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FOREWORDS
Dear readers,

| am pleased to introduce to you a collection of scientific papers presented during the
international scientific symposium “Sustainable, resilient and fair food systems in the
EU and globally,” organized by the Faculty of Economics and Management of the
Slovak University of Agriculture in Nitra, Slovak Academy of Agricultural Sciences and
the Union of European Academies for Science Applied to Agriculture, Food and
Nature (UEAA) in Bratislava and Nitra on October 6 and 7, 2022.

The main topics of international scientific symposium “Sustainable, resilient and fair
food systems in the EU and globally,” were related to sustainability issues in
agriculture, food marketing, distribution systems and production systems both at
national level as well as at local regional level. The sustainable food systems are one
of the flagship initiatives of the Farm to Fork Strategy, which will be adopted by the
Commission by the end of 2023. The main objective is to promote sustainability issues
in all food-related policies and foster its resilience at EU level and national level. The
symposium provided platform for presentation of research papers of experts coming
from Slovakia and other European countries, with special attention devoted to Young
scientists.

Dear readers, | hope that the collection of symposium research papers in proceedings
will provide you inspiring ideas for further reading and valuable knowledge and
information regarding sustainable food systems, which are fair and resilient.

Dr.h.c. prof. Dr. Ing. Elena Horska
Dean of the Faculty of Economics and Management,
Slovak University of Agriculture in Nitra
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Analysis of the development of the wheat price as an important agricultural
commodity

Zuzana Bajusova’, Dominika Ceryova® Jana Ladvenicova®
Slovak University of Agriculture in Nitral?3
Institute of Economics and Management
Tr. A. Hlinku 2
Nitra, Slovakia
|1,2,3:

e-mai zuzana.bajusova@uniag.sk, dominika.ceryova@uniag.sk, jana.ladvenicova@uniag.sk

Abstract

Wheat is a key commodity that is traded on all exchange in the world. After corn, it is the second most
cultivated crop in the world. In the V4 countries, it is one of the main crops included in rotation of
crops because it doesn’t require a higher need of human labour of special agrotechnical procedures,
and its price can cover production costs. This paper is about analysis of the development of wheat
prices in the V4 countries from 2011 to the present. Price is one of the important attributes that affects
the production or profitability of this commodity. Market prices in countries are based on the Marché
a Terme International de France (MATIF). Among the important factors that affect the price of wheat
are weather forecasting in the world, which significantly affects the harvest, the exchange rate of the
euro to the dollar, the price of oil-seed rape, the prediction of the harvest from the corresponding
institutions, world production, consumption and stock affecting the demand and supply of the given
commodity, singing and terminating contracts, trade agreements, etc. In the years 2011 - 2014, the
minimum price of wheat was at the level of €176.50/t. During the year 2021, a new price maximum
was recorded, when wheat cost €313.5/t in November, which was affected not only by inflation, but
also by the increase in energy prices. The conflict between Russia and Ukraine contributed to new
price records, when in March 2022 the price reached the level of €450/t. From the point of view of the
V4 countries, the average price for the analysed period was the lowest in Slovakia (€168.20/t) and the
highest in Poland (€178.03/t). The price premium represents the difference between prices on the
MATIF and physical prices on the market. Based on the quantification, we conclude that the highest
average price premium among the V4 countries was in Slovakia (€28.59/t) and the lowest in Poland
(€16.60/t). The price of wheat mainly affects the price of flour, where 70 — 80% of production costs
are consisting of the price of wheat. Support schemes are one of the compensations for the high prices
of raw materials and energy.

Keywords: price, price premium, V4 countries, wheat

JEL Classification: Q02, Q10, Q11
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1. Introduction

The agriculture in Slovakia has undergone significant changes, not only in terms of its position in the
national economy, but also in terms of its importance at the regional level. The agricultural subsidies
are an essential aspect of agriculture and play an important role in international trend (Krav¢akova
Vozarovd & Kotuli¢, 2016). Grains are the mainstay of crop production in Slovakia. Their share in gross
agricultural and gross crop production is increasing every year. In the years 2017-2019, they
participated in the gross agricultural production on average 27.4% and in the gross production of crop
production 44.7%. The decisive commodity is wheat, the share of which reached an average of 21.8%
of gross crop production. It is grown in all production areas and regions in Slovakia, the most
productive region is the Nitrian region (Jamborova, 2021). The harvested area of wheat in Slovakia
reached 387.1 thousand ha in the economic year 2020-2021. The average yield per ha of wheat was
5.51 tons. The average prices of all grains decreased by 2020 compared to 2019, the average price of
food wheat was 152.26/t € and industrial wheat 137.30/t €. Grains are further processed by the mill,
malting, distillery, starch, and feed industries. The produced products are sold on for processing to
the food industry, trading companies and final consumers (Grains — Situation and Outlook Report,
2021).

Grain production is one of the most crucial branch of Polish agriculture. Poland has a second place in
the EU in grain production. For years, national demand for grains oscillated between 26-28 mil. tons.
(Gorlach et al., 2018). Hungary is traditionally an agricultural country, and the agricultural sector is
still a dominant one in the economy. On a global scale wheat is one of the most important grain
products both globally and in Hungary as well. During the past years wheat has the second biggest
volume after corn on the local market (Szerb & Csima, 2016). The area used for wheat production
purposes occupies 22-26 % of Hungarian arable land. The other crucial component of production is
yield, which has increased significantly, by almost 45 % over the last 11 years (2010-2020) (Mizik &
Maté Radai, 2021). Wheat production reached 4,902.5 thousand tones in 2020. Even in the Czech
Republic, wheat is the dominant crop on the cereal market, accounting for 60.3% of all grains. In the
economic year 2020/21, the area planted with wheat was 798.6 thousand ha. The average total yield
was 6.14 t/ha (Grains- Situation and Outlook Report, 2020).

The EU is a major player in the global wheat market. Paper of authors Dawson et al. (2017) examine
the pricing behaviour of EU wheat exporters using a pricing to-market (PTM) analysis. Over the last
decade, commodity prices have registered substantial booms and busts marked by extreme volatility.
Wheat in particular, one of the main nonoil commaodities, has registered a roller coaster in price levels
which seems to be inconsistent with supply and demand fundamentals (Algieri, 2014). According to
the latest FAO-AMIS (Agricultural Market Information System) outlook, agricultural commodity
markets have been volatile in light of this year, with prices reaching record highs due to low global
grain stocks, but also due to geopolitical risks (military conflict in Ukraine). Dry weather, high energy
and transport prices also have a negative impact. The current price of wheat on the 7/10/2022 MATIF
Paris exchange was €351.25/t (Cereal Growers Association). Shaping of prices of agricultural raw
materials results from the impact of wide range of factors that influence prices in different links in
the marketing chain. Political changes, especially sudden ones, which abruptly changed farming
conditions, were on of the reasons for the asymmetry in price transmission (Kusz, Kusz & Hydzik,
2022). However, the prices of commodities are influenced by the set of different variables, i.e., supply
and demand factors. The empirical results indicate that the main price drivers of wheat are crude oil
prices, exchange rate and stock of wheat lagged one period (Alekneviciene & Bendoraityte, 2015).
The results of grain production have a significant impact on the volume and profitability of the whole
agricultural sector and, consequently, on the performance of the national economy (Vincze et al.,

9 https://doi.org/10.15414/2022.9788055225579.8-19
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2020). The analysis, using a two-sector econometric model, indicates that output and stock-holding
of major exporters like USA, Canada and Australia hold large implications for the stability of world
wheat markets (Sekhar, 2003). The warming of the climate and shrinking freshwater resources pose
serious challenges to European agriculture. However, a major part of the Mediterranean and the
Carpathian-Balkan regions and Eastern Europe recorded the driest soils over recent decades. Summer
half-year moisture declined across almost the entirety of Eastern Europe, threatening the
reproductive stage of wheat and maize vegetation period (Pinke et al., 2022).

Climate change poses complex impacts on the global wheat supply and demand chain. The impacts
of climate change on average wheat yields are reasonably well studied. Zhang, et al. (2022) show that
future global wheat prices will exhibit steeper spikes at 2°C global warming despite a 1,7% increase
in production given that CO2 fertilization benefits crops. Such economics stresses could be abated by
trade liberalization with lower prices. In modern wheat management it is necessary to harmonise the
agroecological, biological and agrotechnical elements to increase the yield quantity, quality and
stability, and to decrease the harmful environmental effects (Pepo, 2001).

2. Data and Methods

The main goal of the contribution is price analysis on the MATIF market, analysis on local markets in
countries V4 with evaluation of price premiums, analysis of the impact of fundamentals on the price.
Research is made in the period of 2011 to year 2020, i.e., in a ten-year period. Due to the need for a
lot of data, the information is drawn from several secondary sources. These are data from Research
institute of agricultural and food economics, Statistical office of V4 countries, EUROSTAT. Mainly
mathematical-statistical methods, synthesis, analysis for the needs of describing changes in
indicators during the monitored period as well as the method of comparison are used to evaluate the
price development. Due to the timeliness of the data and the need for specific information, specialist
monthly articles were used from professional databases available online and websites from relevant
sources, whose content is also in line with the topic addressed. The graphs and calculations were
made using the platform of portal investing.com.

- simple individual indexes, namely basic and chain:

, q4; _pj . q; pj

lijg=— or— lijji-q =—— or—— 1
j/o qo Do Ji—1 qj-1 Dj-1 ( )
- variation ranges for expressing the difference between the maximum and the minimum

- absolute changes to determine the differences between individual years:
Ay =yt — Ve t=2,..,n (2)

- moving averages used to determine the trend:

(Py+Py+-+Pp)
n

MA = (3)

- price premium indicator in €:

CP = stock-exchange value - price on the market (4)
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3. Results and Discussion

In the case of analyzed countries, the harvested area of wheat depends significantly on the size of
the country's territory, as due to localization, the countries have relatively similar conditions for its
cultivation. Thus, we record the highest harvesting areas in the case of Poland, where wheat areas
occupy an average of 2,336.63 thousand hectares over the course of ten years. It is a significantly
higher value, which is why a second vertical axis is also used in the in Figure 1 to describe the values.
Hungary is the second largest country among the V4 countries by area, and for that reason, wheat
areas in Hungary occupy an average of 1004.18 thousand hectares, which is 1332.23 thousand
hectares less than in the case of Poland. In the Czech Republic, the area of cultivated wheat is spread
over an area of 830.32 thousand hectares, and in the case of the Slovak Republic it is approximately
2.3 times less, where the average area of wheat is located at 358.94 thousand hectares. In the case
of Poland, also due to the size of the hectare areas, we record the highest average year-on-year
increase in the harvesting area by 23.65 thousand hectares. It is an average year-on-year change of
1.1%. Evidence of the increase is also given by the linear trend line, which clearly shows a progressive
development. During the period, the areas in Poland increased by 212.85 thousand hectares, which
is a change of 9.42% compared to the initial year. The relatively stable development of areas is
measured in the Slovak Republic, where the average year-on-year growth during the period shows a
growth of 230 hectares per year. However, the difference between the initial and final year is not
large, as the value in 2020 is higher by 2.04 thousand hectares. The highest year-on-year increase in
areas is observed between the first and second analyzed years, when the areas increased by 26,590
ha. We recorded the highest year-on-year decrease between 2016 and 2017, when wheat areas
decreased by 43,190 ha.

Figure 1: Development of wheat harvesting areas in V4 countries
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Source: own processing (Eurostat)
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The figure below shows the development of monthly wheat prices on the MATIF exchange with the
opening, closing, lowest and highest prices for the analyzed period. Commodities are very volatile
assets, as reported by the standard deviation of average monthly prices at the level of 38.46.
According to the analyses, the development of wheat prices is developing progressively based on the
average month-on-month price increase of 1.06 €/t, which represents an increase of 0.6%. During
the period, prices increased by 141.63 €/t. However, high average monthly prices were achieved both
in the initial period of the analysis and in the final period of the analysis. Therefore, if we analyze the
average minimum and average maximum value from the file, we find that the difference is 263.63
€/t. If the average values are omitted, the difference between the maximum and the minimum in the
set is 310.5 €/t. In the Figure, it is possible to observe the development of the moving average over
12 periods, in our case over a year. The indicator is in the growth phase 55% of the analysed time,
based on which we can state a progressive price development.

Figure 2: Development of the moving average indicator for monthly wheat prices
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w ‘ M “' ﬁl \ y X“ 22000
. h‘ M

|/ M . ﬁ Wﬂt—m" | ‘1

2011 2013 2015 2017 2019 2021 2023

Source: own processing (investing.com)

In the initial years of the analysis, i.e., in the years 2011-2014, monthly wheat prices moved in one
price channel, which formed the minimum price at the level of 176.5 €/t and the maximum price at
the level of 283 €/t. We can observe the resistance level in Figure 3 labeled 2. The resistance was
reached in February and May 2011 and in November 2012, while the maximum price was also
reached in these periods. On the contrary, the support level from October to December in 2011 and
also in August 2013. The support level is marked with the number 1 in the picture. As you can see,
the change occurs in July 2014, when the support line was cut and there was a downward trend with
recoveries until March 2016. A significant decrease occurs between May and September in 2014,
when the average monthly price of wheat decreased by 42.75 €/t. However, from October to

12 https://doi.org/10.15414/2022.9788055225579.8-19
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December 2014, the price recovered by 31.63 €/t. Between January and May, respectively May and
July 2015, price variability occurs downwards, but also upwards. However, the changes between July
2015 and September 2016 are significant, when the price per ton decreased by 67.25 €/t. Very low
prices have been reached since September 2015, which are marked in the Figure with the label 3. In
September 2016, the price minimum for the entire set was reached, when wheat was traded on the
MATIF exchange at a price of 139.5 €/t. During this analyzed period, prices were mainly influenced
by the amount of wheat production in the world, when it was possible to achieve record growing
results several times in a row. In particular, based on this, we could observe a downward trend. The
slight recovery during this period was mainly caused by the Russian-Ukrainian conflict and also the
introduction of an export tax on crops in Russia, which is a major exporter of wheat. From the price
minimum in 2016, it is possible to state a growing trend of development until the end of the analysis.
It is obtained by deduction, when the picture shows a growing trend of significant minimum prices in
individual periods. The minimum price in September 2017 was 147 €/t, in September 2019 it was
151.25 €/t, in March 2020 it was 170 €/t and in July 2021 196.25 €/t (the development is shown in
Figure 3). During the development of the period, a new support and resistance line formed by lines 3
and 4 was also formed. We can notice that the minimum prices in 2017 and 2019 are located near
this line, while the downward trend in these periods turned in favor of growth. Also, line 4 extends
from the period from 2014 to 2020, when after approaching the lines, the trend turned into a
downward phase. The crossing of line 4 is recorded only in 2021, when the resistance line became a
support line. Wheat prices started in 2017 with a positive trend that was carried throughout the
entire three-quarters of the year. During this period, the minimum wheat price differed from the
maximum by 17.75 €/t. However, in the fourth quarter, under the impression of strong harvests in
the main regions of the world (especially a record harvest in Russia), the price of wheat weakened
significantly and returned to the lows from the beginning of the year. On a monthly basis, the
minimum differed from the maximum by 32.5 €/t, so a more significant decrease can be noted. From
the beginning of 2018, the price increased again until the summer, but this time more significantly.
The variation margin was 65.5 during this period, so it was 47.75 higher than the previous year. In
the period of nine months in 2019, prices decreased by 56 €/t, which was caused by favorable
production in the EU, above-standard production in Ukraine and also decent results in Russia. A more
significant price drop was recorded in March 2020, which was caused by the pandemic. However, this
slump was not long-lasting, and the response of the food supply of the countries and the people
raised the wheat prices again in the pre-harvest period. After a slight drop in prices during the
beginning of the pandemic, the price of wheat entered an upward trend, when the variation range
between March 2020 and January 2021 was 70.25 €/t, which indicates a high increase in prices during
this period. In the period during the beginning of 2021, there was a crossing of line 4 and the
resistance became a support line from which prices reflected upwards.
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Figure 3: Development of wheat prices from 2011 to the present
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As mentioned, wheat prices on the markets of individual European countries are strongly influenced
by price developments on the French MATIF exchange. The proof is shown in the Figure 4, which
shows the development of average market prices for individual years from the beginning of the
analysis in 2011 to the end of the analysis in 2021. The graph shows a similar course of prices in the
analyzed markets, while the individual prices in the markets are not the same. If we proceed to the
analysis, we will find that the highest average prices for the analyzed period are in Poland at the level
of 178.03 €/t, in Hungary at 174.11 €/t, in the Czech Republic at 172.38 €/t and the lowest are in
Slovakia at the level of 168, 20 €/t. Compared to Poland, prices in Slovakia are on average 9.83 €/t
lower, which puts Slovak farmers at a significant disadvantage in terms of economic results. We
recorded the highest volatility of prices in Hungary, when the standard deviation was at the level of
26.87, resulting in the highest variation margin at the level of 79.9. The lowest standard deviation is
measured in Slovakia at the level of 24.66 with a variation range of 70.27. However, the lowest range
of variation was not in Slovakia but in the Czech Republic, where the measured value was 68.3.
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Figure 4: Development of wheat prices on markets in V4 countries from 2011 to the present
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Below we can see the price development on the MATIF exchange compared to the monthly
average prices on the markets in the V4 countries. We can observe significant trend copying from the
MATIF exchange, noting the price differences between market and exchange prices. To prove the
dependence of the prices of the V4 countries with the prices on the stock exchange, we calculated
the correlation coefficient for individual countries. The highest dependence is observed in Hungary
(91.4%), Poland (91.03%), Slovakia (85.78%) and the Czech Republic (84.26%). Based on the
calculation, we can state a high dependence between stock exchange and market prices. The
aforementioned difference between the prices on the MATIF exchange and the price on the market
is called the price premium. The price premium is made up mainly of transport costs. The highest is
precisely during the harvest when the storage units are filled the most. For each country, this
indicator is different, while it depends on the location of the state, the level of consumption and the
level of exports of the given state. Therefore, if the state is a priority exporter, this will be reflected
in the amount of transport costs and the price premium is higher. Throughout the period, exchange
prices appear to be higher than domestic market prices. When studying in more detail, we see that
there are periods when market prices in countries are close to stock exchange prices or even subtly
exceed them. These periods mainly occur with a sharp drop in prices on the stock exchange when
domestic market prices react later to stock market developments.
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Figure 5: Comparison of average monthly wheat prices on markets and on the MATIF exchange in
V4 countries from 2011 to the present
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Based on the calculations, we conclude that the highest average price premium is in Slovakia (28.59
€/t), the Czech Republic (24.41 €/t), Hungary (22.68 €/t) and Poland (16.60) €/t). The difference in
premiums between Slovakia and Poland is 12 €/t. The difference between exchange prices and prices
on the domestic market is subject to considerable seasonality during the year, which emerged from
the analyses. The price premium is the least advantageous immediately after the harvest, when there
is enough commodity on the domestic market, while this premium is gradually adjusted in favor of
the farmer. We show seasonality in Figure 6, in which we capture the average values of price
premiums in individual months for the period from 2011 to 2021. The highest average values are
reached in the month of November, when the average price premium for that month in Slovakia is
38 €/t. The maximum values are also reached in the Czech Republic at the level of 33.6 €/t. In Hungary
and Poland, the maximums are reached during the summer months. Hungary —July (36.2 €/t). Poland
— August (28.7 €/t). Already according to the maximum values, the order of the states can be seen, in
which are arranged based on the amount of the price premium. At the same time, it is possible to
observe a decrease in the price premium approaching the minimums reached in the pre-harvest
period, when warehouses are the emptiest. Based on the average values in individual years, the
lowest values of the difference between exchange and market prices are reached in June 17 €/t in
Slovakia, 12.6 €/t in the Czech Republic and 8.8 €/t in Poland. In Hungary, the lowest average values
of the price premium were reached in March at the level of 13.3 €/t. From the point of view of the
development of the amount of the price premium, it is worthwhile for the farmers to keep the harvest
in the warehouses, if possible, in order to achieve the best possible economic result. However, this
can be problematic in terms of the need for finance for further operation or in terms of storage costs.
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Figure 6: Comparison of price premiums in V4 countries based on average values achieved in the
months from 2011 - 2021
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4. Conclusion

Agricultural production is therefore one of the jobs, with the most specific productions in national
economy and at the same time is one of the most important productions ever outputs from it are an
integral part of meeting the needs of the population, without which the company would not be able
to function properly. Amount of production in individual years it does not depend only on the amount
of production factors or on their quality, but also on the factors on which man does not have the
reach and abilities to influence them, such as climate conditions that have a very high diversity in
Slovakia. It is also important biological nature of agricultural production, when individual processes
can be carried out only at a certain specific time depending on the change of seasons.

