drastic transformation in teaching and learning may be required, including their underpinning
behaviours, such that the education sector evolves as technological innovations develop, especially
across borders. Considering that technological innovations are essential to new jobs and
employability skills, education providers should strive to close the current gaps by ensuring their
students and graduates are ready for employment [16]. It has also been argued that investments in
teaching and research development may be required, which includes the training and retraining of
tutors and students to provide appropriate tools and techniques for the digital transformation [17].
Instead of investing in a new workforce, the education sector may reskill and retain the existing
workforce by increasing their productivity through digital transformation.

Furthermore, as mentioned in [18] education is crucial in forming balanced societies based on
the pillars of Sustainable Development, economy, technology, and the environment. This study
indicates that university curricula of environmental engineering require greater incorporation of
Education for Sustainable Development and that its implementation should go hand in hand with
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participatory teaching and learning methods. This development also promotes the adoption of
competencies such as critical thinking, the elaboration of hypotheses for the future, and the collective
adoption of decisions, and these promote the change of formal education where quality education is
the objective. Additionally, curricula in universities should adopt a reflective character around
sustainability as a field or concept through the competencies of an interdisciplinary, diverse, and
multimodal learning pedagogy, as well as understanding the importance of implementing
evaluations that help to determine the degree of understanding of said competences, methods, and
strategies that contribute to the implementation of sustainable projects.

Regarding sustainability, the results of the study [19] concern the apparent need for
sustainability professionals and sustainability skills amongst managers and leaders in different
company positions, including specialists working in research departments. Thus, the study points
out a need for universities to provide students with comprehensive sustainability skills among those
who will not work as sustainability professionals. In this context, four major necessary skill groups
have been identified: critical thinking on complex issues, articulating sustainability issues,
understanding megatrends and global drivers, and literacy on crucial sustainability issues. It is also
noted that personal engagement on sustainability issues was typically ranked low. When teaching
these topics, an emphasis is placed on enhancing their integration into existing university curricula
and working with companies and NGOs concentrating on real-world problems. Thus, the results of
this study point out the importance of integrating sustainability into the topics taught at universities
and more development in this area. Also, [19] points out what sustainability skills would be needed
among non-sustainability specialists in other industries.

Next, the study done in [20] outlines several essential aspects in the context of higher education
for the fourth industrial revolution. Students recognised and ranked future-oriented topics and
contents as some of the most important elements in their study programs, together with the
importance of digital competencies, especially for Master's students who considered them central in
their education. It is observed that Master's students do not give high ratings to online courses as
opposed to the classroom experience in interactive courses. However, bachelor's students seemed
more open to online courses. Thus, this observation might also be related to a status quo bias. It is
discussed that it could also be worthwhile, in the context of ESD, to combine virtual learning
environments with inverse classroom concepts, such as jointly-developed webinars—done by
students and instructors from different countries, which in turn could create new content, facilitate
international discussions, while reducing the need for travelling. Thus, it is noted that engaging
students in the development of digital teaching tools and methods could mitigate their scepticism,
together with the statement that digitalisation in higher education does come with its pros and cons,
and application of it has to be carefully determined and planned in terms of quality, quantity, and
intensity. Moreover, it is concluded that students in sustainable development programs must be
shown how an interdisciplinary and international education benefits their career prospects;
otherwise, they might not choose such programs in the first place. Thus, a close collaboration between
universities and industrial partners might be a possibility for opportunities and a way to provide
internships to students of sustainable development programs.

2.1. Overview of Participating Regions

While focused on production efficiency, globalised food supply chains must improve
management and transparency. This, combined with a gap in consumer understanding of
sustainable, safe, and authentic practices [21-23], has contributed to the misunderstanding of the food
system. Consequently, trust in the food system has been eroded [24]. Recent incidents across the EU,
fueled by complex ingredient origins, threaten public health and put strain on traditional,
decentralised agriculture. To address these concerns, Bulgaria is rethinking its food system, but
progress must be accelerated. The SafeFood4EU project directly supports this transformation by
generating a pool of well-trained experts who will shape future industries and policies for carbon-
neutral, decentralised agri-food production chains. The University of Food Technologies (UFT), with
its expertise in food safety and strong government collaboration, plays a pivotal role in this process.
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Similarly, Germany has shifted towards alternative food systems focused on urban regions. The
University of Bonn contributes its strengths in nutritional sciences, food technology, and its unique
molecular food program to enhance this trend. Initiatives like the EU's strategy for promoting protein
crops and the Farm to Fork Strategy guide these developments and are brought into the classroom to
empower students for practical implementation. UNIB has identified six Transdisciplinary Research
Areas (TRAs) for sustainable development, including TRA 6, “Innovation and Technology for
Sustainable Futures”. This TRA focuses on nutrition and health on one side and thus directly touches
the present project. In addition, TRA 6 also includes research on institutional innovation, behaviour,
and system transformation, for example, research that addresses behavioural changes that support
sustainability, as well as research on sustainable bio-economy. Networking opportunities exist in
TRA 6 through various activities, such as lecture series and topic-specific workshops. The
SafeFood4EU participating Institute for Food Technology and Biotechnology of the University of
Bonn in this project is a member of TRA 6.

