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The transformation of food systems is one of the greatest challenges in responding to the challenges facing supply chains and rural
economies in European countries. It is also one of the key elements of the European Green Deal and the associated Farm to Fork strategy.
The aim of this article is to present the results of a study identifying strategic areas of research and innovation that can contribute to a
successful transition towards sustainable food systems. The results of the work of an international team, representing Central-Eastern
European Countries (CEECs) and the scientific and administrative sector, indicate the need for fundamental changes on the production
side, supply chain, research infrastructure and on the side of society (consumers), the synergy of which will form the basis for the
transformation of food systems towards sustainability.
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INTRODUCTION

The transformation of food systems is an approach that underpins sustainable development and responds to the
challenges of the resilience of the rural economy, climate change and need for production shift (de Vries, 2021).

Sustainable food systems start with the development of sustainable agricultural practices, the development of more
sustainable food distribution systems, the creation of sustainable diets and the reduction of food waste throughout the
system. Sustainable food systems are at the centre of policy programmes focused on sustainability, such as the European
Commission's proposed European Green Deal (Sonnino et al., 2020).

Food systems (FS) encompass the entire range of actors and their interlinked value-adding activities involved in
the production, aggregation, processing, distribution, consumption and disposal of food products that originate from
agriculture, forestry or fisheries, and parts of the broader economic, societal and natural environments in which they are
embedded (FAO, 2018). The food system is composed of sub-systems (e.g. farming system, waste management system,
input supply system, etc.) and interacts with other key systems (e.g. energy system, trade system, health system, etc.).

A sustainable food system (SFS) is a food system that delivers food security and nutrition for all in such a way that the
economic, social and environmental bases to generate food security and nutrition for future generations are not compromised.

The American Public Health Association (APHA, 2007) defines a sustainable food system as one that provides
healthy food to meet current nutritional needs while maintaining healthy ecosystems that can also provide food for future
generations with minimal negative environmental impacts. A sustainable food system supports local food production and
distribution infrastructure and makes food available and affordable for all. It is also humane and just, protecting farmers
and other workers, consumers and communities.

The European Union (EC, 2020) defines a sustainable food system as one that provides and promotes safe,
nutritious and healthy food with low environmental impact for all current and future EU citizens, in a manner that protects
the environment and its ecosystem services, is robust and resilient, economically dynamic, equitable and socially
acceptable (de Vries, 2021). It does so without compromising the availability of nutritious and healthy food for people
living outside the EU or harming their environment.

Standing Committee on Agriculture Research Strategic Working Group on Food Systems (Niels & Henk, 2019;
SCAR, 2018) has signalled that food systems are of particular interest in MS research policies. Currently, the EU and
global food systems are affected by major challenges such as climate change, its migration, a growing world population,
urbanisation and resource scarcity, in addition to the “triple burden” of malnutrition (undernutrition, obesity, and hidden
hunger), ageing and food poverty. Research and innovation is key to developing high-impact solutions to future-proof
our food systems. There is a need for policy narrative advocating a complex approach to research and innovation on food
systems and connecting producers and consumers, engaging a wide diversity of actors to build innovative and integrated
value chains concerning sustainable farming systems, environmental challenges and human health.
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The aim of this article is to present the results of a study identifying strategic areas of research and innovation that
can contribute to a successful transition towards sustainable food systems. The paper presents the results of a group of
experts and researchers from Central and Eastern European countries working together to identify challenges and research
needs common to countries in this part of Europe. Through this work, research topics were developed that can be considered
as priorities for future research on the transformation of food systems towards sustainability. It is an activity that is intended
to support CEE countries in the correct identification of research needs and strategic approaches, but also to guide the
intensification and targeting of EU R&D support according to the needs of the 11 countries that this study represents.

RESEARCH METHODS

Presented material is based on the results of the Visegrad Group's and Central Eastern EU countries’! cooperation
in supporting analyses related to the development of bioeconomy development strategies under the BIOEAST initiative,
that has been established in 2016 (Juhasz & Vasary, 2017; Véasary, 2019). The founders of the Initiative are the Ministers
of Agriculture of the Visegrad Group countries.

The methodology of research applied in the study is based on participatory action research philosophy often
applied in social sciences (Bergold & Thomas, 2012; Sautier et al., 2017). It is a reflexive process, where the next step is
conducted after a critical analysis of both results and process leading to these results. This approach also helps to bridge
the gap between theory and practice (Moote et al., 1997).