In conclusion, it is essential to mention that we are experiencing high price volatility, which is caused
by pandemic-related measures that have increased inflation. In such periods, investors try to protect
their capital from depreciation, and it goes precisely to commodities, which pushes prices upwards.
It is also important to note that a new price maximum was recorded during 2021, when wheat cost
313.5 €/t in November. Not only inflation, but also the sharp increase in energy prices contributed to
the record increase in commodity prices, as many of them are linked to the production of biofuels.
We should also not forget the exchange rate of the euro against the dollar, when it strengthened the
dollar against the euro and that helped European wheat, which was cheaper. After the highs in
November, there was a downward trend until January 2022. However, prices do not only respond to
technical analysis, but also to fundamental analysis, which determined the next price trend. Russia
and Ukraine account for 29 percent of the world's wheat exports, so their conflict contributed to new
price records, when the price of one ton of wheat increased by 72% in one month. A new price record
was thus achieved, when the maximum was reached in March 2022 at the level of 450 €/t. Due to
the unclear situation on the market, further price development is questionable and will depend
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mainly on the development of individual partial foundations. If it weren't for the current war situation
in Ukraine, wheat prices would probably go down, since inflation is at its peak and individual central
banks should soon suppress inflation with a stricter monetary policy, and this would lead to a
decrease in prices. However, with significant restrictions on Russia, expect that Russia will not be very
willing to export wheat to the world. The harvest in Ukraine is also at risk due to the delay in spring
work, which is complicated by the war. If the war continues during the year, the world can expect a
significant reduction in production in Ukraine, which could lead to further price increases in the event
of a lower wheat harvest in the world.
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Abstract

The transformation of the Romanian food system into a viable, pliable, answerable, varied,
competing and inclusive system is a need. The paper presents the results obtained in the Romanian
Policy Lab study of evaluation of the Romanian food system status and the identified priorities for
change. The aim of ‘Policy Labs’ is to increase and align public/private R&I policies/programs on food
and nutrition security, building on and expanding existing national/regional networks. Firstly, a SWOT
analyse was conducted to identify the challenges, strengths, weaknesses and opportunities as well
as barriers that can be met during the process. Secondly, a “Trends cards” exercise was organised
with relevant stakeholders from the food chain to understand the main trends, which will influence
the food system in Romania in the next 10 years in order to elaborate recommendations and suggest
solutions for actions in building an updated food system. The trends exercise was applied for the four
Food2030 priority areas: 1. Nutrition and health, 2. Climate and sustainability, 3. Circularity and
resource efficiency and 4. Innovation and communities. A large group of stakeholder’s
representatives (food industry (n=27), research (n=6), university (n=2), food education (high school
level n=5), food associations and platforms (n=4), NGOs (n=2)) took part to this activity. Thirdly, a
Vision of the Romania food system for 2030 and beyond exercise was conducted with more than 70
stakeholders from the entire food chain to conclude on Research & Innovation priorities. Two
roadmaps were drafted: one for food safety and one for food waste (including food plastics) including
the main actions to be implemented and the responsible organisations. The results of the study
revealed the R&I actions needed, some idea, opportunities and development of recommendations
for the new research programmes and the new Strategy for research at national level.

Keywords: food system: challenges, trends, SWOT analysis, R&D priorities
JEL Classification: Q18: Agricultural Policy ® Food Policy, L66: Food ® Beverages ® Cosmetics ®
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1. Introduction

The concept of food system has progressed over the decades. The food system covers the
entire framework of food chains from growing, harvesting, processing, production, packaging,
marketing, transporting, marketing, utilization and removal of food and food-related products.
If in the past, policies related to food focused on primary production and on consumption,
nowadays a more holistic approach is necessary, as shown in Science Advice for Policy by
European Academies (SAPEA) (2020) document and mentioned by Okpala (2020), to
involve: governance, human participation, environmental, nutrition and health and social
aspects. The following definition of food systems was adopted as mentioned in European
Commission-Staff Working Document (EC-SWD) (2016): “The definition of food systems
goes beyond the production and delivery of sufficient food for all (quantity) to include the
provision of safe and nutritious food for healthy and sustainable diets".

Food systems are also heavily globalised and interdependent as shown in the documents
elaborated by European Commission, Directorate-General for Research and Innovation, Unit 03 (EC-
DGRI), Chief Scientific Advisors—SAM, EGE, (2020) and the EU imports significant quantities of food
and feed from third countries being also an important exporter of food products based on the data
from Eurostat (2020).

The global drivers of food system change to 2050 are presented by World Resources Institute (WRI)
(2020): growing world population to 9.7 billion which will impose an increase in global food
production up to 70% and the agriculture will have to support the economic and social development;
ageing population which will bring significant social transformations with implications for nearly all
sectors of society, including the demand for specific goods and services as shown by United Nations
(UN) (2020); malnutrition; biodiversity loss; antibiotics and pesticides use; climate change; water
scarcity; animal welfare; land-use conflicts. Moreover, the food system has some values such as:
sustainability, affordability, accessibility, diversity, inclusiveness, power balance, competitiveness,
innovative capacity which are not entirely valorised and the system has not a proper functionality.

1.1 Food2030 Policy

Food2030 is the EU research and innovation policy response to the recent international policy
developments including the Sustainable Development Goals (SDGs) and COP21 (2015 Paris Climate
Conference) commitments (http://www.cop2lparis.org/about/cop21/, 2015). The Food2030
framework as shown in the documents of European Commission, Directorate-General for Research
and Innovation (DG-RTD), Directorate F-Bioeconomy, Unit F.3—Agri-Food Chain, (2017) is built on the
following four key Food and Nutrition Security priorities: “Nutrition for sustainable and healthy diets”,
“Climate smart and environmentally sustainable food systems”, “Circularity and resource efficiency
of food systems”, “Innovation and empowerment of communities”.

The objective of the three-year Fit4dFood2030 Horizon 2020 project launched in 2017 is to create a
sustainable multi-stakeholder platform that connects food stakeholders and will support the urgently
needed transformation of research & innovation on food and nutrition security by providing a
network of instruments for the adoption of a food system and Responsible Research and Innovation
approach to R&I. For this purpose, three interlinked instruments were developed: EU Think Tank,
Policy Labs and City Labs.

The Romanian Policy Labs exercise will be presented in the following chapters. The aim of ‘Policy
Labs’ is to increase and align public/private R&I policies/programs on food and nutrition security,
building on and expanding existing national/regional networks (Fit4Food2030 project, 2018,
www.fitdfood2030.eu).Your paper will be part of the conference proceedings.
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1.1.1 The Romanian Policy Lab

The Romanian Policy Lab was set up within the framework of the Fit4Food2030 project in November
2017, with the support of the Ministry of Research and Innovation, The Academy of Agricultural and
Forestry Sciences "Gheorghe lonescu-Sisesti" and The National Institute of R&D for Food
Bioresources IBA Bucharest. The Policy Lab action aims to bring together important actors such as
stakeholders, decision-makers in the fields of food, nutrition, health, to analyse the current situation
of the entire food chain and to define the weaknesses in knowledge, opportunities and the need to
design appropriate research and innovation policies.

According with The National Rural Development Programme 2014-2020 (MARD, 2014)
which covers the entire territory of Romania, 61.3% from the land is agricultural land (approx.
14.6 mil. ha, of which 64.2% arable land, 32.9 % meadows and natural grasslands and 2.7%
plantations of trees and vineyard); 28.3% forests and other forestry vegetation lands; 10.4%
the built area of the localities, waters, roads, railways and unproductive lands

The food industry in Romania is having a turnover of about 12.5 billion euro annually as it is reported
by FoodDrinkEurope (2019). In this field, 9134 food companies activate; 8.72 million of tonnes of food
products are produced of which 13.8% are exported. The cost of logistics services for food products
in Romania is estimated at 2 billion euros, of which 1.1 billion euros are spent on primary logistics,
the rest being allocated to secondary logistics (stores and wholesalers). The local food industry is
dominated by a number of 50 large companies which make over 40% of the production of the
Romanian food sector and obtain a profit of over 4 billion euros. The food industry represents 27%
of the total value of agricultural production and provides over 183,200 jobs, i.e. 11.6% of the total
number of employees in the Romanian industry and 2.1% of the total workforce in Romania. The food
industry is one of the few sectors in which the share of Romanian capital exceeds 60%. At the same
time, according to the same source, the added value achieved by the food industry represents almost
a quarter of the total added value of the manufacturing industry. Based on the report of Nitulescu
(2016), the Romanian food and beverage market is the seventh largest in the European Union and
the second largest in Eastern Europe, after Poland and it is valued at 25.9 billion euros, of which 20.6
billion EUR (79.5%) in retail trade and EUR 5.3 billion (21.5%) in food services.

In this context, the paper presents an analysis of the Food System Awareness & System
Understanding a successful good practice of industry-education-research synergy in the agri-food
sector, applied within the Policy Lab Romania activity through the European project Fit4Food2030
“Towards Food2030 - Future-proofing the European food systems through research & innovation”.

2. Data and Methods

The Policy Lab activity aimed to analyse the current situation of Romanian food system (by a SWOT
analyse) and to discuss the influence of various trends on the Food2030 priority areas in order to
define topics of interest for research and innovation in Romania in the upcoming years.

Firstly, the SWOT analysis examined the strengths, weaknesses, barriers and opportunities of the
Romanian food system.

Secondly, the trends exercise was applied for the four Food2030 priority areas: 1. Nutrition and
health, 2. Climate and sustainability, 3. Circularity and resource efficiency and 4. Innovation and
communities. A large group of stakeholder’s representatives (food industry (n=27), research (n=6),
university (n=2), food education (high school level n=5), food associations and platforms (n=4), NGOs
(n=2) took part to this activity. The 46 participants were divided into 4 groups according to
preferences where they freely presented their ideas, based on the pre-defined questions. Each group
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focused on one of the four priority areas and they discussed, guided by a facilitator, the trends
(identified by the Fit4Food2030 consortium) and the influences on those particular areas. The trends
cards were provided for consultation on each table, so people from a group could have a look at the
particular trend and comment on it. For each priority areas under discussion, the following questions
were proposed to open the discussions: 1. Which trends strongly influence this field (make a list of
the top 5 most influential trends)? 2. Explain why each of the five chosen trends influences this area?
3. Explain how the 5 trends (favourable/unfavourable) influence the respective field. 4. Build a
consensus on the top 5 trends affecting this area. 5. What kind of decision makers/stakeholders need
to be involved for each of the 5 trends? 6. What barriers does each of the 5 trends raise? 7. What
opportunities can arise related to each of the 5 trends? 8. Can additional trends be formulated? 9.
What policies/strategies should be developed by 2030? 10. How do you see research and innovation
in this field until 2030? The moderators summarized the results of the discussions and the conclusions
are presented below.

The trends which were considered for the four priority areas of Food2030 (based on the data from
Fit4Food2030 project results, www.fit4food2030.eu) were:

e Megatrends: climate change and environment, malnutrition, rise of non-communicable disease,
urbanisation, demographic change, migration, scarcity of natural resources, rise in energy
consumption, industry 4.0.-digitization in food production, big data analysis, economic
globalisation.

e Agricultural production trends: modern digital technologies in agriculture, alternatives to
conventional pesticides, changes in farm structures, agricultural pollution, biodiversity loss,
transboundary pests and diseases, organic farming, genome engineering, bio-fortification,
indoor cultivation systems, urban agriculture/urban farming, food from the sea, closing the loop
in aquaculture, permaculture.

e Food processing trends: block chain technology for secure food supply chain, cultured/in-vitro
meat, new technologies in food production, high/ultra-processed food, clean eating/transparent
labels, novel food, natural preservatives & milder processing methods, alternative protein
sources, functional foods incl. Pro&Prebiotics.

e Consumer trends: health and food consciousness, responsible consumers, specific diets like
vegetarian, vegan or low carb, destabilized consumer trust, fast and convenient food, low prices-
high calories, “free-from” products, smart personalized food, changing households and food,
globalisation of diets, consumer engagement, tradition and do it yourself, social media and food.

e Market, economy, retail and logistic trends: concentration in food retail markets, new shopping
behaviour, short food supply chains, chain, physical internet (logistic).

e Packaging and waste trends: bio-based packaging, packaging 4.0, reduction of plastic packaging,
packaging & health, food waste valorisation.

e Policy and other trends: women’s empowerment, responsible research and innovation (RRI),
food regulation (Wepner et al., 2018, https://fit4food2030.eu/wp-
content/uploads/2018/10/FIT4FO0D2030 D2.1 Report on trends final-compressed.pdf.).

Thirdly, a Vision of the Romania food system for 2030 and beyond exercise was conducted with more
than 70 stakeholders from the entire food chain to conclude on Research & Innovation priorities. Two
roadmaps were drafted: one for food safety and one for food waste (including food plastics) including
the main actions to be implemented and the responsible organisations.

3. Results and Discussion

The SWOT analysis results are presented below and the main societal challenges, strengths,
weaknesses, barriers and opportunities are highlighted (Table 1).
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Table 1. Swot analysis of Romanian food system

Main societal challenges of the food system in Romania:

||' |"

Farm’s fragmentation with low efficiency;
Insufficient training programs and motivation ways for human resources in agri-food domain;

& Young population migration from rural areas & ageing;

# Inadequate inter-relationships between policy makers (agriculture, food, health, research,
education) & between food systems stakeholders;

& Deficient knowledge to attract R&D funds for research and innovation;

B Lack of food system waste valorisation programs/projects;

¥ Poor linkage between industry and research;

= Low level of application of innovative and new technologies to perform research (biotech, ICT,
etc.);

B Insufficient R&D projects on food security, food nutrition, food safety;

& Scarce of technical and financial support;

# Deficient appreciation and support for small and medium-sized producers;

& Low level of sustainable production methods implementation according to needs of local
conditions, markets and consumer demands;

» Inadequate support for vulnerable farmers (through assessment and provision of market and
weather information, crop insurance, debt restructuring, and shifting from disaster relief to
early warning systems to ensure, as far a possible action well in advance of food emergencies,
as well as develop contingency plans to tackle emergencies).

Strengths Weaknesses

+ Geographical position — No clear international orientation

+ Management capacity Low financial capacity

+ Highly skilled personnel Weak understanding between researchers

+ Product and Process Quality and industry which complicates joint

+ Open exchange of experience in research projects

and technology development Lack of formal collaboration between actors
+ Public-private cooperation Poor networking with public actors
+ Product Diversification
Barriers Opportunities
o Insufficient funding of R&D&I in agro-food > High agro-food potential and
domains and difficult access to financial biodiversity
instruments of small and medium-sized » EU Structural Funds
farmers; > Legislation in force to promote
o Long food chains with no correlation domestic production through EU
between production-processing-storage- quality  protection schemes for
marketing traditional food products
o Llack of management procedures » Changes in consumers’ food attitude
implemented on the food systems and (i.e. request for local short food chain).
traceability methodologies

o Deficient knowledge transfer due to low

skills and pour finance
o The problem of job creation and stability
measures in rural areas (stabilization of
rural population)
o lack of systematic education research to
find solutions to the problems of rural
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space (rural sociology research); potential
analysis of various areas of the rural

economy.
2 — . B £ . \ .
* Digitization in food industry * Alternatives to +Clean eating/transparent
* Scarcity of natural resources conventional pesticides labels .
* Urbanisation *Organic farming * Alternative prolteml sources
*Economic globalisation *Food from the sea *New technologies in food
. . £ RPT . production
*Rise in energy consumption New digital technologies Rl e o
in agriculture P
*Changes in farm structures | S leEt o
{gricultura ¢ R |
Megatrends i S ;_O f:;}
é“?’ 4"
*Responsible consumer * Reduction of plastic
* Smart personalized food packaging
*Changing households and *Biobased packaging
food Physical internet (logistic)
*Social media and food » Short food supply chains

Fig.1. The main trends that will influence the all four key Food2030 priorities

Thirdly, a Vision of the Romania food system for 2030 and beyond exercise was conducted with more
than 70 stakeholders from the entire food chain to conclude on Research & Innovation priorities. Two
roadmaps were drafted: one for food safety and one for food waste (including food plastics) with the
main actions to be implemented and the responsible organisations.

The Vision on food waste/plastics for 2030 and beyond outlined the following points: the changing
of dietary pattern in favor of vegetables (decreasing meat consumption and processed food), using
regional and seasonal foods through short supply chains; food waste reduction (at least 30%
reduction of food waste by 2025; fast recyclable/biodegradable food packaging materials).

The Vision on food safety for 2030 and beyond outlined the following main points: food safety should
have a broader approach including social, environmental and nutritional aspects: food labels should
include sufficient info about nutritional composition (using QR code, lights, colors); food chain should
be more transparent, including a very strict traceability, a more clear/updated policy of storage, a
trusted/checked food provider e-commerce; education and training of young people should be
considered; the official controls (Food safety Authorities, Consumer Protection Authorities) should
be optimised.

In order to improve the R&I landscape to work towards your vision, roadmaps were drafted for food
waste and food safety domains.
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DRAFTED ROADMAP FOR FOOD WASTE DOMAIN

g b WN R

The main actions to be implemented:
Better quantification of food waste
Research and innovation for bioplastics
European rules/laws for waste management

Consumer education (young generations from high school)

Valorization and side production (by products), incentives
for companies
Short supply chains (storage-market demand-consumers)

New qualifications

DRAFTED ROADMAP FOR FOOD SAFETY DOMAIN

26

The main actions to be implemented:

National policy programs

More control on food chain

Higher engagement of local authorities for improving local
production chains

Enhanced use of national standards on food safety and

technical aspects
Anticipations emerging hazards + risk assessment methods +

study exposure
Intensify risk communication
Open data traceability

Dedicated research programs based sensitive topics regarding
food safety
Tight collaboration between R&D and policy maker

Multi sectoral research programs
Health by good quality products (prevention)

Interdisciplinary research for preventing the illness caused by

unsafety foods

IT for traceability, integrity, transparency

New methods of plant breeding in research

Education

Multidisciplinary researches

Food clusters

Development collaborative platforms

Curricula for training, Educate the farmers, producers,
suppliers, consumers

More involvement of the retail sector, the main interactor
with final consumption. Retailers already have large data-
basis on behavior of their consumer and they may/can
contribute to the influence of the consumer habits
Involvement of consumers association in educating people
regarding food safety

Responsible organizations
National authorities

R&D units and companies
Countries + EU
Universities + government
Companies and R&D units

Companies, R&D units and

local authorities
Universities + VET

Responsible organizations
National authorities

National authorities, R&D
units and companies

R&D units and companies

Universities + government
Companies, R&D units, local
authorities

Universities + VET

Stakeholders

Consumers’ association
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4. Conclusion

On 20 May 2020, the European Commission adopted the "From Farm to Consumer" strategy to
ensure a healthy, environmentally friendly and trustworthy food system. The strategy will allow the
conversion to a sustainable EU food system, which guarantee food security, access to healthy food
on a healthy environment; establish concrete targets for changing the EU food system like a 50%
reduction in pesticide use, at least 20% reduction in fertilizer use, 25% of agricultural land dedicated
to organic farming.

For further Romanian food system transformation there is a need for boosting R&I in this field
through funding multidisciplinary projects involving all the relevant stakeholders on the whole food
chain. Innovations are needed in the following fields: bioplastics, valorization and side production (by
products), short supply chains, new qualifications, anticipations emerging hazards + risk assessment
methods + study exposure, intensify risk communication, open data traceability, health by good
quality products (prevention), interdisciplinary research for preventing the illness caused by unsafety
foods, IT for traceability, integrity, transparency, new methods of plant breeding in research, food
clusters, curricula in food safety.
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Abstract

Food production is a basic branch of the processing industry not only in the Slovak Republic, but also
in the entire European Union. Food production has a priority role in ensuring the nutrition of the
population. The agrarian sector is, on the one hand, an important integral part of the national
economy and, on the other hand, maintains its own specific position. Food self-sufficiency in the Slovak
Republic has been declining for a long time, the decline accelerated after the country joined the EU.
The food industry is closely related to agriculture and performs important functions such as ensuring
the receipt, storage and processing of agricultural products, the production of food products and the
supply of food to the population. The goal of this contribution was the evaluation of production and
food self-sufficiency in selected food products of animal origin. The following commodities were
analysed: pork, beef and veal, poultry, table egg production

and raw cow's milk production. All analysed indicators were characterized in the period from 2019 to
2021. In production self-sufficiency, Slovakia achieves relatively good results in the production of beef,
where the average value for the period 2019 to 2021 is 86.45%, in the production of table eggs in the
shell 86.10% and in cow's milk 78.91%. The critical situation is in the production of pork, where it is
covered only 46.44% of consumption on average. Compared to other small open economies, the
Slovak Republic has a low level of food self-sufficiency, which continues to decrease relatively quickly.
During the monitored period, the average food self-sufficiency at the level of 60-70% was recorded in
the production of poultry meat, and higher self-sufficiency is achieved in the production of table eggs.
In the production of pork, beef and milk, food self-sufficiency oscillates around 30%, which is mainly
caused by problems in the processing industry and not satisfactory subsidy policy.

Keywords: food industry, food self-sufficiency, production self-sufficiency
JEL Classification: Q10, Q18, L66

1. Introduction

The food industry is the largest processing industry in the EU. According to FoodDrinkEurope, the
European Association of the Food and Beverage Industry, food businesses in EU countries provide
employment for 4.82 million inhabitants, generate a turnover of 1,205 billion euros and 266 billion
euros of added value, making this sector the largest manufacturing sector in the EU. The largest food
sector within the EU is the meat processing industry with a 20% share of turnover, followed by the
production of beverages (15%) and the bakery sector (14%) [2].

Food consumption is closely related to the food self-sufficiency. In Europe there are countries with
great agriculture capacity and conditions for food export, as well as countries dependent on food
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import [1]. In a study on regional self-sufficiency in the European Union, the ratio of domestic
production to consumption was examined in three aspects: animal products, agricultural products,
and primary agricultural biomass; a systematic concept was presented for self-sufficiency ratios [4].

Current studies are exploring alternative options for sustainable regional food systems that are based
on the regionalization of diets, thereby shortening food supply chains, and increasing the resilience
of the food system [11]. Resilient food systems require an integrated approach between the optimal
localization of production and changes in food consumption. Through the designed food self-
sufficiency index, it would be possible to evaluate self-sufficiency at the selected level, e.g., in the
region, country, or worldwide [5].