Through Aeres University of Applied Sciences (Aeres UAS), the Netherlands leads sustainable,
green knowledge and urban agriculture solutions. Students actively engage in experiential learning,
applying research to address food independence challenges. Aeres supports the SafeFood4EU project
by devloping courses tackling food safety, decentralised food systems and value chains, and zero-
carbon goals, and also by by training future agri-food professionals who can create value within local
industries. Table 1 provides an overview of the agri-food industry in each country and its challenges.

Table 1. Country Overview and Challenges.

Country  Description Challenges Sources

The highly productive,

modern, and innovative Challenges include high

livestock concentration

leading to greenhouse  [25,26]
gas emissions and

nitrogen surplus.

agricultural sector exports

Netherland ornamental horticulture

s products, dairy, eggs, meat,
vegetables, and fruit. It aims
to be a leader in European
agri-food transformation.
Diverse agricultural sectors
ranging from specialised to Challenges include
family farms. Major sectors extensive monocultures,
include cereals, vegetables, competition with the

27-30
Germany and horticultural products. sustainable energy [ ]
Significant overweight sector, climate change
population and impacts, food waste, and
environmental concerns food safety issues.
persist.
Agriculture is significant for
th d
¢ economy an . Challenges include
employment. Major ) .
. economic restructuring,
products include cereals, climate chanee impacts
Bulgaria  industrial crops, honey, pig & P [31-34]

leading to water
consumption increase,
and pest/disease shifts.

meat, and poultry. Rising
temperatures and altered
precipitation patterns pose
risks to crop development.

Beyond country-specific issues, several shared challenges cut across the involved regions.
Addressing food safety and authenticity in the face of complex, multinational supply chains is
paramount. Food fraud undermines consumer trust and jeopardises public health. Furthermore,
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there needs to be more consistency in funding and policy frameworks to develop robust decentralised
production models. Only through collaborative knowledge-sharing and a concerted focus on
sustainable practices can these cross-regional challenges be met. The SafeFood4EU project critically
addresses the scientifically backed decline in learners' abilities to use professional language and apply
knowledge in the food sector. To counter this, a key project result focuses on developing learners'
communication and collaboration skills to ensure their effectiveness within the industry and beyond.

2.2. Project Preparation, Management, and Key Tasks.

Careful preparation led by UFT preceded the SafeFood4EU project launch. Needs assessments
pinpointed gaps in decentralised food system education and the importance of collaborative,
problem-oriented learning. Extensive stakeholder identification was conducted alongside a foresight
analysis of educational and practical demands in the field. UFT provided comprehensive
management tools for activity tracking, quality assurance, risk mitigation, and financial oversight.
Pre-launch and dissemination plans targeted key learner groups and relevant stakeholders,
leveraging social media for outreach. Central to the project was creating a strongly interdisciplinary,
practice-oriented toolkit of courses addressing decentralised, sustainable food chains, a crucial step
in improving the overall food system. A long-term applicable design-thinking curriculum was
developed based on UFT's food safety expertise, UNIB's strengths in food chemistry and technology,
and Aeres emphasis on sustainable food systems and agri-food supply chains 4.0. The EU's Farm to
Fork Strategy, a cornerstone of the EU Green Deal, was integrated into the curriculum to emphasise
the transition towards a healthier, environmentally conscious food system. The project adopted the
collaborative online interactive learning (COIL) model, led by Aeres, enabling collaborative online
learning between diverse student groups across all partner institutions. COIL fosters intercultural
awareness, digital literacy, and professional development, enhancing the student experience while
providing a sustainable platform for transnational teaching that is easy to use and accessible after
simple user registration. Financial management, guided by UFT's "Financial Management and
Budgeting Manual," was a priority throughout the project. Regular reporting, budget tracking, and
transparent communication between partners ensured responsible use of funds and adherence to
project timelines. Table 2 summarises the learning course overview. That was selected for project
preparation based on constructive alignment and needs assessment.

Table 2. Overview of Modules and Tasks.

Module Course Leac':l . Description
Institution
1. Food supply chain Covers management aspects of
UFT .
management food supply chains.
2. Introduction to Food Introduces basics of food safety
. UNIB .
Food Safety Safety and Toxicology and toxicology.
Focuses on authentication
. Food Authenticati
3. Food Au cnication andUNIB techniques and food analysis
Food Analysis
methods.
4. Introducing food AERES Provides an overview of food
systems systems.
5. Agri-food supply chains AERES Explores m'odern agri-food
4.0 supply chains.
Sustainable food 6. Sustainable Food UFT Emphasises sustainability in
. Systems food systems.
supply chains . . . .
. Provides practical experience in
7. Experiencing food
ERES  food systems and supply

systems and supply chains

8. Designing Sustainable

AERES
Food systems

chains.
Focuses on designing
sustainable food systems.
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A li f f
9. Quality and safety of ddresses quality and safety o

Food raw raw materials UFT raw materials used in food
materials production.
10. Sustainable food UNIB Discusses sustainable practices
production in food production.