The approach to determine the research challenges and needs, and the main source of data for this study included
round tables and focus groups organised by the Thematic Working Group on Food Systems under the BIOEAST initiative
(Chmielinski et al., 2021; Horvath, 2019), with the participation of the representatives of ministries of agriculture of 11
CEEC countries, and research institutes (Figure 1) under the H2020 BIOEASTsUP project?.

The topics proposed by the group members were discussed, aggregated and debated in a workshop in 2018. The
list of strategic areas and topics ofwere discussed during 2 conferences with active participation of scientists and
practitioners as well as representatives of the Ministries of Agriculture of 11 CEEC countries and representatives of EU
agencies (Chmielinski et al., 2021). The overall research and consultation process lasted from 2019 to 2021 and was
attended by more than 400 people.
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Figure 1. The composition of the BIOEAST Thematic Working Group on Food Systems according to the number,
sector and country

The application of the participatory method to the countries of our region not only allows for a better identification
of the problems and challenges facing food systems in the future, but also makes it possible to relate these problems to
other research conducted at EU level. Such work results in the inclusion of the most pressing problems in EU research
programmes, and this approach was guaranteed by the focus group interview method which was attended by 29 members
of the group. the results of the research were presented and discussed at a workshop, in 2021 (Chmieliniski et al., 2021),

1 the Initiative encompasses 11 countries: Poland, Hungary, Slovakia, Czech Republic, Estonia, Lithuania, Latvia, Bulgaria, Croatia, Romania, Slovenia,
cooperating in the area of strategic approach in R&I for agriculture and bioeconomy development (www.bioeast.eu).

2 Project “Advancing Sustainable Circular Bioeconomy in Central and Eastern European Countries” is a project funded through the European Research
and Innovation programme, Horizon 2020, for the duration of three years (October 2019 to September 2022), see: https://bioeast.eu/bioeastsup/
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which was attended by 109 people. The results were also reviewed in a special session dedicated to food systems
development at an online meeting in September 2021.

The supplementary methods of analysis, report and public statistics data, literature studiesand expert meetings
were conducted in 2019-2021 (including those carried out within the framework of the BIOEAStsUP project) to support
the cooperation of scientists and administrative representatives within the framework of the Food Systems Thematic
Group of the BIOEAST initiative.

RESEARCH RESULTS

Food Systems and the Sustainability — an overview and CEECs context

Food Systems development is a key element of the European Green Deal and its new "Farm to Fork strategy",
aiming to accelerate the transition towards more sustainable and socially just ways of producing, consuming and trading,
while preserving and restoring our ecosystems. It also is in the heart of the successful implementation of the UN
Sustainable Development Goals (SDGs) and Food System R&I Policy implementation at the level of the European
Commission (Galli et al., 2018).

Food systems play a key role in bioeconomy and therefore require the strategic advice and support, as it is stressed
in the Policy Framework "FOOD 2030" and the EU Bioeconomy Strategy (Giuntoli et al., 2020). It should be stressed
that cooperation within the European Research Area, and involvement in the Cluster 6 of Horizon Europe initiatives, as
well as the European Partnerships, are extremely important tools for achieving the common objectives of creating added
value in food systems (SCAR, 2018).

The strategic directions of food systems development in CEECs, discussed by an international team of experts and
scientists from 11 countries, are based on the assumption that in the future they will constitute a fundamental basis for
changing the whole economy, with particular emphasis on sectors based on the use of biomass, a renewable raw material.
The main purpose of sustainable food system is nutritional food production with the respect to the environment and
climate. One important element in this process is response to society needs to ensure that quality and quantity of food
make the solid basis of food security. In this context, the challenges are focused around issues related to demographic
structure, nutritious food delivery issues, and ensuring high levels of food safety and traceability. This includes also the
problem of obesity, hunger and malnutrition reduction, thus helping consumers adopt sustainable and healthy diets to
reduce the incidence of non-communicable diet-related diseases (Kneafsey et al., 2013; Potori et al., 2014).

In this context, research and innovation should take into account the activities to improve society awareness and
practices (scientific evidence and knowledge from a wide diversity of actors) concerning inter alia more sustainable and
healthy diets. It is also important to support different innovation implementation (boosting innovation and investment,
new business models creation) establishment of governance models enabling sustainable and inclusive bioeconomy
patterns, including consumption patterns, market measures and financial models (Bojnec & Fert6, 2009; Lang, 2003).
The foundation of the transformation process is the empowerment of communities and institutions (through closer
partnerships with industry and food producers, markets that function in a responsible manner thereby fostering fair trade
and pricing, inclusiveness and sustainability).