Contemporary Slovak consumers care about the sustainability of food products, but their positive
approach is not always demonstrated in real purchasing behaviour as stated [3]. Interesting fact
associated with products of animal origin is that a part of the young population does not consume
these products. Their eating habits can be classified as vegetarians and vegans as reported by Skylare
[8] in Sweden it is approximately 20% of the younger population.

In Slovakia the food industry is closely related to agriculture and performs significant functions such
as provide for takeover of products, storage and processing of agricultural products, the production
of food products and the supply of food to the population. The food industry is significant part of the
national economy and belongs to important sectors of economic activity. In the food industry, there
must be a functional food chain that connects three sectors: agriculture, food processing industry
and food retail. The functioning of the vertical of the entire chain can be negatively affected by the
instability and structural problems of any link of mentioned chain.

The food industry represents a very important sector in the industrial portfolio and economy of
Slovakia, which is directly related to primary agricultural production. The food industry has a strong
presence in all regions of Slovakia and produces a wide range of food products, from meat processing
to bakery, dairy and other products, to the production of various types of beverages.

The production and consumption of food is currently of great importance to society. Dairy and meat
industry are the dominant branches in terms of market share (sales) (Figure 1).

Figure 1: Market share of selected food products of the food industry (%)

production of
processing of fruits animal feed
and vegetables 3%
4%

processing and
preservation of meat
production of milling and meat products
and starch products 21%
6%
production of other §$$
food products 2
15% beverage
production
i = 19%
production of baked

goods and flour products
15%
production of dairy
products
17%

Source: Annual report 2020, VUEPP [12]
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In the Slovak meat market, there have been changes during the last decade: a reduction in the
number of pigs among Slovak breeders and an increase in the import of pork and meat products to
Slovakia. [6]. The question of Slovakia's food self-sufficiency and the associated goals for farmers and
food producers are gaining importance, especially in connection with the current threats and crises
of various kinds in Europe and the whole world. The availability of food in the EU is not yet at risk, as
the Union can be largely self-sufficient in the case of many agricultural products. However, Slovak
agricultural sector is a net importer of some products, for example feed protein [9].

2. Data and Methods

The rate of production self-sufficiency expresses the percentage coverage of the consumption of
individual commaodities of agricultural production by own production without including imports and
exports. Food self-sufficiency is the ability of a country to cover the needs of the domestic market
with its own production potential, i.e., domestic food. Simply, producers will export the surplus,
import what the domestic market doesn't have, and they will also make money. The evolution of
consumer behaviour has changed, is evolving and has a major impact on food exports and imports.

The article evaluates production and food self-sufficiency in selected food products of animal origin.
All analysed indicators were characterized in the period from 2019 to 2021. To better explain the
issue, the results are shown in graphs. In the contribution, there were used method of observation,
analysis, and the method of synthesis. Evaluated data about commodities were obtained from the
Situational and outlook reports of commodities presented by National Agricultural and Food Centre
(NPPC) and Research Institute of Agriculture and Food Economics (VUEPP) [7].

3. Results and Discussion

3.1 Production self-sufficiency in selected livestock production commodities in Slovakia

In this contribution these commodities of animal origin are analysed: pork, beef and veal, poultry,
table eggs and raw cow's milk production.

First analysed commodity is pork meat.

In Slovakia the contemporary situation in pig farming is alarming. Livestock numbers are declining,
and farms are being wiped out by the African swine fever. This fact was also reflected in the gross
production of pork. The gross domestic production of pork in the observed period of 2019 to 2021
had a fluctuating trend. In 2019, production was 83,716 t carcass weight, in 2020 it decreased by
3.38% (80,883 t), in 2021 it increased by 3.95% compared to 2020 and by 0.43% compared to 2019
(84,076 t) (Figure 2).

The development of domestic consumption of pork in the monitored period had an increasing trend.
In 2019, we recorded 167,819 t of carcass weight, in 2020 an increase of 8,712 t (by 5.19%), in 2021
anincrease of 13,547 t (by 7.67%) compared to 2020 and by 22,259 t (by 13.26%) compared to 2019.
In the monitored period, the rate of self-sufficiency in pork production was 49.88% in 2019, 45.82%
in 2020, and 49.29% in 2021, which means that Slovakia is significantly behind in the pork production.
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Figure 2: Production and food self-sufficiency of Slovakia in pork
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Next analysed commodity is beef and veal meat. The gross domestic production of beef and veal in
the period 2019 to 2021 acquired a growing tendency. In 2021, it reached 24,169 t carcass weight,
which is an increase compared to 2020 by 9.8% (by 2,158 t) and by 6.4% (by 1,453 t) in 2019 (Figure 3).

Figure 3: Production and food self-sufficiency of Slovakia in beef and veal
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The domestic consumption of this meat in 2021 increased by 11.74% compared to 2020 and by
14.19% compared to 2019. The production self-sufficiency rate of Slovakia in the production of beef
and veal reached 88.32% in 2019, 83.74% in 2020, and 2021 82.29%. These numbers indicate that we
are lagging in gross beef and veal production and not covering domestic consumption.

Third analysed commaodity is poultry meat.

In 2021, 94,373 t of poultry meat was produced in Slovakia, which represents an increase of 1,704 t
(by 1.84%) compared to 2020 and 2,607 t (by 2.84%) compared to 2019 (Figure 4). The development
of domestic consumption of poultry meat in the period from 2019 to 2021 had a downward trend. In
2021, it was recorded a decrease in consumption from 127,443 t of carcass weight by 13,086 t (by
10.27%) compared to 2020 and by 14,478 t (11.36%) compared to 2019.

In 2019, consumption was 1,392 t (0.99%) lower than in 2020. Slovakia's production self-sufficiency
in poultry meat production is at the level of 64.66% in 2019, 65.94% in 2020 and 74.05% in 2021. The
data show that, despite the decrease in consumption, domestic producers are unable to produce
enough poultry meat.

Figure 4: Production and food self-sufficiency of Slovakia in poultry
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Next analysed data are about the production and consumption of table eggs.

The gross domestic production of table eggs in the shell in the observed period of 2019 to 2021 had a
decreasing trend (Figure 5). In 2019, 1,048,519 thousand pieces of eggs were produced in the Slovak
Republic, which was by 226,261 thousand (by 27.52%) more than in 2021. If we start from the domestic
consumption of table eggs in 2019 in the amount of 1,218,774 thousand pieces, Slovakia's self-sufficiency
in egg production is at the level of 86.03%. In 2020, self-sufficiency in egg production reached 71.52%,
and in 2021 it was 83.27%. Slovakia is not self-sufficient even in the production of table eggs.
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Figure 5: Production and food self-sufficiency of Slovakia in table eggs
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The last analysed commodity is cow's milk. The production of raw cow's milk in 2019 reached a value
of 844,535 t, and its consumption was 1,024,284 t, which is slightly below the level of consumption
(82.45%) (Figure 6). In 2020, milk production increased by 20,240 t compared to 2019, and
consumption also increased by 82,981 t. Currently, the production of raw cow's milk is at the level of
76.18% self-sufficiency in Slovakia.

Figure 6: Production and food self-sufficiency of Slovakia in milk
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3.2 Food self-sufficiency in selected food products of animal production in Slovakia

The recommended annual food consumption of one adult in Slovakia is approximately as follows: up
to 60 kilograms of meat of various kinds, 220 litres of milk and milk products, and 11 kilograms of
eggs. Slovakia does not have the necessary level of food self-sufficiency. Even with relatively good
production self-sufficiency, domestic consumption is not covered by food products. The biggest
problems are in the processing industry, in which there are insufficient financial resources for
reproduction, investing in modern technologies and supporting sales associations. In addition, the
market shows high competition from imported products.

The situation is especially critical in the production of pork, where the results of production self-
sufficiency (average over the last 3 years is 46.64%) and food self-sufficiency (average 30.23%) in
individual verticals are known, and therefore measures must be taken to support the preservation of
domestic animal production and processing industry.

In the production of beef, Slovakia achieves good production self-sufficiency (the average over the
last 3 years is 86.45%), but this is not reflected in food self-sufficiency (average 28.57%), which results
in problems in the processing industry, which is financially undervalued. The production of cow's milk
copies the self-sufficiency in the production of beef. Over the last three years, production self-
sufficiency is in the range from 82.45% (year 2019) to 76.18% (year 2021) and food self-sufficiency in
the range from 40.32% (year 2020) to 37.04% (year 2021).

Self-sufficiency at the level of 60-70% is recorded for the commodity poultry meat; the average
production self-sufficiency for the monitored period is 68.22% and 62.62% for food self-sufficiency.
At the level of 85% and higher is the production of table eggs.

4, Conclusion

Until the 20th century, Slovakia had a predominantly rural character. It was common to see farm
animals in every village backyard and small agricultural production was a part of families' lives. At the
end of the 20th and the beginning of the 21st century, this situation changed radically.

Compared to other small open economies, the Slovak Republic has a low level of food self-sufficiency,
which continues to decrease relatively quickly. Reversing Slovakia's downward trend in food self-
sufficiency should be a priority. Better protection is needed for domestic farmers who produce quality
food, but they are not financially subsidized enough like similar ones in other EU countries. The
Concept of Development of Slovak Agriculture for 2013 — 2020 [10] aimed to increase production of
agricultural commodities to 80% of consumption.

Currently, it is already possible to evaluate the implemented measures to slow down the spread of
the Covid-19 epidemic, which significantly limited free trade. An increase in the prices of pork and
other foodstuffs can be currently seeing. This is also about food products, where the production of
the Slovak Republic does not cover own consumption. Meat, fruit, eggs, and vegetables can be
identified as potentially deficient foods. The reason is that even the current main importers to
Slovakia do not show high surplus production in these foods. With low surpluses, it can happen at
any time that they will not be willing to export as much food as Slovakia would need, and especially
in times of crisis, there could be supply shocks, and thus short-term high price volatility of these foods.

In the current conditions, ensuring enough food for the population is a big challenge for agriculture
and food producers:

* Due to the increasing world population of the Earth, the demands on agricultural production
are increasing in terms of securing food resources.
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To improve food affordability in 2022, EU member states may implement reduced rates of
value added tax and economic operators to limit sharp increases in retail prices.

One of the issues that needs to be addressed from a global perspective and criteria for
people's access to food is the reduction of food waste.

According to the FAO, up to a third of the food produced worldwide is wasted or spoiled,
amounting to approximately 1.3 billion tons of food annually.

By 2030, the European Commission proposes to reduce food waste by 50%.

The development of agriculture will have to respect current environmental challenges with
an emphasis on soil, water, and diversity.
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Abstract

The presented article provides an insight into the creation of a corporate responsible
strategy based on the transformation and streamlining of processes in agricultural enterprises in
the Slovak Republic. The process approach to corporate social responsibility represents a new
approach to the CSR strategy, instead of the classic understanding of CSR, which is understood
as ethical or ecological. The research was provided by a questionnaire survey among agricultural
entities in the Slovak Republic. As the process approach of the CSR strategy is not known to
agricultural enterprises in the Slovak Republic, it is important to continue the research in
the future. The presented article serves as a basis for the application of the process
approach in a selected agricultural enterprise to increase the productivity of the enterprise and
achieve sustainable business and added value.

Key words: process mapping, six sigma, continuous improvement
JEL code: 001, Q13, Q15

1. Introduction

Today, socially responsible business is the basic philosophy of business in every sector. This
is evidenced by the efforts of the Global Agenda 2030, European Union policies and national
policies that promote a sustainable approach to business and the environment. Agriculture, as
the primary sector, should constantly look for new solutions and approaches to socially
responsible business. Socially responsible business takes many forms. The most basic approaches
to the CSR are ecology and ethics, however we can approach the issue of the CSR also in
terms of streamlining processes and continuous improvement. The presented article deals
with socially responsible business of agricultural enterprises in the Slovak Republic within the
continuous improvement of production processes. For the purposes of the article, we have
divided the problem into the use of six sigma, process mapping and continuous improvement.
In examining the six sigma, we focused on waste - transport, inventory, motion, waiting,
over-production, over-processing, defects and unutilized talent and its reduction in the
production process of agricultural enterprises. We examined process mapping in terms of
knowledge of the concept of process mapping and its application in agricultural processes.
Continuous improvement as a form of long-term planning and business management. In the article
we present the results of nationwide research in the Slovak Republic and proposals for further
research in the field of research.
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2. Theoretical background

Socially responsible business is an important part of a sustainable corporate strategy.
Agricultural research over the last half-century has contributed many components to
sustainable productivity, but its focus in the future will be more on systems, interactions among
components, and the impact of the activity on the broader environment and community.
Agriculture production cost and production system sustainability are key factors to sustain food
production for the growing human race. Achieving zero food, agricultural, and industrial wastes
can eliminate environmental burdens and pave the way for closed-loop production
(Salleh,2021). European agriculture and their respective farms have moderate sustainability
where the subsidies from Common Agricultural Policy have a positive impact (Santos, 2020).
Local environmental conditions determine the needs and potentials for increasing sustainability
of agricultural practices. However, the potential for implementation also depends on socio-
economic factors, as farmers need to adopt innovative farming practices, and consumer demand
affects the economic feasibility (Scherer, 2018). Companies that used continuous improvement
are less likely to have product recalls than companies that do not (Scott, 2009). It is possible to
approach corporate social responsibility strategy from different angles, usually through
environmental and ethical measures, but it is also possible to use a process approach. The
process approach to CSR contains continuous improvement, process mapping and use of Lean Six
Sigma. Continuous process improvement can be seen as a managerial and operational strategy
but has equally important implications for how manufacturing processes are run, and demands
deploying systematic methods to (continuously) search for performance improvements (Oliveira,
2011). Lean, Six Sigma and Lean Six Sigma initiatives have been adopted by different industry
and service sectors to improve companies' performance and competitiveness; however,
adoption in the food industry is still very low (Costa, 2020). Implementation of six sigma and
continuous improvement implementation in the sector is still growing. The use of six sigma
was found to reduce costs and increase productivity. Human factors and the food industry
characteristics were identified as the main barriers to implementing these initiatives (Costa, 2018).
Lean Six Sigma is a hybrid initiative that identifies customer desires, eliminates wastes and
reduces variability (Costa, 2021). Six Sigma and continuous improvement used in corporate
social responsible business strategy need a strong foundation to build on. Process mapping is an
opportunity for business to build this foundation. Business process reengineering is identified as
one of the most important solutions for organizational improvements in all performance measures
of business processes. However, high failure rates of 70% are reported about using it the most
important reason that caused the failure is the focus on the process itself; regardless
of the surrounding environment, and the knowledge of the organization. The other reasons
are due to the lack of tools to determine the causes of the inconsistencies and inefficiencies
(AbdEllatif, 2018). Process maps are covering the wide and diverse spectrum of business process
flexibility concepts and relationships (Mejri, 2016). Process map enables coherently integrating
two essential dimensions of any organization: the management, with clear responsibility for
coordinating the work system and the functional areas, being in charge with executing specialized
operations, according to relevant rules, regulations, and procedures (Fleaca, 2016). The global
challenges of today are many, and one of the most concerning aspects relates to food production
for an increasing global population. The sustainability of doing ‘more of the same thing’ is being
increasingly called into question. Several sustainable business model frameworks have been
presented in recent vyears to address these challenges, but our knowledge is limited
about the change processes of the agricultural sector (Barth, 2021). Innovation within the
development of sustainable business models has become a hot topic but it is affected by a high
failure rate due to a lack of reliable and efficient methods (He, 2021). Process tools are the
solution for the sustainability and corporate social responsibility of agro-businesses. Even so, the
process approach is not a standard way for building CSR strategy, it is combining the opportunity
to fix business processes, become more efficient and build a strong and sustainable business model.
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3. Materialsand Methods

Sufficient data had to be collected for the research. The research involved agricultural
enterprises from the Slovak Republic, which we divided according to the number of
employees into small, medium, and large. The questionnaire contains questions from the
three logical units of the presented article. The first set of questions concerned the use of six
sigma on farms. The second set of questions represents questions about process mapping and the
use of process mapping in agricultural production, and the third set of questions consisted
of questions about the continuous improvement of production processes. An important factor
for the research was the collection of a sufficient amount of data and their subsequent
comparison. For the needs of the article, the answers of 25 agricultural subjects were
collected. 2 large, 10 medium and 13 small agricultural entities. The basic assumptions in the
research were: agricultural companies in the Slovak Republic do not use process improvement
as a part of CSR strategy, process improvement is ensured by the standard activity in the
company and agricultural companies are open to develop skills of six sigma and process mapping.

4. Research results and discussion

The process approach to corporate social responsibility is an innovative approach. In the
Slovak Republic, many agricultural businesses still do not have formally written strategy of
corporate social responsibility. A process approach to corporate social responsibility provides the
company not only with the advantage of sustainable business and values, but also streamlining
existing processes, higher profitability and use of assets. In this part of the research, we will
focus on the results related to a questionnaire survey among agricultural companies in
Slovakia. Process approach in developing strategy of corporate social responsibility is not
used by 92% of agricultural businesses. It should be mentioned that 57% of these entities did not
even have a formally established corporate social responsibility strategy. Only 16% of the
surveyed entities know and can define what the process approach of corporate social
responsibility strategy means. The responses confirm that the process approach is not widespread
and used among farmers. According to them, the main reason why companies do not use the
process approach is the high financial demands and the insufficient amount of information about
the implementation of the process procedure in agricultural companies.

Process improvement is the basis of long-term business success. Farm management should
therefore at least consider using process approaches. Process mapping is not a simple task, it is
even usually necessary to use the services of a professional consultant to start a process
mapping project. Process efficiency will increase in most cases. Of the surveyed farm managers,
however, in the case of our research, only 20% know the concept of process mapping. Those
managers who do not know the concept of process mapping also in 40% never encountered
the concept of continuous improvement and did not consider work processes in the company
important for long-term success. Most of the interviewed managers answered positively when
asked if they would welcome training in the areas of process approach to corporate social
responsibility, six sigma and process mapping. Respondents who do not consider work processes
in the company to be important saw a negative attitude in the interest in information about
the process approach to socially responsible business. Managers who were interested in
education in this area would most often choose the form of an online seminar, presentation
at a conference, or an information portal with the possibility of consulting an expert.
Continuous improvement in a company can be understood from two points of view. The farm
may have a formally developed strategy for continuous improvement or continuous
improvement may result from business processes and management activities without further
specification. 40% of the surveyed entities had a formally created plan, they were medium
and large entities in terms of the number of employees. Small farm entrepreneurs did not
consider the creation of a formal plan necessary. However, 88% of respondents consider
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continuous improvement to be necessary and equally necessary in the field of agriculture. Most
managers considered socially responsible business to be a long-term management tool, which,
according to them, is related to continuous improvement and interest in long-term goals. Finally,
we were interested in the attitude to the implementation of six sigma-quality management.
Respondents surveyed agreed in more than 90% that in terms of waste, which is categorized by
the six-sigma theory, the most important is the reduction of waste defects, over-production, and
transport. These types of waste also have the greatest influence on the strategy of corporate
social responsibility of agricultural companies. Respondents agreed that a procedural approach
to socially responsible business is a benefit for agricultural holdings not only in terms of
standard motives for building a CSR strategy, but also that streamlining processes contributes to
business profitability and better business management.

5. Conclusion

Before examining the attitude of Slovak farmers towards the procedural approach of
the socially responsible business strategy, we set three assumptions. All assumptions for the
research were confirmed. Agricultural companies in Slovak republic do not use process
improvement as a part of CSR strategy, process improvement is mostly ensured by the
standard activity in the company and agricultural companies are open to develop skills of six sigma
and process mapping. Research has shown that farmers' interest in a process approach exists,
not only in terms of the benefits that process approach brings to the CSR strategy but also in
terms of better management of procedures and processes on farms. The research provided a
basis for examining this issue in the future. Further research will be needed to better understand
the implementation of the process approach to the farm. propose to create a strategy of
socially responsible business for an agricultural enterprise, which will be based on mapping the
processes in the company, based on which the strategy of Six Sigma implementation will be built.
All actions will be combined with the existing strategy of corporate social responsibility of
the agricultural business. Based on the implementation of the processes, the data of key
performance indicators, reduction of the number of injuries in the workplace, reduction of
waste defined by the Six Sigma theory and economic efficiency will be evaluated. Following
the implementation of the process CSR, a plan for continuous process improvement will be
established, which will need to be monitored for at least two years. Based on the obtained research
data, it will be possible to compare the existing research that the presented article brings
with the implementation of the theory in the agricultural business.
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Abstract

The article deals with the issue of the common agricultural policy of the European Union and its
connection to the long-term goals for 2030 in the field of sustainability. The goals and policy of
the European Union are conceived in the article from the point of view of Slovak farmers. The
article uses qualitative research in the field of CAP and a questionnaire survey among
Slovak agricultural farmers. Research in this area helps to understand how farmers perceive the
European Union's sustainable policy and which CAP challenges are greatest. Research also brings
together information on the European Union's sustainable policy and its objectives for the future.

Key words: sustainability, CAP, European union

JEL code: Q18, Q56

1. Introduction

Nowadays, agricultural enterprises face several challenges. One of these challenges is the
long-term pressure on farmers in the European Union to develop and promote business strategies that
are sustainable and in line with the European Union's long-term common agricultural policy.
Farmers have a difficult role to play in planning business activities and transforming long-term
business processes into sustainable options. European Union legislation initiates farmers to
continually improve sustainable agricultural production in three areas - environmental, economic, and
social. The European Union prioritises changing the direction of agricultural production as well as
consumption. In the presented article we will deal individually with all three areas of sustainable
policy and the view of farmers from the Slovak Republic. To meet the long-term goals of the European
Union, it is important that farmers understand the regulations and projects correctly and the goals of
meeting these projects are achievable. The role of the European Union and research in the
field of the sustainable common agricultural policy is therefore to create adequate ways of
communicating and linking the various objectives that can be applied to small, medium, and large
agricultural enterprises.