11. Digital tools for
teaching and practice
collaboration on food

Utilises digital tools for
Aeres collaborative teaching and
industry decentralisation.

Soft skills industries' decentralisation
12. Professional and Enhances professional and
scientific vocabulary, UNIB scientific communication skills
expression and writing in writing.

The SafeFood4EU project partners worked together on three key outcomes. UNIB led the
creation of a unified glossary of professional terminology and presentation standards, ensuring
streamlined communication across all partners. UFT led the development of a comprehensive,
interdisciplinary curriculum focusing on decentralised food systems. They covered food safety,
policy, and supply chain management, while UNIB delved into food chemistry, toxicology, and
authenticity, and AERES emphasised design thinking for sustainable agri-food systems design.
Finally, Aeres, with others, supports managed content on the learning management system (canvas).
UFT established a robust quality management system for the project to ensure its effectiveness. They
designed surveys for students, teachers, and employers to evaluate the impact of the project's
outcomes. Success was measured by adopting SafeFood4EU courses, increased teacher and student
satisfaction, and positive student experiences during internships and subsequent job placements.
UFT coordinated the project, facilitating regular online meetings and in-person discussions between
partners. The project team used Canvas and a Shared Drive for internal communication, and these
tools also formed the foundation of the final learning platform. To gain feedback and optimise results,
the partners utilised the Erasmus+ Project Results Platform to share progress and engage with
external stakeholders.

Several events were strategically planned to amplify the project's reach and knowledge sharing.
UFT highlighted key SafeFood4EU themes—aligned with the EU's Farm to Fork Strategy and Green
Deal —during its annual scientific conference, drawing a national and European audience. UNIB
organised workshops to integrate SafeFood4EU results with its ongoing sustainability research.
Finally, UFT's "Business and Academia Leaders Symposium" bridged the gap between the project
and industry, showcasing topics vital to food safety, security, and sustainability. Moreover, an
overview of key responsibilities and expertise is shown in Table 3.

Table 3. Expertise and Responsibilities.

Organisation Roles and Responsibilities =~ Overview of Expertise
o Strong focus on Food Safety
o Leading Bulgarian and Quality
institution for SafeFood, with e Offers interdisciplinary
expertise in food science, tech, education in various food-related
. . aliti
University of Food and engineering o specialities ‘ . .
, Develops expertisein =~ Extensive experience in
Technologies - . . .
. food safety, innovative supply research, teaching, and
Plovdiv (UFT) . . 1 :
chain management collaboration with industries and
o Actively collaborates policymakers
with industry and . Experts in food processing,
governmental bodies safety, and supply chain

management
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University of Bonn
(UNIB)

[
Aeres University of

Applied Sciences
(AERES)

o Internationally
recognised for excellence in
education and research

. Expertise in food
chemistry, toxicology, and raw
materials science

o Focus on molecular food
technology and food safety

o Integrates education,

research, and entrepreneurship

Focus on sustainable and
smart agri-food systems,
business and science

° Utilises urban
environment for experimental

d0i:10.20944/preprints202407.0095.v1

. Leading programs in
Nutritional and Food Sciences

Emphasis on natural scientific
approach in food technology — the
leading professors are team
renowned for research on
secondary plant metabolites and
food authentication

Significant experience in
teaching and research related to
food chemistry and analysis
. Offers education from
practical to Master's level
o Emphasis on speciality issues
within the food and agriculture
industry
o Research on city-region food
systems and sustainable food
innovation

Expertise in food systems

learnin .. .
& transition and leadership

development

2.3. Project Outcomes

The SafeFood4EU project developed a comprehensive curriculum focused on decentralised food
systems. The curriculum spans four key modules — Food Safety, Sustainable Food Supply Chains,
Food Raw Materials, and Soft Skills — each offering three courses combining theoretical and practical
instruction. These courses were delivered collaboratively in English to students across the three
partner universities. Clear communication standards were set early in the project to ensure effective
learning. The SafeFood4EU curriculum is now embedded into the partner universities' educational
offerings. We are also exploring an international Joint Degree Master's program with potential
support from programs like ERASMUS Mundus, recognising the significant value this would offer
stakeholders.

All interactive educational content was made available upon project completion, benefiting
universities, training centres, and agri-food businesses. The open-access, adaptable format of these
resources fosters broad sector application. SafeFood4EU aligns with the UN's Sustainable
Development Goals (SDGs), specifically Goals 2 (Zero Hunger) and 6 (Clean Water and Sanitation),
through its emphasis on sustainable agriculture, improved food security, and reduced water
pollution. SafeFood4EU empowers students with the knowledge to shape a more sustainable food
system. They gain an in-depth understanding of global food systems, safety, and sustainable
practices, preparing them for impactful careers. The collaborative exchange of expertise amongst
partners has resulted in a curriculum that equips students to tackle today's challenges, leading to
enhanced food quality, support for small and medium agri-food businesses, and increased
innovation. SafeFood4EU strategically supports the EU's Farm to Fork and Green Deal initiatives to
create a more sustainable and climate-resilient food system. The project's focus on decentralised food
chains directly reduces the agricultural sector's carbon footprint. By incorporating these EU strategies
into our curriculum, we educate the next generation of professionals who will drive progress toward
these critical goals.