The second element generally influencing positive changes within food systems are natural environment protection
and climate change mitigation. Challenges related to environmental issues are mainly stopping natural resources
reduction, natural resources conservation and use within the planetary boundaries, as well as building climate smart food
systems, while maintaining the biodiverse ecosystems (Wrzaszcz et al., 2015).

Action on food systems includes the need to map the interactions between the different components of current food
systems, such as the interactions between food, biodiversity and water systems, to maximise co-benefits, accelerate transition
and to better mitigate the climate change. This includes pointing to the need for a solid R&I background to build climate
smart and environmentally sustainable food systems adaptive to climate change, which conserve natural resources, and
implement resource-efficient circular economy principles, while reducing environmental footprint (Zegar, 2021).

This also requires the provision of resilience and sustainable biomass production systems while ensuring the
functions of balanced ecosystems with greater carbon sequestration and biodiversity conservation (Chmielinski, 2021;
Niels & Henk, 2019).

Finally, the third general element in understanding the sustainability of food systems is understanding of complex
adaptive food systems at different levels and ensuring the multi-level approach to food chains analysis (El Bilali, 2019).
The main challenge is to ensure diversity in food systems (production, processing, packaging, logistics, distribution,
consumer), better organisation of short chains, to improve agricultural practices (production diversity, sustainable
production, precise practices) as well as circular solutions and waste management (reducing environmental footprint, food
losses, resource-efficient solution implementation) (Bojnec & Fert6, 2015; Potori et al., 2014).

Four Strategic areas of the research and innovation for the sustainable food systems transformation in CEECs

Using participatory techniques (roundtables, focus groups, interviews), a broad catalogue of issues was narrowed
down to the main four strategic axes around which policies can be developed, partners mobilised and the transformation
of food systems in CEECs supported (Figure 1).

A bottom-up stakeholder driven approach for defining synergies and complementarities between the agricultural
sectors of CEE and the main challenges for food system research and innovation are defined in relation to four main areas
related to sustainable food production, food chains, research infrastructure and consumer awareness (Chmielinski et al., 2021).
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In particular, the four main areas identified by the participants in the study, which constitute the strategic areas of
the research and innovation for the sustainable food systems transformation in CEECs in the future, are presented below.
Each of them contains a number of specific issues, the scope of which is discussed below. At the same time, each of the
analysed areas is strongly supported by the literature, hence the empirical analysis has been enriched with references to
studies that essentially support it. In this way, the practical exercise from which the set of development kirks needed was
derived and identified was supported by evidence.
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Source: Own compilation based on Chmielinski et al. (2021)
Figure 1. Strategic areas of the research and innovation for the sustainable food systems transformation in CEECs

Sustainable Food Production

The first of the identified impact areas for improving the organisation's livelihood systems is to support sustainable
food production. This approach emphasises the need to ensure sustainable food production by human and financial
investment in innovation, skills and technology shift. Fundamental transformations in the activities of agricultural
producers require inputs that would change current agricultural production practices, stimulating reduction of use and risk
and dependency on pesticides. This would enable better quality biomass to be used extensively in other sectors of the
(bio)economy, from which the demand for new, biodegradable or biomass-based materials, such as the production and
use of bioplastics, is increasingly strong. The new approach to the use of biomass, on the one hand, reduces its waste in
primary production and, on the other hand, allows for the gradual elimination of materials that are currently at the heart
of the problem with rubbish and its management.

For primary production, a need has been identified to optimise the harvest for the applied processing technologies
and reduce food waste by finding the best use of the raw materials and by-products. This is relevant not only at the level
of one farm but also along the chain, where due to the complex organizational structure, the process of the efficient
management of food flows and handling is a big challenge. Excessive quantities of products in the market as well as
longer distribution and logistics channels result in the increasing losses and waste of food worldwide. This phenomenon
is observed at all the stages of the food supply chain “from field to table”, starting from the primary production, through
processing, sale, catering, distribution, down to households, that is confirmed by Bilska et al. (2016).