2. Theoretical background

Population and consumption growth causes a 50% greater demand for food and fiber in the
next 35 years (Schiefer, 2016). Demands from society drive the agricultural sector to change in two
ways. On the one hand, global consumption patterns, human population increase and competing
demands for land area require further intensification and increased productivity on agricultural
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land. On the other hand, increased awareness of consumers about environmental impacts of their
behaviour together with a number of events connected to food safety as a result of high-intensive
agriculture, demands for a move to more sustainable agriculture and a change in consumption patterns
(Delbaere, 2014). Over the last 30 years, the European Union has significantly reformed its Common
Agricultural Policy by introducing direct payments to farmers and reducing price support levels
(Gohin, 2020). The Common Agricultural Policy of the European Union (CAP) is one of the oldest and
most controversial of the EU policies (Kiryluk-Dryjska, 2019). The global targets for 2030 focus on
achieving sustainability. Within the CAP, the European Union has created three groups of interest -
economic, environmental, and social. Agriculture not only provides for farmers and their families
across the EU, but also sustains society as a whole through a number of essential services. In
particular, agriculture contributes to society by providing food and other essential materials for
citizens, acting as the economic backbone of rural communities. The common agricultural policy
(CAP) ensures that farmers can continue to provide these services on a long-term basis by pushing
for the economic sustainability of agriculture. In turn, the economic measures of the CAP contain
socially inclusive provisions, such as supports for small farmers and redistributive payments (European
Commission, 2021). The common agricultural policy (CAP) has three clear environmental goals, each
of which are echoed in the European Green Deal and Farm to Fork strategy: tackling climate
change, protecting natural resources; enhancing biodiversity. Each of these goals are supported by
the CAP’s promotion of organic farming and the responsible management of inputs like pesticides and
fertilisers. The CAP aims to reach its environmental goals in a way that is socially and economically
sustainable for farmers, rural communities, and the EU as a whole (European Commission, 2021).
Agriculture is a key driver of biodiversity losses and a major contributor to land-use changes
that accelerate climate change and its impacts. With about €59 billion/year, or nearly 40% of the
European Union’s (EU) budget, the Common Agricultural Policy (CAP) is a case study of global
interest as to how subsidies for the farming sector are designed and implemented (Pe’er, 2020). CAP's
green component not only positively affects the environmental quality in the long term but also
generates positive spillovers that have been hitherto underestimated (Czyzewski, 2020). An
important policy question for many governments is how the current set of agricultural policies
affects both productivity growth and environmental performance of the sector (Lankoski, 2020),
but also, how farms can adopt new challenges. European agriculture and their respective farms
have moderate sustainability where the subsidies from Common Agricultural Policy have a positive
impact on (Santos, 2020). Without the ability to deliver a stable and rewarding income, agriculture
would not be able to supply its essential products and services for society. The common agricultural
policy (CAP) therefore includes several measures to ensure the economic viability of farms. The
economic consequences of the changing environment have become increasingly apparent across
Europe through the disruption brought by unstable weather conditions, such as droughts and floods,
resulting in lower yields and falls in farm income. Therefore, the actions of the CAP that safeguard
the environment are also in place to protect the long-term economic viability of agriculture (European
Commission, 2021). Economical part of sustainable policy is in general dealing with implementing a
fair system of income support, equality in the agri-food supply chain, green direct payments, rural
development, bioeconomy, and innovations. European Union legislation in all three areas gives
farmers the opportunity to become greener and more socially responsible with regard to
financial support for farming initiatives and entrepreneurship.

3. Materialsand Methods

To determine the current state of research, it was necessary to examine theoretical knowledge and
legislation in the field of sustainability of the common agricultural policy. For the needs of the
research, we chose the method of a questionnaire survey among agricultural enterprises in the Slovak
Republic. A total of 25 agricultural companies participated in the questionnaire survey - 2 large, 10
medium and 13 small. The questionnaire is divided according to the units of the sustainable common
agricultural policy - ecological, social, and economic part. In the research, we worked with the basic
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assumptions, which are: biggest challenge for agricultural businesses of Common Agricultural
Policy for a sustainable agriculture is environmental sustainability, farms are ready to face the
challenges of European Union sustainability legislation, EU policy challenges are enshrined in
a long- term farm plan of agricultural enterprises in Slovak republic. Atthe end of the research,
we confirmed or refuted these assumptions.

4. Research results and discussion

In the questionnaire survey, we were primarily interested in the attitude of farmers towards a
sustainable common agricultural policy and its individual groups. Of the managers surveyed, 84% said
they do understand requirements of the EU's sustainable policy. 80% consider the economic area,
16% the ecological area and only 4% the social area to be the most important area of a
sustainable CAP. We can state that the division is also caused by the direct connection of the policy
to farmers and their business activities. Farmers had the lowest knowledge of the social area of a
sustainable CAP, but subsidies, green payments and support for young farmers were among their
core business activities. 60% farmers consider the environmental area of a sustainable CAP to be
the most complex and challenging to meet. In the environmental field, they perceive education by the
European Union as insufficient. Surveyed farmers would welcome more online ways to learn how
to adapt environmental goals and transform conventional production to sustainable. Of the
farmers surveyed, 20% agreed that they have long sought to transform the conventional type of their
production into organic. It is a long-term plan that will contribute to improving the energy use of the
farm, limiting pesticides, streamlining the company's water management and water quality, and
increasing biodiversity. Majority does not plan for production to become organic, however, with
correct education farmers stated they understand importance of sustainability and would like to
contribute on sustainable production goals of European Union. Long term plans and operations of
farmers depends mainly on financial support. 80% of farmers consider the financial side of
supporting the sustainability of agriculture to be important, especially in long-term planning. Long-
term planning is carried out on farms mainly in the interest of purchasing new equipment,
machinery, cattle and increasing crop production. The profitability of long-term decisions is more
important for farmers than their commitment to sustainability. However, all farmers surveyed consider
important to provide financial support for rural areas, which they believe have the greatest potential
to contribute to sustainable targets of common agricultural policy. The social area of sustainable policy
The CAP deals with projects in several areas. In recent years, the surveyed farmers have been
involved in the field of information campaigns and farm visits. Sustainable policy also supports TV
futures on agriculture, audio-visual and media acts and apps for smart phones and tablets. None of
this area has been addressed by farmers in recent years. The social area is committed to the
production of food and raw materials that come from net agricultural production, so it is important
in the CAP area to reduce the use of pesticides and fertilizers in production. Farmers said in our
research that only 20% reduce the use of pesticides and fertilizers in their production. However, they
consider it necessary to promote agriculture and the perception of agriculture in the eyes of mainly
young people and students. All farmers have committed themselves to developing activities in the
field of educating young people in the future. Overall, we can say that the farmers who participated in
the questionnaire survey have a positive view of the sustainability of agriculture. They face various
challenges in implementing European Union policy, but support the idea of sustainability and,
above all, education.

5. Conclusion

In this article, we examined the sustainable policy of the European Union and how this policy is
perceived by farmers in the Slovak Republic. It was important to provide a theoretical basis
for sustainable policy and its main areas, which the policy aims to comply with. The main areas for the
European Union's sustainable policy are economic, environmental, and social. The research showed
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two of assumptions were met. Biggest challenge for agricultural businesses of Common Agricultural
Policy for a sustainable agriculture is environmental sustainability. Farms are ready to face
the challenges of European Union sustainability legislation, however they are struggling with ecological
part of the policy. The assumption that EU policy challenges are enshrined in a long-term farm plan
of agricultural enterprises in the Slovak Republic has not been confirmed. Farms have shown difficulty
in strategic planning and drawing up plans related to business sustainability and meeting the European
Union's sustainability objectives. The research provided the basis for a closer examination of the
economic, environmental, and social spheres of the sustainable common agricultural policy. To meet
the 2030 targets, it is important that stakeholders take part in the debate and jointly contribute to
the sustainability of agriculture and food security in the future.
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Abstract

There is no magic and simple answer to the climate change challenge, but rather a bundle of solutions,
all necessary. Agriculture and food are both victims and causes, and our specific responsibility as
scientists is to help mobilize the opportunities that technological progress offers us to produce more
with less and to produce better. The difficulty is how to mutually converge the need to produce to feed
the population with the maintenance of a living rural environment with decent living conditions. There
is no green agriculture in red numbers. Nor will there be an agroecological transition without the active
participation of all the actors in the food chain, starting with farmers and ranchers.

The fields of work are multiple. From Spain, we want to address one, particularly important for us, that
of irrigation, in which research, innovation and technology can contribute to responding to the water
challenge. In Spain, the modernization of irrigated land has allowed, in a decade, for example, the
hectares of localized irrigation to exceed 2 million hectares. But much more is being done and has still
to be done.

Technology allows us to act from the water supply side, not only with desalination plants and possible
technological improvements to reduce their cost, but also (amongst others) with the storage of said
water; with the Managed Aquifer Recharge or with the reuse of regenerated water.

From the demand side, in addition to the already more "traditional" technological improvement in
irrigation, it is worth mentioning (among others) the management of deficit irrigation; genetic
improvement in search of species and varieties less demanding in water for irrigation or even for dry
land; research into cultivation techniques such as conservation agriculture and no-tillage; the
improvement of the soil organic matter content that increases its water retention capacity; the search
for crop rotations...

But for the new opportunities offered by agriculture 2.0 to become a reality, it is necessary to
strengthen the ties between research and the agricultural world. On the one hand, researchers must
be more attentive to the real needs of farmers and ranchers and, on the other, a powerful agricultural
extension must accompany the latter in the process of adopting and learning about innovations.

All this requires that public policies assume these tasks as priorities. The current CAP, in particular with
the Operational Research Groups, has taken steps in the right direction but there is still much to be
done, especially in terms of strengthening farm advisory services. In the new Strategic Plans of the CAP
for the years 2023-2027 (at least in the Spanish Plan), these priorities are reflected. As they are
addressed in the second Pillar of the CAP, for rural development, managed in our country by the
regional governments, everything will depend on their effective commitment.
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1. Introduction

Climate change puts the presence of human beings on our earth at risk. The challenge is colossal and
there is no magic and simple answer but rather a bundle of solutions, all necessary. Agriculture and
food are both victims and causes of climate change and our responsibility is to be part of the solution.

As consumers, we must modify our diets towards greater sustainability. From Spain, we are fortunate
to historically contradict the Mediterranean diet, declared Intangible Cultural Heritage of Humanity.
As citizens , we must promote a circular economy and transform waste into a new source of resources.
But our greatest responsibility as scientists is to help mobilize the tremendous opportunities that
technological progress offers us to produce more with less and produce better.

Europe wants to assume the world leadership of the agenda for the adaptation and mitigation of
climate change. Today's difficulties, such as what we do not hesitate to call the war in Ukraine, cannot
divert our attention from strategic challenges. There even has to be a spur to these changes.

The difficulty of the challenge we are facing is how to make not only compatible but mutually
convergent the need to produce to feed the population (the primary responsibility of agriculture), with
the importance of maintaining a living rural environment with living conditions for its inhabitants. (and
in the first place the farmers) worthy. There is no green agriculture in red numbers. Nor will there be
an agroecological transition without the active participation of all the actors in the food chain, starting
with farmers and ranchers.

The fields of work are multiple. From Spain, in this symposium, we want to address one, particularly
important for us, that of irrigation, in which research, innovation and technology contribute to
responding to the challenge of water. We have used the word “contributes” precisely because we are
aware, at the same time, of the decisive importance of this contribution, but that it is not enough by
itself to respond to this challenge. In our conclusion section, we will expand the discussion to include
some of the additional elements that we feel are necessary.

We do not claim to be exhaustive. When talking about technology and irrigation, the first thing that
comes to mind is irrigation techniques, especially drip irrigation. For this reason, we are going to focus
our purpose on other technological contributions, both on the side of anticipation of droughts (section
3.1) and on the supply side (section 3.2) as well as on the demand for water (section 3.3).

2. Data and Methods

Our contribution is built around the long experience of the two signatories in the monitoring and
knowledge of Spanish agriculture and public policies focused on agricultural activity and the rural world
in Europe and Spain.

It has been completed with a bibliographic review, as well as with meetings of a very active nucleus

within the association to which they belong, the National Association of Agricultural Engineers. In
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addition, a happy coincidence in time has been able to count on the preparatory work and documents
of the V National Congress of Agricultural Engineers, held from September 26 to 28, 2022.

. :
o V/ NROIGNALo:

o INGENIEROS
| cf;) % ® AGRONOMOS

SOLUCIONES DE LA INGENIERIA
AGRONOMICA PARA EL RETO

4 0 ™ DEMOGRAFICO
N _ y INGENIERIA AGROALIMENTARIA
- Y MEDIO RURAL.

Fuente: https://congresoagronomos.es/v—congreso—nacionaI—de—ingenieros-agronomos/

3. Tecnology, a necessary condition

In Spain, the modernization of irrigation has allowed gravity risks to fall from more than one million
hectares to 890,000 in a decade, sprinkler risks from 497,000 to 565,000, and localized irrigation from
1.6 million to more than 2. million hectares. In addition to a change in irrigation methods towards
lower consumption practices, these figures reflect an increase in the total irrigated area of more than
400,000 hectares. Without a true technological revolution, this evolution would not have been
possible.

3.1 The technology to anticipate
Technology allows us to anticipate possible drought situations. The Higher Council for Scientific
Research (CSIC), in collaboration with the Aragonese Foundation for Research (ARAID), and the State

Meteorological Agency (AEMET), has developed an online and open monitor that provides updated
information about the degree of severity of meteorological droughts throughout the national territory.
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3.2 Technology and water supply

Technology allows us to act in different ways from the water supply side. The best known have to do
with desalination plants, the successive technological improvements that have led to the reduction of
their operating cost; the sustainable management of desalination waste, in the first place brine,
transforming a problem into a new source of raw material ( Mavukkandy et al, 2019; Elsaid et al, 2020))
and the increasing use of renewable energies, solar and wind mainly for its operation ( Gude ,
Nirmalakhandan , and Deng, 2010; Sharon and Reddy, 2015; Sohani et al, 2022). At the University of
Malaga, a research project is being developed to desalinate seawater using energy obtained through
photovoltaic panels installed on reservoirs .

Storage in swamps

Nowadays, it is even possible to economically store desalinated or regenerated water in reservoirs
located near the coast. The newest experience in this field is the Salto de Chira pumped-reversible
hydroelectric plant.

The project takes advantage of the existence of two large reservoirs (the Chira and Soria dams) located
in the interior of the island of Gran Canaria to build between them a 200 MW pumped-storage
hydroelectric plant (equivalent to approximately 36% of the peak of demand from Gran Canaria) and
3.5 GWh of storage. The project includes a seawater desalination station and associated marine works,
as well as the necessary facilities for its connection to the transport network. The project will always
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guarantee the necessary flow in the reservoirs through the desalination plant. It allows responding to
two different challenges existing in the Canary Islands, those of energy and hydraulic supply. The
energy produced and the desalinated water produced at times when there is not enough demand is
stored in the upper reservoir.

This technological leap opens up new opportunities in a country like Spain with 8,000 kilometres of
coastline and several reservoirs such as La Vinuela (Malaga ) located near the coast.

I We have 8.000 km of coast near salty water

coast.

@Copyright ACLES Tempero Group

Recharge and reuse of wastewater

The Managed Aquifer Recharge (MAR) is not a new technique (Dillon et al, 2019) but it has undergone
considerable evolution in these almost 65 years. In a recent study on the “Los arenales” aquifer, Henao
et al (2022) conclude that this technology “can effectively alleviate the impacts of toilet scarcity and
drought, providing an adaptation solution to climate change worldwide.” Perdikaki, Makropoulos and
Kallioras (2022) reach the same conclusion studying the case of Greece.

The reuse of wastewater, once regenerated, is another veteran technique (Asano and Levine, 1996;
Melgarejo, J. (2009; Morales, Gil Meseguer and Gémez Espin, 2014) but the current drive for the
circular economy has given it new wings in the European Union (Jeffrey, Yang and Judd, 2022; Bellver
Domingo, 2022; Oller-Alberola et al, 2022) and in the rest of the world (Nguyen et al, 2022).
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3.3 Technology and demand for water

From the demand side, in addition to the already more "traditional" path of technological
improvement in irrigation, it is worth mentioning how much agronomic science can contribute with,
for example, advances in the management of deficit irrigation; research into cultivation techniques
such as conservation agriculture and no-tillage; the improvement of the organic matter content of the
soil that increases its water retention capacity; the search for crop rotations... To all this must be
added, among others, varietal improvement in search of species and varieties that are less demanding
in terms of water for irrigation or, even, for dry land.

Agronomic science

Deficit irrigation seeks to maximize the productivity of crop water instead of maximizing the harvest
per unit of land (Ferreres and Soriano, 2007). Among the most recent contributions of Spanish
researchers in this regard, we could perhaps highlight the doctoral theses of Gutiérrez Gordillo (2022)
on almond cultivation, Vita Serman (2022) on olive groves or Martin Garcia (2022) on almond trees.

The FAO has precisely defined what should be understood by “conservation agriculture” and its three
principles: crop diversification, minimal soil movement and permanent soil cover. In our country, the
Spanish Association of Living Soil Conservation Agriculture (AEACSV) is particularly active. As this
association points out on its website, " in Spain, with just over 8% of the total area of arable crops
under Direct Sowing and 25.7% of the total area of woody crops with Vegetal Covers, there is at the
head of Europe in terms of area under Conservation Agriculture, with a total area of around 1.9 million
ha (year 2015)".
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The increase in organic matter in the soil increases resistance to drought. It helps individual mineral
soil particles form stable aggregates, thus improving soil structure and facilitating tillage. It favors good
porosity, thus improving aeration and water penetration and, therefore, increasing water retention
capacity. Among the most recent works, we could highlight those by Marcos et al (2022) on legumes
and Gabriel et al (2022) on corn cultivation

All these aspects (conservation agriculture, plant covers in woody crops and the increase in the organic
matter content of the soil) have entered through the front door of the Eco-schemes that will be applied
in Spain from January 1, 2023, as foreseen in the Spanish Strategic Plan for the application of the CAP
(PEPAC). The option finally adopted in our country consists of trying to promote, with these Eco-
schemes, agricultural practices that are both beneficial for the environment and for the farmer,
practices already developed by the best farmers in the country and whose generalization would
represent progress. towards an eco-responsible agriculture.

Many European projects in which Spanish agronomists have participated have supported these
developments. Among them, the CLIMAGRI project could be highlighted, for example, which
investigates “good agricultural practices to mitigate climate change and adapt irrigated crops to its
effects”.

Varietal research

Varietal research, without a doubt, is also part of the solution in its two aspects, both in terms of
reducing the water needs of irrigated crops and improving the seeds available for rainfed agriculture.

It is true that, in Europe, all varietal improvement based on genetic improvement has encountered an
unfavorable regulatory framework. genetics related to an application that could be gently described
as “prudent” of the precautionary principle. However, the Communication of the Commission on said
principle (EC, 2000) incorporates among its principles that of “proportionality” which it clearly defines
as follows: “Proportionality means tailoring measures to the chosen level of protection. Risk can rarely
be reduced to zero, but incomplete risk assessments may greatly reduce the range of options open to
risk managers. A total ban may not be a proportional response to a potential risk in all cases. However,
in certain cases, it is the sole possible response to a given risk.”

Everything seems to indicate that, at least with regard to CRISPR gene editing techniques, the situation
could evolve in the coming months. The future Spanish European Presidency for the second half of
2023 has already announced that advancing on this issue is going to be one of its priorities.

The principle of "equivalence in substance", applied in the United States, has not been enough to
convince a large part of public opinion and political decision-makers in Europe, but this new technique
resolves several of the reservations put forward with respect to the first wave of genetic engineering,
such as antibiotic markers and the mixing of genes from different species. Therefore, there can be no
doubt that the CRIPSPE technique deserves a specific evaluation, based on its own merits.

4. Technology is not a sufficient condition

But for the new opportunities offered by agriculture 2.0 to become a reality, it is necessary to
strengthen the ties between research and the agricultural world. On the one hand, researchers must
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be more attentive to the real needs of farmers and ranchers and, on the other, a powerful agricultural
extension must accompany the latter in the process of adopting and learning about innovations.

All this is not possible without public policies that do not assume these tasks as priorities. The current
CAP, in particular with the Operational Research Groups, has taken steps in the right direction, but
there is still a lot to do on both sides.

From the field of research, the research career is still essentially based on the publications made in the
so-called "impact scientific journals". From the point of view of said career, the time invested in
listening to the sector, in disseminating the results and in the extension is not very “profitable”. A first
timid step in the right direction has been taken with the creation of the “sexenios” of dissemination,
but the road ahead is still long.

From the field of public policies, the CAP currently in force made an important qualitative leap,
especially in terms of strengthening farm advisory services. In the new Strategic Plans of the CAP for
the years 2023-2027 (at least in the Spanish Plan), these priorities are reflected but, being located in
the second Pillar of the CAP for rural development managed by the regional governments in our
country, everything will depend on the effective commitment of the different Autonomous
Communities.

5. Conclusion

In this contribution, we wanted to address the challenge of building sustainable and resilient food
systems using water and irrigation management as the common thread, which is so important in our
country.