Table 4. shows the project results, including the lead organisation and the partners who participated,
and a small description of each main outcome.
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Tond  Pecticioat
ea AHAPAINE Ty heline Description

Project Result Partner Partners
The elaboration of the
SafeFood4EU Glossary Month 1 - glossary and guidance is
and Co-Working UNIB UFT, AERES crucial for curriculum
. Month 6
Guidance development and student
involvement.
Curriculum development
covers various thematic
UNIB, Month 4 - fields, including food

SafeFood4EU Curriculum UFT processing, safety,

AERES Month 18 . .
toxicology, design
thinking, and sustainable

food systems.

SafeFood4EU Month 7 gzvigg r(fllle r;:acifIZa(r:rgiL
Collaborative Learning ~ AERES UNIB, UFT p & &
Platform Month 24 platform based on Canvas

for collaborative
teamwork.

By deploying the content and launching the envisaged transnational interactive learning
platform, the learners and teachers in all three participating countries can participate actively in the
multidisciplinary learning process. In the project beginning (Project Result 1), the framework for
professional language use and format in speaking and writing has been elaborated so that all
involved learners, teachers, and other stakeholders can easily and understandably be part of the
learning process and later part of the paradigm shift in the EU agri-food world.

The higher education courses and programs created and extended by the implementation of the
SafeFood4EU teaching and learning contents have become an essential and fixed part of the
education process in the partner Universities, and this has made them sustainable in long-term and
open and available to anyone willing to access and utilise them. An international Joint Degree Master
Program on the SafeFood4EU topics was considered during and after the project duration of
SafeFood4EU, and afterwards, its design and national accreditation in all three partner countries were
pursued. It was envisaged to address the relevant ERASMUS funding instruments for this purpose
(e.g. ERASMUS Mundus), as well as the local and regional industrial stakeholders regarding the co-
financing of such a large-scale undertaking, which has provided added value to the entire set of
relevant stakeholders, by generating internationally trained and experienced interdisciplinary
thinking and working professionals, who will shape the sustainable and resource-efficient
decentralised agri-food systems of tomorrow. Upon completion of the project, interactive educational
resources will be available to all stakeholders. In addition, they have been developed and improved
so that they can also be used by users outside the higher education system - training centres, business
organisations, and enterprises. The digital format, a "living document" of all project outcomes in
Canvas, has adapted these to other entities' needs, transferred them to new fields, and will influence
future higher education and agri-food policies and practices. Maintaining and updating content,
domain, and hosting of the platform on which the created content has been uploaded will be part of
UFT's responsibilities during and after the project's duration. The broad public awareness of the
innovative educational resources of the project will create aspirations for creating such on other topics
in the field of technical specialities for Bachelor's and Master's degrees.

The Sustainable Development Goals (SDGs) are global goals adopted by all United Nations
Member States in 2015. This is a universal call for action to protect the planet, reduce the human
impact on the environment, end poverty, and ensure that all people will live healthy and sustainable
lives in peace and prosperity by 2030. Implementing these 17 Global goals will contribute to balancing
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social, economic and environmental sustainability. The Sustainable Development Goals are an urgent
call for action by all countries in a global partnership. The project and the selected courses address
several of these objectives. Goal 2 focuses mainly on malnutrition, economic growth, and increased
agricultural productivity. The focus of SafeFood4EU is food supply chain management, sustainable
food systems, and the quality of raw materials. Decentralisation of agri-food supply chains will
ensure infrastructure investment and improve agricultural productivity. Selected courses will
demonstrate the types of supply chains, industries and technologies that can support the delivery of
agricultural and food products. This is the key to providing solutions, developing sustainable food
technologies and making food affordable and better for more regions. It will also contribute to Goal
6, notably Target 6.3: "By 2030, improve water quality by reducing pollution, eliminating dumping
and minimising release of hazardous chemicals and materials, halving the proportion of untreated
wastewater and substantially increasing recycling and safe reuse globally.". Improving and
decentralising agri-food industries will reduce water and environmental pollution and make
settlements more resilient towards the desired level of environmental risk mitigation. Further
projects in the relevant field will be performed to follow up on the activities.

2.4. Quality Control and Impact

UFT has a functioning system for ensuring self-assessment and quality management of higher
education and training, which has been applied to evaluate the quality of project results regularly.

UNIB has an advanced UN SDGs aligned sustainable development program, as well as AERES.
These have been involved as well for quality management and topical directions alignment purposes
along the project runtime.