Power and information in the food system: strengthen the food environments and vulnerable actors in the food chains

Another issue of food systems development is power and information, i.e. strengthen the food environments and
vulnerable actors in the food chain. The relations between its actors and the power they represent in the fair distribution
of benefits, makes the third area is research and development challenges. It means also promoting sustainable short food
chains, organic farming, initiatives and new green business models in food processing, wholesale, retail and food services,
what is line with the recent studies (Chmielinski et al., 2019; Jolink & Niesten, 2015). To this end, institutional changes
are required to educate effective systems to tackle food fraud along the food supply chain (Montanari et al., 2016), as well
as development of information hubs to connect primary producers with potential customers, see: (Bachev, 2020).
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Research, innovation, technology and investments for future sustainable food systems

Another framework issue on the way towards sustainable food systems is the correct and modern organisation of
science as a basis for good monitoring and support to policy planning. First of all, the need for a system of environmental,
biodiversity and natural capital observation was identified, based on the search for new data to better describe changes in
food chains as well as relations between actors, but also the growing role of values, beliefs and consumption patterns in
society, which determine the demand for new products and services. This includes the need for advanced statistical
techniques and food system dynamics modelling as well as risk management at global, EU, national and local level.
Subsequently, the role of the research and innovation sector is to translate research results well towards application both in
public administration and (above all) by producers, thus it is important to involve science more closely in the agricultural
advisory system in order to enhance the competences of those who decide on the structure of production or on the techniques
and means of production used. One of the key elements for improving the relationship between science and practice is to
further support the development of digital techniques for acquiring research material, processing it and using the research
results in practice. Digital technologies make it possible to create knowledge resources that can be widely disseminated,
ensuring easy access, also from traditionally disadvantaged areas located marginally in relation to centres.

On the other hand, an essential role of science is to help a better understanding of planetary boundaries, to help
understand the complex system of interrelationships between nature, human activities, food production, and their
importance in culture and the organisation of social life, what in litrerature is stressed byWebb et al. (2020). A holistic
and global approach is required to well define the goal we are aiming for as a society, scientists, administrations and all
actors in the food chain.

Promoting sustainable food consumption and the shift to healthy, sustainable diets

The proposed approach pays great attention to promoting sustainable food consumption and the shift to healthy,
sustainable diets. Actions to influence consumers (i.e. society) must be designed to seek a change in consumption patterns,
greater awareness of the impact of diet on health, responsibility in terms of the quantity and quality of food consumed
and smart household waste management (see Slorach et al. (2020)). These actions require the involvement of consumers
in the whole process of transfomation of food systems, but also on the side of producers. In this context, there is a need
for reformulation of processed food, including the setting of maximum levels for certain nutrients, monitoring framework
for responsible business and marketing in the food supply chain (Hinrichs, 2000). This also includes revision of EU
marketing standards for agricultural, fishery and aquaculture products to ensure the uptake and supply of sustainable
products. In addition, a good educational framework for sustainable food use and the shift to sustainable diets (eg. new
nutrient profiles to restrict promotion of food high in salt, sugars and fat) is needed. Changing consumer awareness and
behaviour is a key driver of change in food systems, as consumers influence the structure of demand and are therefore
most effective in changing the production profiles of companies (Chmielinski et al., 2021).

CONCLUSIONS

This paper presents the results of a participatory approach to identifying challenges facing food systems in Central and
Eastern European countries, developed by a group of scientists and representatives of public administration and farm advisory
services working within the thematic working group of the BIOEAST initiative. The period of work covered 2019-2021 during
which the groupworked together to identify areas and research topics that could lead to policies to better exploit the potential
of the research and innovation sector in CEE countries to support their transformation towards sustainable food systems.

These works led to distinguishing four main priority axes related to the need of joint actions of science and
administration in the macroregion, related to sustainable food production, food chains, research infrastructure and
consumer awareness.

Within these four strategic areas, specific research directions have been defined, inter alia related to the need to
improve knowledge, skills of farmers, access to information and positioning in the supply chain, but also to support the
development of scientific infrastructure, statistical bases and research methodologies for a better understanding of food
systems, as well as activities to change consumer attitudes towards nutrition and more aware choices related to food, diet
and responsible consumption, among others. These directions coincide with the recommendations arising from the
analysis of literature on, inter alia, innovation, nutrition, consumption, sustainable rural development and agriculture.
Around these axes, work is being carried out to create a research and innovation strategy, which would help to support
both scientific research and better use of its results in the activities of the administration, following the principles of
evidence-based policy making for sustainable food systems development in CEECs.
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