The necessarily limited nature of this contribution has led us to approach the problem only from a
guantitative point of view. We are aware that the problem of improving water quality also deserves
specific treatment.

We are also aware that the sustainable management of water resources requires a range of solutions,
from the transposition of the Community Directives still pending to a general awareness, from the
political leaders of the different administrations to public opinion in general, going through all actors
in the food chain.

Assuming our part of the necessary social commitment, as agricultural scientists, we have focused on
our great specific responsibility that no one can assume in our place: our contribution from the field
of technological progress. There is much that we can do and even more that we must do.
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Abstract

The strategy of the European Union, Farm to Fork, represents a significant advance in the making of
European food policy. The Farm to Fork strategy focuses on creating a healthy, fair, and
environmentally-friendly food system in the EU. The main objectives of the strategy are the
improvement of sustainable food production and sustainable food consumption, sustainable food
processing and distribution, and food loss and waste prevention. However, the success of the strategy
will depend on the application of specific policy actions of the 27 EU member countries. To ensure food
security, nutrition, and public health, several countries started to use front-of-pack labelling known as
Nutri-Score. It provides information about the overall nutritional quality of the products when
purchasing. This paper is focused on the implementation of the strategy in agri-food-related businesses.
To obtain the primary data, a questionnaire survey was applied. In total, 329 agri-food-related
businesses participated. We analyzed the application of the Farm to Fork strategy concerning health
nutrition, ecology, sustainability and innovations in 3 selected sectors of agro-businesses. According to
the findings, more than 93% of selected businesses perceive the issue of ecology and carry out various
activities such as the protection of air, water, nature, and recycling. Moreover, we found out that 74%
of participating companies use innovations in their businesses (innovative packaging technology, new
forms of customer service, innovative technologies and recipes, offering innovative products,
entertainment and educational activities). Finally, we were evaluating opinions about the Nutri- Score
labelling. From the results, it is evident that in each industry, more than 50% of companies do not deal
with this topic.

Keywords: Agriculture, Farm to Fork Strategy, Food Supply Chain, Green Deal, Sustainability
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1. Introduction

Agriculture is a significant sector of the European economy. It is currently known that food is closely
associated with agriculture, trade, health, development, and the environment. Consumers choose
what food to eat, and it is a right of everyone to have access to healthy, safe and nutritious food,
consistent with the right to adequate food (FAO, 2022). They are more interested in environmental,
health, social and ethical topics, and they seek value in food more than ever before. Consumers are
looking for fresh food, and less processed and should have the power to select sustainable foods
(European Commission, 2020a). Additionally, improving the sustainability of food systems is one of the
world’s most important concerns, along with connected problems such as biodiversity loss, climate
change, food security, malnutrition, and soil degradation. According to Barling, Lang and Caraher
(2002), Mason and Lang (2017), Willett, Rockstrém, Loken, Springmann, Lang, Vermeulen and Murray
(2019), any comprehensive reform of the food system must necessarily address these problems. There
have been requests for (better) integrated solutions to these problems during the past 20 years
(Bazzan, Daugbjerg and Tosun, 2022). To give an example, The United Nations established the 2030
Agenda for Sustainable Development, which comprises 17 sustainable development goals (SDGs). The
SDGs emphasize the desire to eradicate hunger and support sustainable agriculture, better nutrition,
and food security (Nilsson, Allison, William, Dey, Halpern and Mccauley, 2016, Nilsson and Persson,
2017). Similarly, the European Commission released the Farm to Fork (F2F) strategy which is
instrumental in working toward the SDGs (Purnhagen, Clemens, Eriksson, Fresco, Tosun, Qaim and
Zilberman, .2021, Arabska, 2021). The F2F strategy is the fundamental element of the European Green
Deal, which sets out how to make Europe the first climate-neutral continent by 2050 (European
Commission, 2019). According to European Commission (2020a), the F2F strategy supports the
transition toward a sustainable food system by reducing reliance on pesticides and antimicrobials,
reducing nutrient losses, promoting organic farming, improving animal welfare, reversing obesity
trends, reducing food waste, and reversing biodiversity loss.

1.1 Theoretical approaches to the Farm to Fork Strategy

The European Union's F2F strategy, introduced in 2020, strives for a thorough sustainability transition
of the European agrifood sector (Reinhardt, 2022). As argued by Hawkes (2017), an efficient
sustainable food system requires policy coherence across several targets (including agriculture and
health). According to Benton and Bailey (2019), a sustainable food system redefines efficiency to mean
that food systems deliver profits, healthy diets, and a healthy world. Schebesta and Candel (2020)
declare that the Strategies' proposal defines a major shift in the EU food and agriculture industry, and
for that reason, it has been the topic of broad debate. Kénig and Araujo-Soares (2021) point out that
the F2F strategy acknowledges the need for extensive changes throughout the food chain, from the
producer (farm) to the consumer (fork), to lessen the impact of the food system on the environment.
As a result, the strategy focuses on a variety of stakeholders, such as farmers, as well as manufacturing
companies, retailers, and individual users. It lists targets that must be met by 2030. In conclusion, it is
necessary to add that for the strategy to be effective, the stakeholders' behaviour needs to change.

As reported by Mowlds (2020), the F2F strategy represents a chance to boost lifestyles, health, and
the environment. The F2F strategy concentrates on the stewardship of the environment, and also the
outcomes for food security and human health in the EU agricultural sector. The focus is on the four
fields for improvement namely: sustainable food production, sustainable food consumption,
sustainable food processing and distribution, and the last one is the prevention of food loss and waste
(Beckman, Ivanic and Jelliffe, 2021). The F2F strategy is connected to The Biodiversity strategy. As
argued by EUROPARC Federation (2022), these two strategies are interlinked and the complementarity
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between biodiversity and agriculture is thus particularly significant. Moreover, European Commission
(2022b) explains the connection between the F2F strategy and the Common Agricultural Policy (CAP)
which enforces sustainability in agriculture and rural regions across the EU, with the target of making
sure that forestry and agriculture in the EU are socially, economically, and environmentally sustainable.
Moreover, the goals set out in the F2F will be accomplished mostly through reforms of existing policies,
including the EU's CAP (Bazzan, Daugbjerg and Tosun, 2022). Mowlds (2020) points out that the
interdependencies between sectors (such as health and agriculture) must be taken into account in
policy and decision-making processes due to the complexity of the food system. More specifically, as
reported by the European Commission (2022a), the main qualitative target of the F2F strategy is to
speed up the transformation of the food system to one that is sustainable and should ensure:

e neutral or positive effect on the environment,
e help to mitigate climate change and adapt to its effects,
e preservation of biodiversity,
e ensure food security, nutrition and public health, and ensure that everyone has access to
sufficient, safe, nutritious, sustainable food,
e preserve food affordable while generating fairer economic returns, support the
competitiveness of the EU supply sector and support fair trade.
To fulfil the goal that deals with food security, nutrition and public health, the five-colour Nutri-Score
labelling can help. The Nutri-Score label on the front of food packaging provides the consumer with
readable and easy-to-understand information about the overall nutritional quality of the products
when purchasing. The consumer can compare products and direct his choice to foods with favourable
nutritional quality and thus contribute to a healthier lifestyle. The European Union plans to introduce
a unified nutritional system of food labelling from 2023 (Pro Nutri-score Aliancia, 2021). The main
objective of Nutri-Score is to influence consumer purchasing habits in order to encourage people to
make easier, healthier decisions. Consumers can tell how healthy a product is by looking at a front-of-
pack ranking score from A to E (Adifo, 2021).

The quantitative targets of the F2F strategy include, for example, the reduction of pollution by using
50% less chemical pesticides by 2030, a reduction of 20% in fertilizer usage, and a minimum 50%
reduction in nutrient losses (Montanarella and Panagos, 2021, Wesseler, 2022). More objectives of the
F2F strategy contain that by 2030, 25% of EU agricultural land must be used for organic farming and to
bring back at least 10% of agricultural areas under high-diversity landscape features (EUROPARC
Federation, 2022). According to Drapakova and Koren (2021), for Slovakia to meet this target of the
F2F strategy, it would have to increase the area of eco-farms by almost 300 thousand hectares. In 2021,
organic farms in Slovakia covered 10.3% of agricultural land, while the European Union average is 8.5%.
Compared to 2020, the area of organic farms increased by 20%. Up to two-thirds of ecological land
consists of permanent grasslands. Major findings of Cortignani, Buttinelli and Dono (2022) indicated
an improvement in the environmental sustainability of agricultural production in the context of lower
usage of the chemical. Referring to the views of Purnhagen et al. (2022), innovative techniques,
including biotechnology, may lead to an increase in sustainability and organic farming will be
promoted.

Taking into consideration the agri-food supply chain, according to the European Commission (2021)
the aim of the F2F strategy is to enhance the cooperation of primary producers, improve their position
within the food supply chain and increase the transparency of the market. As reported by European
Commission (2020b) and Arabska (2021), building a strong and adaptable food system that can
function in any environment and ensure that citizens have access to a sufficient amount of affordable
food is crucial and it’s getting the more important subject, especially when we faced the COVID-19
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pandemic. Similarly, Dudek and Spiewak (2022), Galanakis, Rizou, Aldawoud, Ucak and Rowan (2021),
Bochtis, Benos, Lampridi, Marinoudi, Pearson and Sgrensen, (2020), Ellison and Kalaitzandonakes
(2020) identify that the food supply chain and the food industry were disrupted by the COVID-19
pandemic all over the world. These claims are also supported by Giudice, Caffera and Morone (2020),
Aday and Aday (2020), Mehra, Kumar, Kumar and Kumar (2021) who declare that the COVID-19
pandemic transformed the whole functioning of the food system from producers, processors,
foodservice operators, logistics, and retailers to final consumers worldwide. It has also highlighted the
interdependence of our global boundaries, supply chains, consumer behaviours, and ecosystems.
European Commission (2020a) appeals that our food system is in peril and has to become more robust
and sustainable. Research done by Ellison & Kalaitzandonakes (2020) was dealing with food waste on
all levels of the food supply chain during the COVID-19 pandemic. Based on the results it can be
concluded that in some cases, severe food shortages were obtained. In other cases, food could not
reach final consumers and it was wasted. Moreover, the food waste grew for some supply chain actors,
namely producers connected to the food service sector who were forced to abruptly close. On the
other hand, processors and grocery retailers, have not experienced such a rise in overall food waste.
Additionally, Riccaboni, Neri, Trovarelli, and Pulselli (2021) declare that research and innovation are
crucial factors in expediting the shift to food systems that are sustainable, wholesome, and inclusive
from primary production to consumption. All things considered, Moschitz, Muller, Kretzschmar, Haller,
de Porras, Pfeifer and Stolz (2021) claim that for implementing the F2F strategy, the 27 specific policy
actions integrating existing and new policy instruments ensuring the sustainable transition is deployed
in all levels of the EU food system have to be applied.

2. Data and Methods

The main objective of this paper was to identify the implementation of the strategy Farm to Fork in
agri-food-related companies. We focused on 3 sectors of agro-businesses and then compared the
implementation of the Farm to Fork strategy. The research was based on primary data obtained from
an online questionnaire survey in 2022. Overall, 329 agri-food-related businesses participated. We
were finding out the field of business, the number of employees and the territorial operation of the
participating companies. Questions regarding sustainability, ecology, innovation, and healthy nutrition
were used to determine the level of involvement in the new strategy of agri-food-related businesses.
Table 1 represents the identification characteristics of participating companies. To conclude, more
than 29% of participating companies were catering facilities and restaurants. Moreover, approximately
20% was represented by retail and 17% of companies were dealing with agricultural primary
production. More than 80% of participating businesses had between 1-49 employees and they mostly
operate their business locally (59%).

Table 1: Characteristics of the participating companies

Variables Categories Frequency (%)
food distribution 3.34%
primary agricultural production 17.32%
retail 20.36%
wholesale 4.86%

Business field food storage 1.21%
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processing of agricultural products and food production 6.07%
gastronomy 29.48%
food production 6.68%
combination of several activities 10.63%
Number of 10-49 30.09%
employees 50-249 9.11%
More than 250 4.25%
Local 59.27%
Territorial area of Regional 20.36%
operation National 8.81%
International 11.55%

Source: author’s calculations

3. Results

Nowadays, the concept of sustainability, climate change and ecology is largely discussed issue. At the
beginning of the questionnaire survey, companies were asked to answer the question dealing with the
awareness of sustainability, environmental protection and topics related to climate protection.
According to the results, it can be concluded that 23% of participating companies consider the
awareness of sustainability and related topics insufficient. On the other hand, only 20% of answers
were positive and companies consider the amount of information on sustainability, environment, and
climate to be sufficient. More than 57% of the answers stated that whoever wants the information,
will search (Figure 1).

Figure 1: Awareness of the topic of sustainability in production and consumption, environmental
protection and other topics related to climate protection

20%
awareness is sufficient
awareness is insufficient
57%
23% whoever wants the information,

\/ / will search for it

Source: author’s calculations

The next question provides an interesting comparison. We were investigating the level of involvement
in healthy nutrition of retail, catering facilities and restaurants and agricultural primary production
companies. Results revealed that companies operating in retail (73.13%) and gastronomy (72.16%)
consider healthy nutrition as a serious issue and develop different activities (for instance the
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production and offer of healthy food products, for special nutrition e.g. for diabetics, gluten-free and
lactose-free food, vegetarian or vegan products). On the other hand, businesses operating in
agricultural primary production (70.17%) do not consider the topic of healthy nutrition to be
important. When it comes to the issue of ecology, all of the investigating sectors expressed a positive
opinion (usage of environmentally appropriate technologies in production and logistics (such as the
protection of air, water, the surrounding nature, welfare and recycling waste).

Innovations could represent a crucial factor in expediting the shift to sustainable and healthy food
systems. The next question was focused on using innovations in business, in several ways, such as
innovations in the form of communication with customers, innovative packaging technology, new
forms of customer service, innovative technologies and recipes, offering innovative products,
entertainment and educational activities for, for example, children, families, and others (playgrounds,
educational trail, wellness, outdoor fitness). Our results demonstrate that most of the participating
companies use innovations. More than 80% of gastronomy facilities declare that they use innovations.
Approximately 60% of participating companies in retail use innovations and 80% in agricultural primary
production.

The final question was dealing with the Nutri-Score labelling on products. The main objective of this
label is to determine a product's healthfulness by looking at the front-of-pack ranking score, which
ranges from A to E and informs the consumer. We were asking the participating companies their level
of knowledge about the label. From the results, it is evident that in each business, more than 50% of
companies do not deal with this topic. On the contrary, 38% of catering facilities and restaurants
support or partially support this labelling according to how it affects health. In retail, more than 36%
of participating companies support Nutri-Score labelling. Finally, 37% of companies in agricultural
primary production support front-of-pack labelling. 2% of companies in the catering a restaurant
sector thought that Nutri-Score labelling is discriminatory for some products.

Table 2: Knowledge about the food traffic light, or the Nutri-Score initiative

Partial Significantly This labelling is We do not
support Support discriminatory deal with this
issue
Gastronomy 28.86% 10.30% 2.06% 58.76%
Retail 22.38% 14.92% 5.97% 56.71%
Primary agricultural 21.05% 17.54% 7.01% 54.38%

production

Source: author’s calculations

4, Discussion

Based on the results of the questionnaire survey, it is evident that only 20% of responses were
favorable, and businesses believe that the available data on sustainability, the environment, and
climate are sufficient. A study by Favi et al. (2017) examined how 52 Italian enterprises view and are
aware of environmental sustainability challenges. 52% of answers indicated that sustainability offers
a chance for product and service innovation. Only 6% of the sample uses sustainability for marketing
purposes, while 37% of respondents only use it to fulfill requirements and standards. The remaining
5% of respondents never think about sustainability in their everyday activities. Furthermore,
participating businesses had to state which environmentally sustainable activities are carried out in
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their businesses. Most businesses carry out activities that are connected with illumination and heating
efficiency, plant efficiency, biomass exploitation, certification and development of environmentally
friendly products (recyclable materials, efficient engines, etc.). Finally, Alves, Ferreira and Araujo
(2018) investigated the perception and awareness of sustainability in businesses in Brazil. The findings
demonstrate the disparity between large and small businesses. In the context of sustainability, the
results show a lower level of awareness of the effects of activities in small businesses.

The next research question was dealing with the Nutri-Score label on the front-of-pack of food and
beverages. The Nutri-Score system in Slovakia is voluntary. Based on our results, it can be concluded
that the selected companies do not consider the food nutrition labelling system Nutri-Score as a
serious issue. The Pro NutriScore Alliance was established only in 2021 in Slovakia. The main object of
Alliance is to support the nutritional labelling of products by the Nutri-Score and inform consumers.
The food producer registers and documents necessary documents and can use the Nutri-Score
labelling system. Slovak consumers may already encounter the Nutri-Score label on food products of
several companies (Pro Nutri-Score Aliancia, 2021). According to Mialon, Julia and Hercberg (2018),
the front-of-pack nutrition labelling system, known as Nutri-Score, was acknowledged by the French
government in 2017. More than 70 companies adopted the usage of labelling voluntarily in 2018. The
available research done by Public Health France in 2020 shows that from 2017 the figure has risen to
500 companies that adopted the front-of-pack nutrition labelling. The survey also finds out that 93%
of French participants considered the Nutri-Score labelling useful for knowing the nutritional quality
of products. Over 57% of participants knew the Nutri-Score logo and had changed one or more
purchasing habits (Southey, 2021). Furthermore, other countries like Germany, Spain, Portugal,
Austria, Belgium, and the Netherlands have chosen the voluntary implementation of the Nutri-Score
system (Adifo, 2021). In Germany, 116 German companies with 236 brands have already registered to
use this nutrition label in 2021 (BMEL, 2022).

When taking into consideration the usage of innovations in selected businesses, the results showed
that most of the companies use innovations in different forms. As stated by Knickel, Brunori, Rand and
Proost (2009), Van der Ploeg, Bouma, Rip, Rijkenberg, Ventura, and Wiskerke (2004), innovations in
the agro-food industry typically entail much more than just technology, it includes marketing,
management, organization, and design. Innovations are the result of fresh approaches and various
modes of thoughts. Research done by Riccaboni et al. (2021) describes the importance of innovations.
Agribusinesses have a significant potential to invent within their capabilities for a practical transition
to sustainability, which might eventually become a market-focused competitive force. Additionally,
innovations in the agri-food industry that are focused on sustainability could address a wide range of
topics, from technical ones that optimize breeding and agricultural practices to those that target
consumers by promoting sustainable food paradigms and policymakers by supporting public-private
initiatives. Research by Moravcikova, Tka¢ and Musinska (2021) analyzes characteristics and factors
that influence the innovative performance of Slovak in 99 agro-food firms. Moreover, the study is
dealing with the types of innovations as well as issues that can affect how well they are implemented
and evaluated. According to the results, up to 77% of respondents, considered innovation as a crucial
factor in increasing a company's competitiveness. Approximately about 75% of respondents claimed
to have implemented innovations over the previous five years. More than 33% of respondents
indicated technical innovation. Innovations in products and services, such as brand-new ones or
upgrades to already-existing ones, were put into practice by 26% of respondents, while innovations in
marketing strategies and organizational procedures were announced by 15% of respondents.
According to the findings, 89% of respondents believe that the rise in product quality is the most crucial
element for innovations. The need to reduce costs for the business and boost its competitiveness are
additional significant factors for 86% of respondents. The expansion of products or services was viewed
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as an important element by 75% of the businesses contacted. On the other hand, the overwhelming
majority of respondents (91%) agreed that a lack of funds is the main obstacle to implementing
innovation. Donaldson (2022) proves innovation in form of digital devices aimed at ensuring food
integrity and the control of supply chains are shown to reconstitute infrastructures of qualification by
which the qualities of foodstuffs are established as they move through the processes of the supply
chain, from production to consumption. As stated by Freidberg (2013), innovations in form of
digitalization represent a possibility to increase information in the food sector. Moreover, according
to Carolan (2018), innovations can form consumer behaviour. Finally, research carried out by Van
Rijswijk and Frewer (2011) was analysing the traceability of food systems as a new trend in innovations.
Based on the findings, there is a need for a variety of information regarding food and the production
processes involved. However, for traceability to have a real impact on consumers, the information that
is supplied to consumers must be accurate, reliable, and clear.

5. Conclusion

The Farm to Fork strategy provides a bold plan for European agriculture and the food sector. The
fundamental targets of the strategy are to improve sustainable food production and consumption,
sustainable food distribution, and the prevention of food loss and waste. The aim of this paper was to
identify the application of the Farm to Fork strategy in selected companies. We focused on health
nutrition, ecology, sustainability and innovations in 3 selected sectors. Our results showed that more
than 93% of selected businesses perceive the issue of ecology and carry out various activities such as
the protection of air, water, nature, and recycling. Additionally, 74% of participating companies use
innovations in their businesses (innovative packaging technology, new forms of customer service,
innovative technologies and recipes, offering innovative products, entertainment, and educational
activities). Lastly, we were evaluating opinions about the Nutri-Score labelling. Based on the results, it
is evident that in each industry, more than 50% of companies do not deal with this topic.
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Abstract

In 2022, a global food crisis broke out due to three main factors. The first is climate change, which is
related to the harvest, other measures related to the COVID-19 pandemic, which have disrupted the
supply chain, and the last decisive one is the ongoing war in Ukraine. These factors primarily caused
shortages in the supply of cereals, which we will focus on in our research. The main goal of paper is to
evaluate the development of purchase, sales and consumer prices of selected cereals and cereal products
in the Slovak Republic. We focus on the prices of food wheat, food rye, wheat-rye bread, fat roll and
semi-coarse wheat flour for the period January - July 2022. Based on the research results is evident
that the purchase prices of wheat had mostly a rising trend, and they grew the most in April 2022. In
May 2022, the price of food wheat had reached its maximum, up to EUR 362.33 per ton. The growing
price of food also caused the growth of consumer prices of wheat products. Compared to January 2022,
all examined consumer prices were higher in July 2022, the price of selected semi-coarse wheat flour
grew the most, by almost 50% during analysed period.