A questionnaire was developed, and a survey based on it was conducted with students, teachers,
and employees from the expertise areas in which the project is being developed so that the degree of
achievement of project results is well tracked. The teachers' survey provided insights into the level of
educational resources that increase the quality and satisfaction of their work. The benchmarks are a
crucial increase in interest for their classes measured by the number of participating students, an
increase in student achievement in the relevant subjects, and recognition of increased satisfaction
with their classroom work. The student survey has tracked the extent to which an innovative
educational resource increases the degree of understanding and absorption of the learning material,
the degree of confidence that they can handle an actual workflow, and the degree of confidence they
can handle such during internships. Indicators of measurement are high test scores and high
evaluation of students’ work by employers during internships. In the long-term perspective, the most
objective indicator of the project's success and the achievement of its objectives has been the number
of students who have quickly found a job in their speciality and have thus helped to steady the
development of the regional and European economy. This could not be monitored during the
duration of the project. The objectives mentioned above and the level of their reaching have been
qualitatively and quantitatively measured as follows:

+ The number of students chosen/elected the SafeFood4EU courses, programs and training from
the point of time of the release of Project Result 2. and 3., as well as since its implementation and the
creation of new higher education courses and programs related to the SafeFood4EU thematic field

+ The number of teachers involved in the SafeFood4EU courses, programs, and training. There
was an increase in the number of teachers at the partner organisations due to the SafeFood4EU needs
of relevant majors in the long term.

+ The number of the PhD students involved in the SafeFood4EU content development.

2.5. Implementation

The three partner organisations have cooperated in achieving the project objectives by
implementing the SafeFood4EU collaborative interactive and cross-national teaching/learning
content and learning platform in their education courses and programs. These have integrated the
SafeFood4EU contents into their current courses and programmes and created new ones. The project
team has set the foundation for a wide range of future educational activities with applied research
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relations by elaborating and test-implementing a solid toolkit of strongly interdisciplinary teaching
courses in the field of decentralised sustainable agri-food supply chains by integrating cutting-edge
know-how on a practical, theoretical and political level, to prepare future experts for the challenging
tasks in the agri-food business in all of its forms.

The project coordinating partner at SafeFood4EU is UFT, and it has coordinated the project
actions by constantly having multilateral discussions and brainstorming activities with all partners
to balance and possibly optimally elaborate and deliver the project results. The project
communication has been performed chiefly via online conference meetings of the overall project team
and in focus groups. Communication and collaboration between all partner organisations have been
conducted in the same manner as until the project proposal submission, which was done
transparently and clearly through regular online conference calls with all partners. Four transnational
consortial meetings were planned, where all three partner organisations were represented and
actively brainstormed and discussed the occurring and planned issues - two in Bulgaria, one in
Germany, and one in the Netherlands. It was envisaged that the SafeFood4EU collaborative cross-
national learning platform be designed and deployed in the platform of Canvas, and the project team
has used these for its internal communication as well. These tools have both been applied by the
SafeFood4EU team because of their broad application possibilities and easy access. A large-scale final
project conference, combined with the final project meeting, has taken place at the end of the project.
Outcomes, trends, and future collaboration topics and necessities have been discussed in larger round
tables and thematic workshops.

The SafeFood4EU project team has used the Erasmus+ Project Results Platform for the
implementation of the project goals and needed measures, as well as the dissemination, in terms of
co-development and more comprehensive discussions also with non-direct-partner institutions on
the elaboration and implementation of the envisaged SafeFood4EU Curriculum (Project Result 2) and
the SafeFood4EU collaborative learning platform (Project Result 3). All project partners are familiar
and experienced with the daily use of the Erasmus+ Project Results Platform. It was crucial to enable
university students' teaching/learning content to become discussed, and not directly participating
partners critically observed its development during the project runtime. This, especially in the
network of past and active Erasmus+ projects in Higher Education Strategic Cooperations, has made
it possible to obtain valuable feedback from experts from the entire EU. Therefore, the SafeFood4EU
team has provided access to the Project Results at critical points in time of the development process
of - the draft publication of the Learning content (Project Result 2.) and the pre-launch phase of the
interactive learning platform (Project Result 3), as well as the envisaged SafeFood 4 EU Glossary and
Co-Working Guidance (Project Result 1.) in the beginning. By this, failure avoidance and
content/interface optimisation have been possible as a living lab, supported by the actively
participating organisations at the Erasmus+ Project Results Platform.

2.6. Multiplier Events

UFT is well known at the regional level for organising an annual scientific conference where
partners from abroad are invited as guest lecturers to present different aspects and advances in Food
Science, Food Processing, Food Safety and Quality Management. In line with the Farm to Fork
Strategy and the EU Green Deal, thematic areas from the SafeFood4EU project have been integrated
as a specific conference stream at the UFT's EU-wide well-known Scientific and Applied Research
Annual Conference with International Participation "FOOD SCIENCE, ENGINEERING AND
TECHNOLOGY". This has served as a Multiplier Event on a national and European scale, in which
target groups include relevant students, teachers, young professionals, NGOs, policy-making
organisations, and businesses from Bulgaria and the entire EU. Workshops at the same venue have
also been planned to increase awareness and bring more knowledge about the transformative
changes we need to understand and follow to achieve more sustainable Food Systems, Green
Environment and Healthy Food.

The final project event in May 2024 was combined with an international conference at UFT
dedicated to the project topic, which attracted relevant researchers and teachers from Germany, the
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Netherlands, Bulgaria, Portugal, Greece, and Turkey. It offered high-impact dissemination through
hosting over 100 national and international guests and an interactive online quality feedback survey
on the SafeFood4EU results, accessible through a QR code and accessed and answered by dosens of
guests. It was envisaged to organise a workshop in the framework of the envisaged Final conference
where to present and discuss the significant outcomes of the initiative in the context of the
SafeFood4EU aims and project results, the sustainability agenda of UNIB, as well as the current
developments in the framework of the EU Farm-to-Fork Strategy and the European Green Deal.
Aeres had opportunities to discuss and present the project advancements within several events to
national and international guests through the Aeres International Week, international events like
Floriade 2022, and through other Erasmus projects to project partners for demonstration and
inspiration.

Long-Term Impact: The ultimate indicator of project success will be the number of students who
quickly secure relevant jobs after graduation, contributing to a more robust regional and European
economy. Other quality indicators include: a) the number of students enrolled in SafeFood4EU
courses and programs, b) the number of teachers involved in SafeFood4EU curriculum delivery, and
c) the number of PhD students contributing to content development.

3. Methods

The methods are presented in three phases: preparation, deployment, and feedback. In the
preparation, the course content was developed, drawing on the expertise of academicians involved
in the project. The project partners followed the constructive alignment theory, in which the content,
learning objectives, and working methods were designed before full course content development to
reach the interdisciplinary curriculum goals. Course design varied per course/partner concerning the
research-oriented vs practice-oriented universities involved. The educators' experience and
continuous feedback loops were used to improve the course material and the learning management
system (LMS), Canvas. In the preparation phase, the course content was uploaded onto the LMS
Canvas following the COIL approach. European educators then rigorously reviewed the LMS and
course content, ensuring quality, relevance, and cultural sensitivity. One of the crucial ways to
evaluate the outcomes and the project's performance was by implementing feedback questionnaires
both in the knowledge platform itself and at the final event. The surveys in the learning system are
implemented in a way that serves as a prerequisite for completing a course to ensure that much-
needed and valued feedback can be received. These surveys are the main mode of data collection
reported in this paper.

The deployment phase was to demonstrate the SafeFood4EU project and its contents to
stakeholders. Two modes of demonstration were used: a) the UFT SafeFood4EU Conference and b)
an open prototype of the learning management system. In total, 38 industry experts, academicians,
and graduate students were reached.

The final stage was data collection on the relevance and perceptions of the course content and
overall approach, where feedback was collected through an anonymous survey. This feedback was
instrumental in refining the course material and integrating it into a user-friendly LMS. This
prototype test course provided examples of content and delivery style and was evaluated using
qualitative methods, focusing on the effectiveness of the course design in achieving its learning
objectives. Further evaluation was conducted through feedback questionnaires integrated into the
knowledge platform and distributed at the final event, ensuring a comprehensive understanding of
the project's outcomes and performance. The data collection phase was surveyed for feedback
amongst the academicians, industry experts, and graduate students. The questions in the survey
focused on the relevance and perceptions of the course and its COIL-based learning platform. No
personal data was collected in the survey, which was completely anonymous. Due to the high
similarity of results between the English and Bulgarian data, the findings we presented here are based
on the larger English-language dataset (23 respondents), with the understanding that the results
likely generalise to the Bulgarian (15 respondents). References to the questionnaires can be found
here: EN https://forms.gle/9INM9IVVNKZSZrY4ARS; BG https://forms.gle/NybHaqCppTp1HKpm6
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The survey results were displayed using descriptive statistics, which provided some insights
into the perceptions of experts from industry and academia on the relevance and quality of the
project, its curriculum, and its delivery.

4. Results

The results below first highlight the overall SafeFood4EU project results, and this is followed by
the feedback survey results.

4.1. Project Results

Project Result 1: Food Vocabulary Support

A unified glossary of professional terms and guidelines for communication and interaction was
developed to ensure clear communication and collaboration within this interdisciplinary project. This
glossary addresses students' decline in professional language skills and prepares them for the
expectations of the field.

Project Results 2: Curriculum Development:

The project produced a unique, interdisciplinary curriculum addressing sustainable,
decentralised agri-food systems. This responds to food quality, safety, security, fraud, environmental
impact, and supply chain logistics challenges. Key material include:

e  Food Safety: Quality and preservation of raw materials throughout the supply chain.

e  Sustainable Food Supply Chains: Decentralisation methods, supply chain management, and
innovative approaches to reduce waste.

e  Food Raw Materials: Sustainable food production methods, quality and safety of raw materials.

e Soft Skills: Professional vocabulary, communication, digital collaboration tools, and EU
regulatory landscape.