Keywords: global food crisis, grain, inflation, price

JEL Classification: 002, Q11

1. Introduction

Wars and violent conflicts are a frequent cause of food crises. Even now, we are witnessing the
global food crisis, which has fully erupted precisely as a result of the ongoing war in Ukraine.
More serious problems with food supplies began already in 2020, when disruptions in the
supply chain caused by measures against the spread of the COVID-19 disease were a frequent
phenomenon (Esfandabadi, Ranjbari & Scagnelli, 2022). The situation was further aggravated
by climate changes, which have had a significant negative impact on agricultural production
for several years. The world suffered from economic shocks and economic slowdowns (Yu,
Hu, Tong, Xia & Ran, 2022).

Ukraine is an important producer of wheat; it is its fifth largest exporter (Benton et al., 2022).
However, Russia's military operations have caused the interruption of a large part of wheat
exports, as the export routes are blocked. 20 million tons of cereals are due to the war blocked
in ports (Ahmed, Blight, Ford & McMullan, 2022). Even now, when the blockade is over, occur
serious problems with wheat supply. The countries of Africa and the Middle East, which depend
on Ukrainian wheat, suffer the most (Balma, Heidland, Javervall, Mahlkow, Mukasa et al.,
2022|). Africa is the most endangered continent by hunger. According to the Food and
Agriculture Organization of the United Nations [FAO] (2022), in 2021, 702-828 million people
worldwide suffered from hunger, that is, approximately one tenth of the world's population was
undernourished. The greatest prevalence of malnutrition was in Africa, up to 20.2%. The lack
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of wheat pushes its price up. The price of wheat on world markets has increased by more than
40% since the beginning of 2022 (Macrobond, 2022).

The countries of European Union, suffer from global food crisis, too. The war in Ukraine caused
price shocks for food and fertilizers. The price of fertilizers has doubled from December 2019
to May 2022. Fertilizers are important inputs to agricultural production, so the jump in fertilizer
prices was also reflected in the prices of agricultural products (Haller, 2022).

The European Union as well as the governments of its member states are facing two global
problems, which are food security and food availability. It is trying to introduce measures aimed
at ensuring the availability of food to citizens, especially the most vulnerable groups. Common
agricultural policy is provided in the EU and thanks to that, food shortages do not threat the
member states, but the low-income families suffer under food inflation. The European Union
can take the following measures against inflation: facilitate advance payments to address cash
flow challenges; allow temporary derogations on some requirements, such as set-aside land;
adopt a crisis framework to provide further support. Also, the member states themselves can do
the following things: reduce VAT rates; encourage retailers to keep prices down; use dedicated
EU funds to help the most deprived (European Council & Council of the European Union, 2022).

The Slovak Republic is a small country, both in Europe and globally. Slovakia's agri-food
foreign trade does not have an important position for these countries. It is therefore important
for the Slovak Republic to engage in international trade (Lateckova, Trnkova, Palkovi¢ &
Holubek, 2021). So, it is not surprising that Slovakia is hit by the embargo of Russian agri-food
products (Kast'akova, Zatko & Jarossova, 2022). Slovakia feels the negative impact of the war
through commodity supplies from Russia and Ukraine. We mean gas, oil or cereals. Their prices
are rising and grain production in Ukraine will be lower. Food prices are growing the fastest in
Slovakia and thus contribute the most significantly to inflation. Despite the partial decline in
the prices of food commodities in the world Economic and monetary development markets after
reaching an agreement on the export of commodities from Ukraine, there are pressures on the
growth of food prices enormous. They are supported by other input prices such as for example,
fertilizers, fuels, energy and, finally, the weather. (National Bank of Slovakia [NBS], 2022).
The inflation rate in Slovakia reached 14% in August 2022, increased by 0.8% month-on-
month. The prices of bread and cereals increased by 1.5%. As for food prices, they are more
expensive by 21.6% compared to August 2021, while the prices of bread and cereals have
increased the most, by 24.5%. Currently, food is the second largest item of expenditure after
housing and energy (Statistical Office of Slovak Republic [SU SR], 2022).

2. Data and Methods

The aim of the paper is to evaluate the development of purchase, sales and consumer prices of
selected cereals and cereal products in the Slovak Republic. To reach this main goal, we analyze
the average monthly prices of cereals and cereal products in Slovakia for the period January —
July 2022. We divide our research into three parts. In the first part we examine the purchase
prices of grain. Two commodities were chosen for the research — food wheat and food rye and
the values are featured in euros per ton. The second part is devoted to sales prices of cereal
products and we analyze there the prices of wheat-rye bread and fat roll. The prices are given
in euros per 100 kg. In the final part of research, we evaluate the consumer prices of final
products and we focus on four products — semi-coarse wheat flour, bread, cereal bread and fat
roll. In this part, the prices are given in euros per kilogram and for fat roll, they were recalculated
from price per 40 grams to 1 kilogram. The values originate from the data of the Agricultural
Payment Agency [APA] - Agrarian market information of Slovakia [ATIS], which periodically
report information about situation on the agricultural markets.
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By analyzing the data, the time series method is used. Time series can be defined as a certain
grouping of the elements of some statistical sign based on chronological order.

The time series are appropriately ordered only when they three conditions:

e the possibility of comparing data over time, i.e., the time periods must be of the same
length,

e spatial comparability of data,

e the possibility of comparison based on content (Kirchgdssner, Wolters & Hassler,
2013).

Indicators:

e Absolute increase — tells us how the given values change compared to the previous time
period, we can express it using the difference between the value of the current and the
previous period.

Ay.=Vyi-yu1,t=23,...,n (D
where:
vt value in date t
yt1  value in previous date
t date
n number of dates

The average absolute increase is an arithmetic mean of the absolute increase.

n

— 1 y -y

SR M @
where:
¥n value in date n
yi value in date 1

e Growth coefficient — represents a multiple of the average growth of the given element
compared to the previous period.

Ve o
kt_ Vel t 2, 3, ey NN (3)
where:
yt value in date t
yt1  value in previous date

The average growth coefficient can be expressed as the geometric mean of the growth
coefficient.

k="1/lgks k=" [ .
Y1 4)
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where:
ka3  growth coefficients in dates 2 and 3
kn growth coefficient in date n Litschmannova (2010)

A linear trend line is a part of graphs created in our research. Trend can be defined as a change
over a period of time. Trend line represents a line which show us a pattern or trend on a graph.
Trend lines can be also used to make predictions of the future. We distinguish three types of
trend line, a trend line with positive slope, a trend line with negative slope and a horizontal
trend line. A trend line with a positive slope indicates a positive relationship between the
variables, so when one variable increases, the other increases, too. When a trend line has a
negative slope, it indicates a negative relationship between the two variables. When one goes
up, the other goes down, and vice versa. A horizontal trend indicates a constant relationship
between the two variables. No matter which direction one goes, the other stays the same
(Kirchgiéssner et al., 2013).

3. Results and Discussion

In our research we examine the development of purchase, sales and consumer prices of selected
grains and cereal products in Slovakia in the period January — July 2022.

3.1 Purchase prices of selected grains

We begin with the first stage of the product vertical of grains, which are products of primary
agricultural production. We selected two products which average monthly prices are available
for public in the reports of the APA - ATIS. These products are food wheat and food rye. We
have chosen these two grains because they are very important for nutrition of Slovak
population. On the shelves in supermarkets in Slovakia, wheat and rye products are the most
common. The average monthly purchase prices for food wheat and food rye are shown in the
graph below.

Figure 1: Purchase prices of selected grains in Slovakia January — July 2022 (EUR/t)
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The trend lines shown in the graph show that the purchase prices of both food wheat and food
rye in Slovakia followed an upward trend during the period January — July 2022, while the slope
of the linear trend line was very similar for both commodities examined. The growth rate of
both wheat and rye prices was around 5%, which can be assessed as a significant rise. The
price of rye grew slightly faster than the price of wheat. While on average the price of wheat
rose by 4.7% month-on-month, for rye this increase was 5.3%.

However, if we look at price developments in individual months, we see a significant difference
between commodities. The development of the price of wheat did not experience such
significant fluctuations during the period considered as in the evolution of the price of rye. We
can also see the differences between the trend in price developments during the months of
February-July, that is, since the outbreak of the war in Ukraine. While the price of wheat rose
significantly in the months of February — May, the price of rye, on the contrary, fell by 27.78
EUR/t in March and remained at a relatively constant level during April and May, the increase
in the price of rye during this period was only minimal. However, the price of wheat recorded
the largest month-on-month increase in April, up to 42.35 EUR/t. In June, the situation turned
around. The price of wheat fell for the only time in the period under review and a jump of
116.82 EUR/t was recorded in the price of rye. In the last examined month, the trends twisted
again, while the price of wheat rose to 371.16 EUR/t, the price of rye decreased to 298.97
EUR/t. The price of food wheat was in July the highest of all examined months.

3.2 Sales prices of selected cereal products

After we have analysed the prices of primary agricultural products, we continue to examine the
next stage of cereal products vertical, which are products intended for sale by retail
undertakings. So, we examine the sales prices of these products. We have chosen wheat-rye
bread and fat roll because these are sold to the retailers in huge amounts.

In the following graph are displayed the sales prices of wheat-rye bread and fat roll in Slovakia
in January — July 2022.

Figure 2: Sales prices of selected cereal products in Slovakia January — July 2022
(EUR/100kg)
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In contrast to the purchase prices of selected grains, the sales prices of cereal products did not
change dramatically at all over the period considered. The prices of both wheat-rye bread and
fat roll had a slight upward trend. The average month-on-month price increase during the
months under review was minimal. On average, the price of wheat-rye bread increased by only
0.84% month-on-month, and with the price of a roll, this growth was even smaller, only 0.69%.
The wholesale price of the roll was around EUR 25/100kg higher than the price of wheat-rye
bread during the period considered.

The price of the roll did not change in February compared to the previous month, but after the
outbreak of the war in Ukraine, it increased slightly by EUR 0.25/100 kg. The crisis did not
fully manifest itself in the price of the roll until April, when it jumped by EUR 5/100 kg. In
May, the price of the roll remained at a constant level. In June, a reduction of 1.5 euros was
noted. It held at a constant level, and in July the price increased by 2.25 euros. In July, 100 kg
of fat roll costed 148 euros.

The development of the price of wheat-rye bread had a different course. Even in the period
before the war, its price rose slightly by 0.21 euros compared to the previous month.
Interestingly, however, in March the price even decreased by more than 1 euro, and in April
this decline continued, albeit to a lesser extent. In May, when the price of the roll stabilized, on
the contrary, the price of wheat-rye bread soared by almost 5 euros. In both June and July, the
development of the price of wheat-rye bread followed the same course as the development of
the price of the roll. In July 2022, retailers were able to buy 100 kg of wheat-rye bread for
112.39 euros, which is 5.51 euros more than at the beginning of the year.

3.3 Consumer prices of bread and pastry

Finally, we will look at the evolution of the prices of final grain products. We will examine the
consumer prices of four selected products, which often appear in the consumer basket of Slovak
residents. These include semi-coarse wheat flour, bread, cereal bread, and fat roll. Data on their
average monthly prices are shown in the graph.

Figure 3: Consumer prices of bread and pastry in Slovakia January — July 2022 (EUR/kg)
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The graph shows that all items of bread and pastries selected by us had a slight upward trend
during the reporting period. The prices of semi-wheat flour, bread and wholemeal bread were
constantly increasing. The prices of fat roll either increased by leaps and bounds during the
period under review. All prices rose most strongly compared to the previous month in April,
when the food crisis took full effect. On the other hand, prices increased at least in February, in
the period before the outbreak of the war in Ukraine.

If we look at the price development of individual items, we find that during the months of
January - July 2022, the price of flour rose most significantly, up to three times compared to
the other foods analysed. The average month-on-month increase in the price of flour was 6.6%.
In absolute terms, the price of flour increased by EUR 0.27/kg in July compared to January,
a 47% increase. Most significantly, its price rose in April, by 0.11 euros. In July 2022,
consumers were able to buy a package of semi-wheat flour for 0.85 euros.

As for the other items examined, wholemeal bread showed the second largest price increase.
On average, its price increased by 2.8% month-on-month. Overall, it increased by EUR 0.62/kg
compared to January in July. In July, 1 kg of wholemeal bread cost 4.16 euros/kg.

An even smaller increase was shown by the price of bread, averaging 2.2% per month. Also,
the April price jump was lower than the previous two items, the price increased by 0.06 EUR/kg
at that time. In July, the price of bread stabilised at 1.93 EUR/kg, which is 14% higher than in
January.

The price of the fat roll was the least sensitive to the events of the last year. Over the period
under review, it grew by an average month-on-month increase by 2.1%. In February and June,
even its price did not rise at all, but remained at a constant level. In April, however, the price
of the roll reacted more strongly to the war in Ukraine than the price of bread, at that time the
price of the fat roll increased by EUR 0.13/kg. The price increase for the entire period under
review amounted to EUR 0.28, in relative terms 13%. and during July 2022, consumers were
able to buy kg of rolls for 2.38 euros.

3.4 Discussion

On the previous graphs, we could observe a significant increase in the prices of primary
agricultural commodities, namely food grade wheat and food grade rye. Peter Mocko, chairman
of the Slovak Millers Association in the report made by Hilbertova (2022), states that wheat
prices in Slovakia are determined by export prices. It is the stock exchanges that determine the
price. The high rise in world prices can be attributed to the reduction in grain supply on the
world market, mainly due to the mainly due to the war in Ukraine and the related temporary
stoppage of wheat exports from Ukraine and Russia and due to the ban on wheat exports from
India. The lack of grain supply combined with high demand is pushing up prices.

At the same time, the Food Chamber (2022) notes that Russia is a large importer of fertilizers
to Slovakia, especially urea and phosphorous fertilizers, the price of which has increased
significantly in the recent period. If the conflict were to last for a longer period, a problem may
arise when establishing a new crop, and substitutes will have to be sought, mainly in phosphoric
fertilizers.

It is noteworthy, however, that the food crisis did not affect the wholesale prices of wheat-rye
bread and fat rolls, nor the consumer prices of baked goods to such a significant degree as the
prices of grain. The only exception is the price of flour, which grew even more than grain prices
on average month-on-month during the monitored period. In a report made by HriciSinova
(2022), Vlada Debnarova, secretary of the Association of Cereal Growers, explains that the
costs of buying grain make up only a third of the consumer prices of bread. The rest is made up
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mainly of costs for energy, transport, packaging, and other costs, as well as the trade margin of
retailers. It is precisely the high trade margin that justifies the much higher growth of retail
bakery prices than wholesale prices. Debnarova further states that in the case of flour, grain
costs account for up to 70% of its price, and thus the rise in grain prices accelerates the rise in
flour prices much more than other grain products.

The uncertainty of future market developments is extremely high. Inflationary pressures weigh
on the financial situation households and companies (Saadaoui, Jabeur & Goodell, 2022). The
European Central Bank [ECB] plans a tightening of monetary policy on a global scale dampen
consumer demand. Businesses continue to face higher costs and supply chain disruptions,
although there are tentative signs of some easing of supply constraints. These factors
significantly overshadow the outlook for development in the second half of 2022 and beyond.
(Mota & Fernandes, 2022).

In its latest report on economic and monetary development, the NBS (2022) created two
different scenarios - positive and negative — of how the macroeconomic situation in Slovakia
could develop in the next year. In a positive scenario, energy prices would rise by 50% in 2023,
which would affect the development of inflation. It would be at the level of 13.5% and the
Slovak economy would avoid recession. Moderate 0.5% economic growth would continue.
However, the negative scenario that can occur with a lack of natural gas assumes an inflation
rate of up to 22%, which would cause a significant decrease in consumer wealth. As a result,
a recession would occur, GDP would fall by more than 4%.

4. Conclusion

We are currently living in turbulent times when it is difficult to predict the future. Institutions
at both national and international level face major challenges. In addition to ongoing climate
change, they also have to deal with the consequences of pandemic measures and deal with the
impact of the Russian-Ukrainian conflict on world markets. One of the most serious
consequences of recent events is the food crisis. The world is suffering from food shortages and
rising food prices. Food shortages are a problem especially for the countries of Africa and the
Middle East, as these countries are dependent on Ukrainian wheat, which is currently in short
supply on the world market. The situation is aggravated by the Indian embargo on wheat
exports. Thanks to its common agricultural policy, the European Union is protected from food
shortages, but its member states are greatly concerned about rising food prices. The EU can
take the following measures against inflation: facilitate advance payments to address cash flow
challenges; allow temporary derogations on some requirements, such as set-aside land; adopt a
crisis framework to provide further support. The dramatic rise in the price level also affects the
Slovak economy. We can observe a galloping food inflation. The inflation rate in Slovakia
reached 14% in August 2022. Food is by 21,6 % more expensive than it was in August 2021.
The prices of bread and cereals have increased the most, nearly by 25%.

The main goal of paper was to evaluate the development of purchase, sales and consumer prices
of selected cereals and cereal products in the Slovak Republic. We focus on the prices of food
wheat, food rye, wheat-rye bread, fat roll and semi-coarse wheat flour. We examined the
average monthly data of individual commodities for the period January — July 2022. The data were
drown of the Agricultural Payment Agency - Agrarian market information of Slovakia. We used
the method of time series and for each commodity we added a linear trend line in the graph.

Prices of every commodities have been rising during January — July 2022 but the velocity of
growth was very different. The purchase prices of both examined grains — food wheat and food
rye were increasing on average month-on-month by about 5%. However, by food rye, there was
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a bigger volatility than by food wheat. In July 2022 one tonne of food wheat could be bought
for 371.16 euros and one tonne of food rye for 298,97 euros. The high growth of grain prices
was caused mainly by the ongoing war in Ukraine. The exports from Ukraine and Russia are
much lower than before the conflict and India has banned the export of wheat, so there is not
enough supply on the world market what has pushed the prices upwards. The second factor is,
that the prices of inputs have grown, namely the prices of energy, fuel and fertilizers. The sales
prices of wheat-rye bread and fat roll were growing slowly in comparison to food wheat and
food rye. On average, the price of wheat-rye bread increased by only 0.84% month-on-month,
and the price of fat roll by only 0.69%. In July 2022, retailers were able to buy 100 kg of wheat-
rye bread for 112.39 euros, and 100 kg of fat roll for 148 euros. The reason for slower growth
is that grain prices make only 30% of total costs of bread and pastry. The consumer prices of
bread, cereal bread and fat roll, these were growing every month on average by about 2%.
However, the price of semi-coarse wheat flour was growing three times faster, by 6,6%. Total
costs of wheat flour consist by 70% of the costs of wheat in comparison to bread and pastry and
this is the reason for the greater increase.

It is very difficult to predict the future development of price level and experts have made more
scenarios. As for Slovakia, there are two scenarios created by National Bank of Slovakia. In
positive scenario the price of natural gas will grow by 50% and there will be a minimal
economic growth but in the negative scenario will Slovak economy in 2023 turn into recession
and the inflation rate will be more than 20%. Because almost every other prices depend on
energy costs, it is recommended that Slovakia and also the European Union focus primarily on
problems with gas and electricity supply.
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Abstract

Nowadays, the bakery market is affected by the current economic situation, the lack of cereals, the
economic difficulty of growing crops and the global food crisis. In the recent period, there have been
changes in consumer preferences for bakery products consumption, as well as changes in consumer
lifestyles related to food consumption regarding the health, sustainability, and environmental
protection. In the following years the bakery industry can be significantly affected by the production of
fresh and durable bakery products from insect flour, the production of which is efficient, economically
advantageous, and in addition, the consumption of insect flour, which is rich in nutritional components,
positively affects consumers' health. The aim of the paper is to point out the acceptability of insect flour
and bakery products made from insects by Slovak consumers, as well as to identify key motives and
barriers to insect flour bakery products consumption. The aim of the paper was achieved by conducting
a consumer survey, which was carried out in 2021 and 2022 in Slovakia (n=733 respondents). The
collected data were evaluated and processed using mathematical and statistical methods. The research
results showed that up to 70% of Slovak consumers are unaware of the existence of insect flour bakery
products. On the other hand, 2.6% of Slovak consumers consumed insect flour bakery products.
Furthermore, approximately 30% of consumers consider insect flour to be a suitable or acceptable
substitute for classic flour, and 25% of Slovak consumers perceive insect flour as a possible alternative
to classic flour in the future or as a long-term solution of bakery industry sustainability and drought
problems. A positive finding was that 5.5% of consumers can imagine consuming insect flour bakery
products in the future, and 37% of consumers would at least try these innovative foods. The main
reasons for consuming are the health aspect, taste, and environment protection. The results further
showed that more than half of Slovak consumers cannot imagine consuming insect flour bakery
products in the future, and key barriers are habit of classic flour, fear of loss of appetite, or lack of
information. The important motives for insect flour bakery products consumption are the taste and
appearance similarity to bakery products made from classic flour and higher consumer awareness of
insect bakery products consumption. Based on the results of the consumer study and the situation on
the food market, it is desirable that Slovak consumers gradually become familiar with and informed
about alternative eating and accept the possibility of consuming insect flour bakery products. The
consumer study maps the current situation of consumer perception of insect flour bakery products in
Slovakia and thus fills a research gap, because this issue has not yet been examined in Slovakia. Results

77 https://doi.orqg/10.15414/2022.9788055225579.77-85



mailto:kubicova.lubka@gmail.com
mailto:kristina.predanocyova@uniag.sk
https://doi.org/10.15414/2022.9788055225579.77%E2%80%9085

Sustainable, Resilient and Fair Food Systems in the EU and Globally
International Scientific Symposium, Bratislava — Nitra, October 6-7, 2022

of this study can be a suitable basis not only for the scientific and research sphere, but also for bakery
businesses and experts in the field of public health and food legislation.

Keywords: consumer, bakery products, consumer acceptability, consumer perception, insect flour

JEL Classification: Q13, M31, M39

1. Introduction

Nowadays, the bakery market reflects the changes in the economic, social and legal institutions
countries (Kostyuchenko, Kosovan, Shaposhnikov & Martirosyan, 2019. Bread and other bakery
products are consumed throughout the world due to they are one of staple foods (Mafu, Ketnawa,
Phongthai, Schonlechner & Rawdkuen, 2022). However, the current market for bakery products is
significantly influenced by consumers' interest in healthy eating, pleasure and convenience in
connection with their changing lifestyles, as well as aspects related to sustainability and environmental
perspectives (Martinez-Monzé, Garcia-Segovia & Albors-Garrigos, 2013; Strid, Hallstrom, Sonesson,
Sjons, Winkvist & Bianchi, 2021). In connection with the new trends affecting the bakery products
market, Mitelut, Popa, Popescu, and Popa (2021) emphasize that it is necessary to produce new
innovative bakery products using various functional ingredients that will satisfy consumer demand for
healthy foods. In this context, the enrichment of bakery products with other plant components with
high nutritional value is becoming relevant (Martinez & Gomez, 2019). Nowadays, increasing consumer
demands for health and sustainability can be fulfilled by legume flour as an ingredient in bakery
products (Bresciani & Marti, 2019) or the use of oilseeds (flaxseed, chia, sunflower, pumpkin, sesame
and poppyseed) in breads and other bakery products (De Lamo & Goméz, 2018). The enrichment of
bakery products with defatted sunflower seed flour (Graso et al., 2019) and flaxseed flour (Coding,
Istrate, Gontariu & Mironeasa, 2019) are other options to meet market requirements. In many studies,
insect flour is mentioned as an ingredient for enriching wheat bread, and it is possible to use various
edible flours, e.g.. mealworm, buffalo worm, cricket (Kowalski, Mikulec, Mickowska, Skotnicka &
Mazurek, 2022; Gonzalez, Garzén & Rosell, 2019).

Production of edible insect and insect flour is efficient, economical, eco-friendly, sustainable (Yazici &
Ozer, 2021; Huis, Itterbeeck & Klunder, 2013). In addition, the consumption of insect flour is very
healthy because this flour is rich in nutritional components, mainly proteins and is also good source of
fatty acids. Insect flour improves the biological value of bread due to its high protein properties (Patel,
Suleria & Rauf, 2019; Zieliiska, Pankiewicz & Sujka, 2021; Papastavropoulou, Koupa, Kritikou, Kostakis
& Proestos, 2021). The results of the study conducted by Kowalski et al. (2022) indicated the possibility
of using insect flour for bread production, because the enrichment of bakery products with insect flour
contributes more to the health of consumers compared to the wheat alternative. For this reason, it is
possible to assume that in the following years the bakery industry can be significantly affected by the
production of bakery products from insect flour.

In order to expand the use of insect flour as an ingredient in bakery products, consumer acceptability
of edible insect is necessary. Key motivating factors for the consumption of insect-based food products
are health considerations, high nutritional values, strong sustainability awareness, or information
related to origin, production and safety (Wendin & Nyberg, 2021; Legendre, Jo, Han, Kim, Ryu, Jang &
Kim, 2019; Palmieri, Perito, Macri & Lupi, 2019; Barton, Richardson & McSweeney, 2020). On the other
hand, studies conducted by Lammers, Ullmann and Fiebelkorn (2019); Sogari, Bogueva, and Marinova
(2019), as well as Chang and Chen (2019) found that environmental and nutritional benefits would
probably not have a positive effect on the consumption of insect-based products. In connection with
the above, it is important to emphasize important psychological factors that influence consumer
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acceptability of insect consumption (Wendin & Nyberg, 2021). Neophobia and disgust are considered
as the two main psychological factors for the rejection of insects as food or as ingredient in food
products (De Carvalho, Madureira & Pintado, 2019). Other factors determining the acceptability of
insects as food are sensory attributes, especially the appearance of products containing insects, social
and cultural norms and peer influence or increased awareness and knowledge about insects as food.
The mentioned aspects should eliminate barriers related to fear of consumption and disgust (Wendin
& Nyberg, 2021).

In the context of the mentioned the aim of the paper is to point out the acceptability of insect flour
and bakery products made from insects by Slovak consumers and also to identify key motives and
barriers to insect flour bakery products consumption. Therefore, research paper tries to answer the
following research questions:

1. Is acceptable insect flour as ingredient in bakery products?
2. What are the key reasons for consumption and non-consumption of insect flour bakery products?

3. What are the key motives for consumer acceptability of insect flour as ingredient of bakery products
and their consumption?

2. Data and Methods

A questionnaire survey was conducted to identify consumer acceptance of insect flour as a new
ingredient in bakery products with an emphasis on its use as a future substitute for wheat flour,
possible future consumption of these bakery products, as well as the key reasons for consumption and
non-consumption of bakery products made from insect flour. The consumer survey was carried out using
the snowball method on a sample of 733 respondents. The survey was conducted in 2021 and 2022 in the
Slovak Republic. Consumers involved in the questionnaire survey were divided according to eight socio-
demographic criteria (gender, age, number of members in the household, place of residence, education,
economic status, monthly income of the respondent, monthly income of the household) (Table 1).

Table 1: Socio-demographic profile of the sample

Gender Residence

Male 260 35.5% | City 348 47.5%
Female 473 64.5% | Rural area 385 52.5%
Age Education

18-25 years 353 48.2% | Elementary education 28 3.8%
26-45 years 230 31.4% | Secondary education 317 43.2%
More than 45 years 150 20.5% | Higher education 388 52.9%
Number of members in household Economic activity

1 member 25 3.4% Employed 312 42.6%
2 members 154 21.0% | Student 303 41.3%
3 members 205 28.0% | Self-employed 47 6.4%
4 members 257 35.1% | Unemployed 14 1.9%
5 members 65 8.9% Retired 23 3.1%
6 members 21 2.9% Maternity leave 23 3.1%
More than 6 members 6 0.8% Other 11 1.5%
Monthly income of respondent Monthly income of household

Up to 500 € 313 42.7% | Upto 1,000 € 83 11.3%
501-1,000 € 242 33.0% | 1,001-2,000 € 366 49.9%
1,001-1,500 € 133 18.1% | 2,001-3,000 € 194 26.5%
1,501-2,000 € 30 4.1% 3,001-4,000 € 58 7.9%
More than 2,001€ 15 2.0% More than 4,001€ 32 4.4%

Source: questionnaire survey
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The main part of the questionnaire survey was to examine the key reasons for consumption and non-
consumption of bakery products with the addition of insect flour. Consumers who would consume
bakery products from insect flour in the future evaluated 6 possible reasons for consumption, namely
moral aspect, health aspect, sustainability, environmental protection, taste and lifestyle. These
reasons were rated on a Likert scale from 1 to 5, with 1 representing the least important reason for
consumption and 5 representing the most important reason for consumption. Consumers involved in
the questionnaire survey, who would not consume bakery products containing insect flour in the
future, evaluated 7 potential reasons for non-consumption, namely habit of bakery products made
from wheat flour, fear of loss of appetite, lack of information about insect bakery products, distrust of
the new alternative diet, higher price, production process of insect flour and its products, absence of
recipes for meals made from insect flour. These reasons were evaluated on a 5-point Likert scale, with
1representing the leastimportant reason for non-consumption and 5 representing the most important
reason for non-consumption. In the research, we investigated differences in the assessment of the
reasons for consumption/non-consumption of bakery products containing insect flour using the
Friedman test and consequent post hoc pairwise multiple comparison test according to Nemenyi.

In addition to the aforementioned, the aim of the survey was to find out the main motives for the
consumption of bakery products containing insect flour. Respondents evaluated 7 different
motivational factors to consume these bakery products, namely taste as wheat flour, appearance as
wheat flour, aroma as wheat flour, color as wheat flour, information about health aspect, information
about production and information about sustainability and environmental protection. Potential
motives were rated on a Likert scale from 1 to 5, with 1 representing the least significant motive and
5 the most significant motive. Based on the applied categorical analysis of the principal components,
there were identified 2 latent components related to the identification of key motives for the future
consumption of insect flour as a new ingredient in bakery products.

The data obtained by the questionnaire survey were evaluated using Microsoft Excel and statistically
evaluated in the XLSTAT and IBMSPSS programs.

3. Results and Discussion

The results of the consumer survey showed that about 70 % of Slovak consumers have not heard about
insect flour as novel ingredient in bakery products. Positive finding was that more than 25 % consumers
ever heard about this flour as possible ingredient and even 2.6 % Slovaks consumed insect flour as
ingredient in bakery products.

As already mentioned, that insect flour could by a real alternative to wheat flour in the future, the
consumer survey was oriented on the consumer acceptability of insect flour as replacement of wheat
flour. The results showed that 30 % Slovak consumers accept insect flour and think that this flour is
very appropriate due to its properties. We also identified that 25 % perceive insect flour as a necessary
ingredient in the bakery industry in the future considering health and sustainable aspects. On the other
hand, 45 % of Slovak consumer do not accept insect flour as a novel ingredient.

Consumer research has also focused on possible consumption of insect flour as ingredient in bakery
products. We found that 5.5 % consumers will consume insect flour and more than 35 % of Slovaks
would try bakery products with insect flour. On the other hand, almost 60 % of Slovak consumer would
not try and consume insect flour as ingredient in bakery products.

In the context of the possible consumption, we also identified key reasons for consumption and non-
consumption of insect flour. Consumers who would consume bakery products containing insect flour
rated possible reasons for consumption on a scale from 1 to 5, with 1 being the most important aspect
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and 5 being the least important aspect. The results showed that bakery products with insect flour
should be consumed due to health aspects, taste, environmental protection, sustainability, lifestyle,
and moral aspect. Moreover, we also identified differences in evaluation of reasons using the applied
Friedman test (p-value = <0.001). Subsequently, Nemenyi's method and Demsar plot pointed out the
differences between evaluating reasons of insect flour consumption (Figure 1).

Figure 1: Reasons for consumption of bakery products from insect flour
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Source: questionnaire survey

However, consumers who would not consume bakery products containing insect flour rated reasons
for non-consumption on a scale from 1 to 5, with 1 being the most important aspect and 5 being the
least important aspect. The results showed that there are some barriers for insect flour consumption
and the key ones are habit for bakery products made from wheat flour, fear of loss of appetite, lack of
information about insect flour, distrust in the new alternative diet, higher price, production process of
insect flour and its bakery products, absence of recipes for meals made from insect flour. Differences
in the evaluation of the reasons for non-consumption were confirmed by applying the Friedman test
(p-value = <0.001). Consequent post hoc pairwise multiple comparison test according to Nemenyi
pointed out the differences between evaluating reasons for non-consumption of bakery products from
insect flour. These differences are shown by Demsar plot (Figure 2).

Figure 2: Reasons for non-consumption of bakery products from insect flour
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For the future acceptance of insect flour as an ingredient in bakery products, it is necessary to motivate
consumers to consume it or at least to try it. Slovak consumers evaluate 7 possible motives for
consumption. Based on the results it could be stated that key motives are taste and higher consumer
awareness related to health effect and production. For a deeper analysis of the factors determining
insect flour acceptability and consumption we used categorical principal component analysis and
identified hidden relationships between the examined factors. We state the existence of two latent
components namely “like a wheat flour” and “information”. The first component includes taste,
appearance, aroma, colour, and second one includes information about health aspect, production and
sustainability and environmental protection (Table 2).

Table 2: Motives for consumption of bakery products from insect flour

1.Component 2.Component
Appearance as wheat flour 0,872 0,408
Colour as wheat flour 0,888 0,390
Aroma as wheat flour 0,838 0,467
Taste as wheat flour 0,711 0,600
Information about health aspect of edible insect flour 0,452 0,845
Information about production of edible insect flour 0,412 0,872
Information about sustainability and environmental protection 0,390 0,867

Source: questionnaire survey

The results of a consumer study conducted in Slovakia showed that the consumption of insects as an
ingredient in bakery products is not acceptable for Slovak consumers, as they do not know this
innovative ingredient and its benefits. The results further showed that the majority of Slovak
consumers would not consume insect flour, mainly due to lack of appetite and lack of information. On
the other hand, consumers who would consume insect flour determined health, environmental aspect
and taste as key reasons. The key motives for the acceptance of insects as food and their use in bakery
products are mainly the similarity with wheat flour and increasing consumer awareness. Other
consumer studies conducted in different countries also point to similar results. Burt, Kotao, Lopez,
Koeppel, Goldstein, Samuel and Stopler (2019) found that it is acceptable for consumers to consume
insects within food products where they are not directly visible and would provide high nutritional
properties with good taste. Bogusz, Polak and Nowacka (2020) conducted consumer survey oriented
to issues related to consumption of edible insects and products made with some insect-based
ingredient, willingness and intention to consume them in the future, benefits, and risks of their
consumption and its results showed that almost 70% of respondents are willing to consume products
containing insects as one of the ingredients in the future, and approximately 80% of consumers would
consume food products containing only insect protein. In this context, Mancini, Sogari, Menozzi,
Nuvoloni, Torracca, Moruzzo, and Paci (2019) points to the fact that recently there has been a growing
tendency to consume insects added in the form of powder or flour to many widely popular food
products, especially bakery products and pasta. Bogusz et al. (2020) further identified that insufficient
consumer awareness is one of the key reasons for consumers' lack of interest in consuming edible
insects and foods containing edible insects. Increasing consumer awareness of environmental and
nutritional benefits contribute to acceptance of consuming edible insects and insect-based food in the
future (Sogari et al., 2019; Mancini et al., 2019). Due to the nutritional composition of edible insects
and the environmental benefits, it is possible that insects will become the food of the future or a new
food, and 60% of consumers involved in the study conducted by Bogusz et al. (2020) agree with this
statement. However, the taste of bakery products containing insect flour will be an important
motivating factor ,Awobusuyi, Pillay & Siwela 2020).
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4, Conclusion

To conclude insect flour as a novel ingredient can affect the bakery industry in the future. Adding insect
flour into bakery products brings many benefits. The production of insect flour is efficient, sustainable,
and economic. Moreover, the consumption of insect flour positively affects consumers' health because
is rich in nutritional components. However, the insect flour in our conditions do not have any tradition
and consumers have the fear from consumption. Therefore, we conducted questionnaire survey
related to consumer awareness of insect flour and we found that almost 3 % Slovaks have ever
consumed edible insect flour, but more than 70 % of Slovak consumers have never heard about insect
flour. The following finding was that for 30 % of Slovak consumers is insect flour acceptable and 25 %
consumers perceive it as potential alternative ingredient in the future. More than 40 % of Slovak
consumers would try insect flour bakery products due to aspects of health and sustainability. AlImost
60 % of Slovak consumers will not consume insect flour bakery products and the key reasons are habit
for bakery products made from wheat flour, fear of loss of appetite, or lack of information. Key motives
for Slovak consumers are motive “like a wheat flour” and the second is motive of information. Based
on the results of the consumer study and the situation on the food market, it is desirable that Slovak
consumers gradually become familiar with and informed about alternative eating and accept the
possibility of consuming insect flour bakery products. We also suggest eliminating barriers for insect
flour bakery products consumption and also to appeal to food enterprises and initiate them to develop
and produce bakery products with insect flour. In the future research it is necessary to monitor the
developing situation on the market of insect flour bakery product, to monitor the developing situation
on the market of insect flour bakery product, to examine current trends in insect flour consumption in
other countries and also to monitor current legislative situation in the field of production and
consumption of edible insects in the EU countries.
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Abstract

The paper considers peculiarities of food consumption in Ukraine. Particular attention is devoted to
assessing the impact of war with Russia on consumption of foodstuffs by the Ukrainian population.
Data for 2004-2020 are employed in the paper, using the publications and website of State Statistics
Service of Ukraine. The following indicators are chosen for this research: gross domestic product,
income of the population, total money expenditure per household, money expenditure on food products
per household, and consumption of food products per capita. Given the war situation in Ukraine, two
periods are explored separately: the pre-war period (2004-2013) and the war period (2014-2020). The
aims of our paper are as follows: 1) to examine specific features of food consumption in Ukraine, taking
into account the war conflict in the country; 2) to estimate the impact of the chosen indicators (GDP
and income of the population) on consumption of food products by Ukrainian inhabitants. The following
statistical methods are applied in our research study: descriptive statistics and Pearson correlation
coefficient. We analyze the dynamics of changes in GDP, income of the population, and money
expenditure on food products. The obtained results show that the war with Russia led to a significant
decline of these indicators. It is also found that there was a reduction in consumption of the majority
of foodstuffs. As a result, during the war period, the actual rate of food consumption was substantially
below the recommended norms, with the exception of few food products. Using the Pearson correlation
coefficient, the levels of correlation between the chosen indicators (GDP and income of population) and
consumption of foodstuffs are identified. Conclusions are made about changes occurred in food
consumption in the pre-war and war periods in the country.
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JEL Classification: E21, F51, 010

86 https://doi.orqg/10.15414/2022.9788055225579.86-97



mailto:smorozmail@gmail.com
mailto:jozef.palkovic@uniag.sk
https://doi.org/10.15414/2022.9788055225579.86%E2%80%9097

Sustainable, Resilient and Fair Food Systems in the EU and Globally
International Scientific Symposium, Bratislava — Nitra, October 6-7, 2022

1. Introduction

Since 2014, unprecedented Russian aggression has seen against Ukraine. Russia has started a war in
Ukraine and occupied the Crimean peninsula and territories in the east and south of Ukraine in
violation of all norms of international law. This war has a significant negative effect on the Ukrainian
economy and the income level of the country’s population. This situation is also exacerbated by the
impact of the COVID-19 pandemic. Under these conditions it is necessary to ensure the stable
functioning of the country's agri-food sector, which is important both for Ukraine and globally.

It should be noted that there are some studies, in which various aspects of food consumption and food
security are considered in Ukraine and other countries, taking into account the mentioned war conflict.
OECD (2022) analyses the influence of the Russia’s war in Ukraine on international agricultural market.
It is revealed that, as a result of this war, the substantial increase of food prices could be observed,
which will have an unfavorable impact on global food security. Employing the MAGNET model, van
Meijl et al. (2022) determine that the war in Ukraine can deteriorate food security worldwide in the
medium-term period. This could be particularly related to low-income countries which are highly
dependent on cereal imports from Ukraine. Also, the war can have a negative impact on poor people
because of the growth of food prices. Hellegers (2022) evaluates consequences of Russia’s invasion to
Ukraine on the vulnerability of the global economy. Using the indicators of dependency and coping
capacity, it is identified that the most significant unfavorable effects could be observed in the Middle-
East and North Africa (MENA) region, as well as Sub-Saharan countries. To enhance the food security
in vulnerable regions, the socio-economic aspects of the agricultural sector and open trade ought to
be reconsidered. Similar results are obtained by Abay et al. (2022). They argue that the MENA region
is expected to be in an especially vulnerable situation and to have trade and price shocks. This can
happen due to the high food import dependence of the region.

According to the preliminary estimations by FAO (2022), as a result of the war, considerable damage
was caused to the Ukrainian agricultural sector and related infrastructure. Household incomes
decreased to a substantial extent, and the significant share of population can face higher levels of food
insecurity and food consumption gap, especially in regions with active fighting. Mostenska et al. (2022)
consider economic affordability of food for the Ukrainian population. Using the regression analysis,
the close link between the indicators of food expenditures and the GDP level is determined. Based on
correlation coefficients, the relationships between the consumption of foodstuffs and the level of per
capita income are found. Kotykova et al. (2020) investigate peculiarities of food security in different
types of Ukrainian households, paying attention to economic affordability and consumption level of
food products. Using the obtained results, the most vulnerable groups of households are identified in
terms of food security. Also, it is confirmed that economic affordability affects substantially the level
and pattern of food consumption.

Vasylieva (2019) explores possibilities for the improvement of food security in Ukraine, with the aim
to ensure the health and income levels of the country’s inhabitants. The researcher elaborates
aggregate evaluation of regional food consumption, which provides a possibility to enhance Ukraine’s
agricultural production and support its sustainable development. Seheda et al. (2019) assess the
interaction between consumption of foodstuffs and chosen demographic indicators in Ukraine.
Applying the Pearson’s correlation coefficient and linear regression, it is found that the worsening of
food consumption leads to the deterioration of the country’s demographic situation. The reverse
impact between the demographic indicators and consumption of food products is also revealed.
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At the same time, there is a lack of publications, in which peculiarities of food consumption of the
Ukrainian population are compared in the pre-war and war periods. That is why we decided to prepare
this publication. The aims of our paper are as follows:

- to examine specific features of food consumption in Ukraine, taking into account the war conflict
in the country

- to estimate the impact of the chosen indicators (GDP and income of the population) on
consumption of food products in the pre-war and war periods.