Project Result 3: Online Platform for COIL

To make the curriculum accessible, the project built an interactive online learning platform. This
platform facilitates knowledge dissemination, collaborative learning, and access to resources on
decentralised agri-food systems. Aeres contributed expertise on COIL models to enhance the student
experience.

4.2. Feedback Results

As discussed in the previous section, quality feedback has been an essential part of the project,
and respective tools have been integrated into the knowledge transfer platform provided by Aeres.
Interactive quality feedback surveys were performed —one for the final event attendees and one for
the learning platform users. The survey for course materials users is obligatory for completing each
course. The results of the survey follow.

The figures below present the final event attendees’ survey results. A total of 23 respondents
participated in the English survey presented below (15 Bulgarian not shown)—Figures 1-3 show
demographic information about the respondents. Figure 1. Shows the age range of the survey
participants, with the majority (78.3%) falling within the 30-65 age group.
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® 18-30
® 20-65
© 85+

Figure 1. Age Range of Participants.

Figure 2 shows the occupations of the survey participants, with the majority (65.2%) being
academics.

@ Student (any University)

@ Teacher and/or Researcher and/or Staff
(any University/Institute)

@ Industrial/Business Expert

@ Policy Making Expert

@ Other

Figure 2. Participants' Occupation.

Figure 3. Shows the number of professionals active in the agri-food sector who participated in
the survey, with 82.6% responding affirmatively.

@ Ves
@ Mo

Figure 3. Professionals active in the agri-food sector.

Figure 4 shows the overall impression of the presented learning content, highlighting a 69.6%
excellent impression, a 26.1 % good impression, and approximately a 4 % insufficient impression.
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Most of the survey participants responded with a positive impression towards the project’s
curriculum and results. Also, an overall good score was given to how SafeFood4EU enables the
interdisciplinary, learner-learner, and learner-teacher interaction, which is essential for the effective
transfer of knowledge. In line with this aspect, the respondents overall consider that the courses'
content, design and transfer are optimally well enabling an efficient learning process.

@ Very good
& Good
@ Insufficiently good

Figure 4. Overall impression of the learning concept.

Most survey attendees belong to the active professional group in the relevant interdisciplinary
professional domain of the project, and happily, interested experts from other domains who attended
the final project event answered it. The majority expressed a favourable opinion towards the project
concept and expressed a desire to enrol in a Master's program based on SafeFood4EU (Figure 5). This
shows the value the idea provides and the relevancy of the project's contents to the modern
environment. Concerning the project knowledge transfer approach (Figure 6), the majority (95.7%)
believe that it has successfully delivered adequate interdisciplinary preparation of currently highly
needed agri-food experts and that the team should continue working in the same direction. This
implies that the topics of the project are highly relevant to the European agri-food context and that
there is a need to have future experts who can tackle essential challenges.

® ves
@ Mo

Figure 5. Imagined Course Participation.
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® ves
@ Mo

Figure 6. SafeFood4EU Interdisciplinary Knowledge Transfer Success Assessment.

Figure 7 shows the direction of SafeFood4EU's future development according to survey
participants, with 95.7% favouring the development of a master's program.

@® Yes
@ No

==

Figure 7. Direction of SafeFood4EU Future Development.

Figure 8 shows the overall perception of the SafeFood4EU curriculum and results, with 48%
rating it as positive.

@ FPositive
@ Negative

Figure 8. Overall Perception of SafeFood4EU Curriculum and Results.

The same applies to the project's ability to provide Europe with the necessary knowledge base
to create and prepare high-quality experts (Figure 9).
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@ Yes
@ Probably
@ No

Figure 9. Responses towards the ability of SafeFood4EU to provide the basis for the delivery of quality
experts in the agri-food sector.

Overall, the attitude of the surveyed participants among the learners and the attendees at the
final project event towards the project and its systemic approach in structuring knowledge and
transferring it to the learners has been highly positive in both the English survey results shown above
and the Bulgarian language survey results, with every question receiving a majority of positive
answers. The respondents agree about the project's value to the agri-food sector and the direction the
project is moving. Areas in which significant further improvement can be conducted are learner-
learner and learner-teacher interactions, as well as the courses' content design and transfer for an
even more efficient learning process.

5. Discussion and Implications

The SafeFood4EU project reported in this paper holds promise to equip a new generation of
experts with the skills to tackle the increasingly complex food system issues around food safety and
sustainability like those highlighted in existing work [8]. A user feedback questionnaire was
implemented to evaluate and improve the curriculum. This will continue to be implemented
throughout the course, ensuring its effectiveness and relevance for years to come. The SafeFood4EU
project has received mainly positive feedback from industry experts, academicians, and graduate
students on its content and delivery. The SafeFood4EU project curriculum addresses the economic,
social and ecological areas across food systems, providing insights into improving food safety and
quality, reducing waste across the chain, re-designing food systems through transitions, and
improving efficiency, such as through digital technologies, providing the required skills to address
known challenges in current food systems [35]. The learning management system based on COIL was
also well received, where a large portion of the respondents viewed the online Master's program as
one that may be interesting to them, highlighting its relevance not only to bachelor students [20], but
also to Graduate students like those for whom SafeFood4EU is developed.

SafeFood4EU project was inspired by challenges and trends in the food system for today and
tomorrow. This underpinning need for safer, more sustainable, and decentralised approaches to food
production motivated the development of the course and its content, addressing a wide range of
required supply and value chain practices in sustainable food systems and value chains like food
safety, transparency through digital technology, supply chain relationships, and trust [36]. The
SafeFood4EU project tackles these critical problems facing agri-food, including those identified as
essential areas of focus in the literature, such as security, safety, fraud, unsustainable practices, and
political instability (e.g. conflict). And the environmental burden of global supply chains. Creating
content to support learning and development around such topics can help build capacities in essential
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areas of current and future food systems, to re-organise, control and maintain, and further develop
the system to meet the increasing pressures and address challenges.

The SafeFood4EU project offers several solutions, from a glossary to support agri-food literacy
to advanced course material on safe and sustainable food systems and a unique course on soft skills
to support both industry and academic career paths. The project and its deliverables build on the
basic knowledge of bachelor graduates towards creating higher-level experts, as the curriculum
empowers students to drive change in their respective industries, ensuring food safety and security
and implementing sustainable practices. The program addresses key issue areas and allows (life-
long) learners to understand, respond, and mitigate current challenges and risks, such as food waste,
resource efficiency, and the safety of traditional crops, positioning graduates to respond to current
and future demands. The content developed in the project promotes both traditional values (safe
food, sustainability) and innovative trends (e.g. digitalisation, decentralisation) of food systems, as
the curriculum explores regenerative agriculture practices and digital technologies, leading to
sustainable solutions within the sector.

The SafeFood4EU project has also addressed the need for soft skills in higher education, in this
case, within the agri-food domain. The project's emphasis on professional communication, digital
literacy, and understanding of EU regulatory frameworks equips students with skills that they may
not obtain in similar programs that focus little on soft skills. By developing these skills, the project
offers an opportunity to enhance students' employability and empowers them to become influential
voices in shaping more sustainable and resilient food systems.

5.1. Implications

The project's online learning management system, developed with COIL in mind, offers a unique
learning platform for the students. As time progresses, research, technologies, and best practices must
be updated within the platform to ensure that the content remains engaging, informative, and aligned
with the evolving needs of the agri-food sector.

The project results of such an undertaking offer an opportunity for project partners to develop
relevant joint Master's degrees in sustainable food systems to provide a more focused and specialised
educational pathway for students seeking to deepen their expertise in this field. Follow-up projects
and programs like Erasmus MUNDUS could foster greater collaboration between universities, attract
a broader range of students, and ultimately contribute to a larger pool of qualified professionals
capable of addressing the agri-food sector’s complex challenges.

The project presented above, and similar ones, is an opportunity for enhancing collaboration
between academic institutions and industry partners to bridge the gap between theory and practice.
This can be achieved through internships, research collaborations, guest lectures, and other initiatives
that provide students with real-world experience and expose them to the practical challenges and
opportunities in the agri-food sector. It can also be done through direct project partnerships involving
more food system stakeholders than only knowledge institutes.

The academic content offered by universities, particularly in scientific research and publication,
can encourage more experts to pursue academic careers. This is demonstrated by UNIB's developed
curriculum, which includes a unique course on scientific work, supporting early career orientation,
professional collaboration, and publication activities. By fostering a stronger academic foundation,
the project can contribute to developing a new generation of researchers and thought leaders who
can drive innovation and advance knowledge in sustainable food systems.

Finally, the SafeFood4EU approach can support resilience in education, as it supports the first
stage of resilience, that of resilience preparedness [37]. By being prepared for future global
disruptions, SafeFood4EU not only provides a platform for safer and more resilient food systems but
also for more resilient and accessible higher education.

6. Conclusion

The global and EU agri-food systems and supply chains face tremendous daily challenges that
add significant risk to the safety and security of our food supplies. From climate change to various
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political and social crises to all aspects of sustainability, these are all challenges that future agri-food
experts will have to tackle. With this in mind, the SafeFood4EU project team has provided one way
to face these challenges and issues - by allowing students in the agri-food sector to enrich their
knowledge on many relevant topics in their field, which will enable them to add extra value to their
respective industries, as well as to improve their own skill sets that could assist them in their future
endeavours. The subjects ranged from food safety and supply chain management to sustainable food
systems and their design, food production and quality of raw materials, and digital and soft skills.
Experts from industry and academia validated the relevance of the curriculum developed within the
project and underlined the importance of continuing the efforts towards co-creating Joint Masters in
the interdisciplinary field.

The project and results presented have limitations. The course content was developed by three
universities across three areas. The content may need to be contextualised when moving further away
from the participating regions to respond to the local needs of the market. Also, the feedback (38 in
total, 23 provided here) may not be generalised to the global community of relevant food systems
experts. Further feedback is needed to continue the enhancement and applicability of this project and
for future projects.
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