2. Data and Methods

Data for 2004-2020 were employed in the paper, based on the publications and website of State
Statistics Service of Ukraine (www.ukrstat.gov.ua). Given the war situation in Ukraine, two periods
were explored separately:

- the pre-war period: 2004-2013

- the war period: 2014-2020.
The following indicators were chosen for this research:

- gross domestic product (bIn. US dollars)

- income of the population (bIn. US dollars)

- total money expenditure per household (US dollars)

- money expenditure on food products per household (US dollars)

- consumption of food products per capita (kg, pieces).

Using the data on the resident population, gross domestic product (GDP) and income of the population
were calculated per capita. For a better interpretation of the data, the respective indicators were
recalculated from Ukrainian hryvnias (UAH) to US dollars (USD), employing information of the National
Bank of Ukraine on the annual average official exchange rate between UAH and USD
(www.bank.gov.ua).

The following statistical methods were applied in our research study:

- Descriptive statistics: it was used to characterize analyzed set of variables

- Pearson correlation coefficient: it was employed to investigate relationship between the chosen
economic indicators and consumption of different food products.

The form of the Pearson’s correlation coefficient used in this paper can be calculated using the
following equation:

__cov(X,Y)
S (1)

where: cov(x,y) is the covariance between x and y

oy is the standard deviation of the variable X

oy is the standard deviation of the variable Y.

The correlation coefficient value close to 0 means weak or no relationship between variables. The
value close to 1 means strong positive relationship — if the first variable increases, the second variable
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grows too. The value close to -1 means strong negative relationship — if the first variable rises, the
second one decreases. Correlation analysis is used to determine only the character of relationship
between a pair of variables, but not to identify which the variable is the cause, and which one is the
consequence.

3. Results and Discussion

The dynamics of changes of the country’s GDP in 2004-2020 is given on Figure 1. It should be
mentioned that there were several periods associated with changes in this indicator. During 2004-
2008, there was its steady increase: from 64,9 bin. USD to 180,0 bin. USD. In 2009, the sharp reduction
of the indicator occurred to 117.2 bin. USD (65.1% of the 2008 level), driven by the global financial
crisis. In 2010-2013, there was a gradual recovery of the Ukrainian economy, and, as a result, GDP
increased to 190,5 bln. USD. In 2014, due to the war conflict with Russia in the east of Ukraine, as well
as the annexation of the Crimean peninsula, the country’s economic situation deteriorated
significantly. This also affected Ukraine’s GDP, which contracted to 133,5 bin. USD (by 29.9% less in
comparison with 2013). The decline of GDP has continued until 2016, in which its level was 91,0 bin.
USD (by 52.2% less than in 2013). Later, the analyzed indicator slightly increased, and it grew to 156,6
bin. USD in 2020, which was by 17.8% less compared with 2013. GDP per capita was also calculated,
and its changes coincided with the above-mentioned tendencies in GDP in total. In 2020, its value was
equal to 3752 USD, or by 10.4% less than in 2013.

Figure 1: Gross domestic product of Ukraine
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Source: authors’ calculations based on data of State Statistics Service of Ukraine

Information about the income level of the Ukrainian population in 2004-2020 is presented on Figure
2. It can be seen that this indicator grew from 51,6 bin. USD to 160,5 bin. USD between 2004 and 2008.
In 2009, its value decreased to 114,8 bin. USD (by 28,5% less compared with 2008). The population’s
income went up from 138,8 bin. USD in 2010 to 193,8 bin. USD in 2013 (or by 39,6%).
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Figure 2: Income of the Ukrainian population
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Since the start of war in Ukraine, the income of the country’s inhabitants has dropped substantially.
For example, its value was 127,6 bin. USD in 2014 (or by 34.2% less than in 2013). This decline has
continued until 2016, in which the indicator’s value contracted to 80,3 bin. USD (or by 58,6% lower in
comparison with 2013). There was a gradual increase of the income value in subsequent years. In 2020,
the indicator was equal to 150,4 bin. USD (or 77,5% of its 2013 level). The same changes took place in
regards to the calculated income per capita. In 2020, the value of this indicator was 3608 USD (84.6%
of its level in 2013).

Similar tendencies took place for average monthly money expenditure and average monthly money
expenditure spent on food products (Figure 3). These indicators had maximum values in 2008 and 2013
while their largest decrease occurred in 2009 and 2014-2016. In 2020, their values were 330 USD and
162 USD (75,3% and 70,4% of the 2013 level, correspondingly). These tendencies led to changes in the
share of money expenditures on food products. The share went down from 58,1% in 2004 to 52,6% in
2013. While the indicator grew from 53,5% in 2014 to 54,8% in 2015, it reduced again from 53,1% to
49,1% between 2016 and 2020.
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Figure 3: Average monthly money expenditure per household
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Table 1 presents a comparison of food consumption per capita in the pre-war period (2004-2013) and
the war period (2014-2020). The calculated indicators show a significant reduction in consumption of
foodstuffs, with the exception of meat and meat products, as well as fruit, berries, nuts and grapes. To
the most extent, the level of consumption decreased on potatoes (by 23,8%), fish and fish products
(by 22,2%), and sugar (by 18,2%). By the way, this decline in food consumption was seen on products
that were traditional for Ukrainian residents and played a significant role in their nutrition.

In order to have a more complete picture, we considered the consumption of animal food products by
Ukrainian households, calculated as a percentage of the recommended rate (Figure 4). The general
tendency for these products is that their consumption did not meet the minimum nutritional
requirements, with the exception of fish and fish products in the pre-war period.
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Table 1: Average monthly consumption of food products per capita, kg

The pre-war The war period

period :;;14‘?’;(:2(?)eri0d as % of-the pre-
(2004-2013) war period
Meat and meat products 4,8 4,9 102,1
Milk and milk products 20,7 19,4 93,7
Eggs, pieces 20 19 95,0
Fish and fish products 1,8 1,4 77,8
Sugar 3,3 2,7 81,8
Sunflower-s-eed oil and other 18 15 833
vegetable oils
Potatoes 8,4 6,4 76,2
Vegetables, melons and gourds 9,4 8,8 93,6
Fruit, berries, nuts and grapes 3,5 3,6 102,9
Bread and bakery products 9,6 8,4 87,5

Source: authors’ calculations based on data of State Statistics Service of Ukraine

The maximum level of consumption as the percentage of recommended norms in the pre-war period
was the following: meat and meat products — 68,7%, milk and milk products — 62,5%, eggs — 79,2%,
and fish and fish products — 70,6%. During the war period, there was a slight increase in the
consumption of meat and meat products while the opposite situation took place on milk and milk
products. Mixed changes were observed on the consumption of eggs and fish and fish products. It can
be seen that in 2020, the consumption level on meat and meat products was 77,6%, milk and milk
products — 59,6%, eggs — 79,2%, and fish and fish products — 82,4% of the recommended level.
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Figure 4: Consumption of animal food products by Ukrainian households (% of the recommended

rate)
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The calculated results on consumption of plant food products (in the percentage of the recommended
level) is given on Figure 5. In the pre-war period, their level on several products exceeded
recommended rates, while it had a downward tendency. For instance, the consumption level of
sunflower-seed oil and other vegetables oils, bread and bakery products, and sugar fell from 172,7%,
123,8%, and 112,5% in 2004 to 154,5%, 107,1%, and 93,8% in 2013, correspondingly. Besides, its
significant decrease was observed on potatoes: from 98,1% to 68,9%. The mixed tendencies occurred
on other products, and their consumption was at a low level, namely: fruit, berries, nuts and grapes —
36,0% in 2004 and 54,7% in 2013 and vegetables, melons and gourds — 64,9% in 2004 and 70,1% in 2013.

Figure 5: Consumption of plant food products by Ukrainian households (% of the recommended rate)
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The reduction in the consumption rate continued for the majority of plant foodstuffs during the war
period. In 2020, while the consumption rate of sunflower-seed oil and other vegetables oils (127,3%)
was still above the recommended level, its values for bread and bakery products and sugar were
already below this level: 95,2% and 75,0%, respectively. In the same year, the lowest level of
consumption was found on fruit, berries, nuts and grapes (49,3%), potatoes (58,3%), and vegetables,
melons and gourds (64,9%).

In the pre-war period, the highest consumption increase was determined for foodstuffs that provide
healthy and balanced nutrition (fruit, berries, nuts and grapes, meat and meat products, and fish and
fish products). Ukrainian households had such opportunity owing to the growth of their income level.
The smallest rise was identified for food products, which can harm people’s health in case of excessive
consumption (potatoes, sugar, and bread and bakery products).

The different situation on food consumption was observed during the war period. Due to the decrease
of households’ income, mixed changes were determined in its pattern. On the one hand, the largest
decline was revealed in consumption of fish and fish products, as well as products consumed
significantly by the Ukrainian population in the past (sunflower-seed oil and other vegetable oils and
sugar). On the other hand, we found that households reduced their consumption of meat and meat
products, vegetables, melons and gourds, and fruit, berries, nuts and grapes to the least extent. We
consider the above-mentioned changes as the efforts of households to maintain balanced nutrition in
limited income conditions.

In order to determine the impact of GDP on the food consumption pattern in the pre-war and war
periods, the Pearson correlation coefficient (PCC) was calculated (Table 2).

Table 2: Pearson correlation coefficient: GDP and consumption of food products

The pre-war period (2004-2013) The war period (2014-2020)
PCC, . PCC, .
Interpretation Interpretation
value value
Meat and meat
0,888 strong positive correlation 0,972 very strong positive correlation

products

Milk and  milk L . . . .
-0,178 negligible negative correlation -0,529 moderate negative correlation
products

Eggs 0,405 weak positive correlation 0,282 negligible positive correlation

Fish and fish . . . .
0,301 weak positive correlation 0,766 strong positive correlation
products

Sugar -0,684 moderate negative correlation -0,518 moderate negative correlation
Sunflower-seed oil

and other vegetable -0,536 moderate negative correlation -0,482 weak negative correlation
oils
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Potatoes -0,858 strong negative correlation -0,651 moderate negative correlation

Vegetables, melons . . . . .

& 0,475 weak positive correlation -0,278 negligible negative correlation
and gourds
Fruit, berries, nuts " . . .
0,909 very strong positive correlation 0,847 strong positive correlation
and grapes
Bread and bakery

products -0,866 strong negative correlation -0,365 weak negative correlation

Source: authors’ calculations based on data of State Statistics Service of Ukraine

The research results show that in the pre-war period, the very strong positive correlation was
determined between GDP and consumption of fruit, berries, nuts and grapes (0,909), and the strong
positive correlation was found between this economic indicator and meat and meat products (0,888).
At the same time, strong negative correlation was identified in the case of bread and bakery products
(-0,866) and potatoes (-0,858). In the war period, the very strong positive correlation was observed
regarding meat and meat products (0,972) while strong positive correlation was revealed in the case
of fruit, berries, nuts and grapes (0,847) and fish and fish products (0,766). The very strong and strong
negative correlations were not found during this period.

Using the Pearson correlation coefficient, the influence of the population’s income on consumption of
food products was estimated as well (Table 3). In the pre-war period, the very strong positive
correlation was seen between the income of population and consumption of fruit, berries, nuts and
grapes (0,928), and the strong positive correlation was found between this indicator and consumption
of meat and meat products (0,862). At the same time, the very strong negative correlation was
identified regarding bread and bread products (-0,908), while the strong negative correlation was
revealed in the case of potatoes (-0,898) and sugar (-0,737).

Table 3: Pearson correlation coefficient: population’s income and consumption of food products

The pre-war period (2004-2013) The war period (2014-2020)
PCC, ] PCC, .
Interpretation Interpretation

value value
Meat and meat

0,862 strong positive correlation 0,972 very strong positive correlation
products
Milk and milk . . . . .

-0,287 negligible negative correlation -0,478 moderate negative correlation
products
Eggs 0,410 weak positive correlation 0,285 negligible positive correlation
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Fish and fish _ . . . .

0,205 negligible positive correlation 0,785 strong positive correlation
products
Sugar -0,737 strong negative correlation -0,491 moderate negative correlation

Sunflower-seed oil
and other -0,492 moderate negative correlation -0,433 weak negative correlation
vegetable oils

Potatoes -0,898 strong negative correlation -0,618 moderate negative correlation

Vegetables, melons . . . . .
& 0,545 moderate positive correlation -0,268 negligible negative correlation
and gourds

Fruit, berries, nuts " . . .
0,928 very strong positive correlation 0,821 strong positive correlation

and grapes

Bread and bakery very strong negative . .
-0,908 ) -0,321 weak negative correlation

products correlation

Source: authors’ calculations based on data of State Statistics Service of Ukraine

In the war period, the situation changed to a certain extent. The very strong positive correlation was
found between the population’s income and consumption of meat and meat products (0,972), and the
strong positive correlation was determined between the mentioned indicator and consumption of
fruit, berries, nuts and grapes (0,821) and fish and fish products (0,785). Similar to the case of GDP, the
very strong and strong negative correlations of the population’s income with consumption of
foodstuffs were not revealed during the war period.

4, Conclusion

Based on received research results, the shift of the Ukrainian population towards a more balanced
consumption of food products was revealed in the pre-war period. The decrease in consumption of
foods in high in carbohydrates was also found in this period. These positive changes occurred because
of the growth of the population’s income.

The situation on food consumption was different during the war period. Mixed changes in
consumption of foodstuffs were identified (for instance, the highest reduction in consumption of fish
and fish products and sugar). At the same time, it was determined that the Ukrainian population made
efforts to maintain a balanced consumption of food products in conditions of the limited income level.

The obtained results are essential not only for Ukraine, but also for Slovakia due to their close
geographic location and economic ties. In the field of food strategy, it is related to food imports and
exports between Slovakia and Ukraine, which are significantly influenced by the situation in both
countries. Findings of this paper should be also taken into consideration during the implementation of
the new EU food strategy in Slovakia. It should be done the way, which will help to improve the
situation in both neighboring countries.
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Abstract

The ecological crisis is an issue having impact on every inhabitant of our planet. The climate change
and deterioration of the environment constitute the existential threat for Europe as well as the whole
world. In 2019 the European Parliament proclaimed the climate emergency and the European
Commission prepared subsequently the European Green Deal, which was approved on December 11,
2021. The principal objectives of the Deal are the decrease of fine emissions of greenhouse gases till
2030, at least by 55% in comparison with the year 1990, and also ensuring the economic growth that
will not depend on the usage of sources.

The agricultural basic production ranks among the significant contaminators of the environment. It has
the negative impact on the environment predominantly by application of pesticides and mineral
fertilizers, and also the formation of greenhouse gases. The agricultural production creates
approximately 11% of the total formation of emissions, out of it 70% comes from animal production.
The ecological agricultural production presents the alternative way of utilization of agricultural soil
targeted at the production of healthier foodstuffs and the elimination of harmful impact on
environment.

In our paper we analyse the selected indicators of the ecological agriculture in the Slovak Republic. The
long-term increase is observed in the area of ecologically cultivated soil and the number of farms of
ecological farming. According to the type of areas, we have the most significantly presented the
ecologically cultivated permanent grasslands. The numbers of animals kept within the ecological
agricultural production vary, depending on the individual species. The application of pesticides is
growing from the long-term aspect, however, in the recent evaluated year there was recorded a slight
decrease.

Keywords: agricultural soil, ecological agriculture, mineral fertilizers, pesticides, sustainable
agriculture.

JEL Classification: Q1, Q5, Q 15
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1. Introduction

Agriculture as one of the sectors of national economy has its irreplaceable role also in the
world of the dynamic changes, which is more and more based on the services and information. The
significance of agriculture — predominantly in its primary economic perception — is higher in less
industrialized countries. However, it does not mean that in the developed countries its importance is
lower. In the given cases it is very difficult even dangerous to simplify the significance of agriculture
just by quantification and calculation of benefits.

This fact consists mostly in the heterogeneity of functions provided by agriculture, where the
economic functions are only ones of many. Agriculture performs mainly the following functions:

- it ensures the production of healthy foodstuffs of high quality,

- it maintains and protects the natural resources and cultural landscape by the appropriate soil
cultivation,

- it contributes to the preservation of viable countryside.

All the mentioned functions are related to the problems of the long-lasting sustainability.

In order the agriculture can fulfil these functions, the sector must be economically sustainable,
which means it must secure the permanent restoration of its production factors. In so doing, the
decisive role is played by the reimbursement of costs of the entrepreneurial entities in the sector of
prices of their commodity outputs (agricultural products and services) and also other compensations,
as arule from the public sources, which cover the costs of the non-commodity outputs (e.g.
environmental services) that have not been evaluated via the market so far. Therefore, the economic
sustainability should be completed necessarily also by the environmental sustainability, without it the
assurance of the economic sustainability is not possible.

In this regard the definition of the sustainable agriculture is often related to the ecological
agriculture. The ecological agricultural production is the crop production where the special sowing
procedures are being used, also green fertilization, the fertilization by organic fertilizers, permitted
natural inorganic fertilizers, the mechanical, physical and biological methods for the crop protection,
as well as the animal breeding, where only the feeds originated from the ecological plant production
are used. A special veterinary care is provided to these farm animals.

The regulations of the ecological agricultural production in the Slovak Republic (SR) are set by
the Act No. 282/2020 Col. on the ecological agricultural production which replaced the original Act No.
189/2009. The ecological agriculture is the area of the agricultural production which is developing fast
in the EU coutries and also in Slovakia. This development is the consequence of the increased
consumer demand for biofoodstuffs, and also the reaction to the changes in the protection of
environment. From January 1, 2022 the EU has introduced the new norms in this area with the
objective to make the legal regulations more efficient for this sector. The new rules for the producers
will be included into these regulations that will simplify the transition to the ecological production of
the small farmers and support of control system with the effort to build the consumer confidence in
the system of the ecological agricultural production (EAP).

The farmers have a significant impact on the environment through their activity. The
soil degradation ranks among the negative impacts of the agricultural activities, also the waste
production, discharge of waste water and emissions of greenhouse gases. The agricultural soil
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and its properties are affected significantly by the usage of pesticides and industrial fertilizers.
The alternative forms of soil cultivation strive to eliminate the negative impacts of agricultural
activities, the ecological agriculture ranks among those forms.

2. Data and Methods

The objective of the paper is to evaluate and analyse the development of the selected
factors of the ecological agricultural production in the Slovak Republic in the period 2012 -
2020. The paper summarizes these indicators and provides a new view of the ecological
agriculture, predominantly from the aspect of the participative indicators. The concluding part
involves the analysis of the development of the utilization of pesticides and industrial fertilizers
in the agriculture of the Slovak Republic.

In the paper the methods of analysis, synthesis, comparison and simple mathematic-
statistical methods were applied.

We obtained the relevant data mostly from the secondary sources of the Ministry of
Environment, Ministry of Agriculture and Rural develoment of the SR and Statistical Office of
the SR.

3. Results

The development of the selected indicators of the ecological agriculture in the Slovak Republic
in the period 2012 — 2020 is given in the Table 1. The table indicates the development of the area of
ecologically cultivated soil, its proportion out of the total area of agricultural soil, the number of farms
of ecological farming and the average area of these farms. The first three evaluated indicators show
the rising trend, but the average area of farms is declining. The area of ecologically cultivated land
(including the areas in conversion) has increased from 168, 602 ha to 222,896 ha, which constitutes
the growth by 54, 294 ha. Still more significant rise was recorded with the proportion of ecologically
cultivated soil out of the total area of agricultural soil. In 2012 in Slovakia 8.43 % of agricultural land
was cultivated ecologically, in 2020 the percentage achieved 11.67 % out of the total area, so the
growth was 38 %.

Table 1 Development of selected indicators of ecological agriculture

Year Area of ecologically | Proportion of Number of farms of | Average
. total agricult. ecological
cultivated land (ha) . area of farms
land (%) agriculture
(ha)
2012 168, 602 8.43 362 465.7
2013 162, 029 8.40 341 475.2
2014 180, 365 9.39 399 452.0
2015 186, 483 9.70 416 448.2
2016 187,010 9.75 430 434.9
2017 189, 147 9.90 439 430.9
2018 192,143 10.02 535 359.1
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2019 196, 210 10.24 567 346.0
2020 222, 896 11.67 698 319.0
Index 20/12 1.32 1.38 1.93 0.68

Source: Author, according to the data of the Central Control and Testing Institute
in Agriculture

The objective is to reach the minimal level of 13.5 % in the SR. This target can be considered
to be realistic one. The most significant growth is observed in the number of the farms which are
farming according to the principles of the ecological agriculture. In 2020 their number achieved 698,
in 2012 there were only 362 farms, which means the rise by 336 farms. In 2012 the average area was
465.7 ha, in 2020 it constituted 319.0 ha (decline by 146.7 ha).

The Table 2 indicates the development of the totally used arable soil and the proportion of
arable soil registered in the ecological system of farming in the period 2012 — 2020. We also evaluated
the development of grasslands. The area of totally used arable soil decreased by 13,932 ha (1 %). The
area of arable soil registered in ecological agricultural production increased from 54, 264 ha to 75,592
ha (growth by 39 %). The arable soil registered in ecological agricultural production constitutes 5.62 %
out of the total arable soil. The permanent grasslands (PG) registered in ecological agricultural
production achieved a higher proportion out of the total permanent grasslands in the whole evaluated
period. In the last evaluated year this proprtion reached almost 28 %. The total area of these grounds
is relatively stabile. In 2020 it achieved 520,334 ha, it increased by 5,392 ha (1 %) during the whole
period.

Table 2 Development of arable soil and permanent grasslands

Year Used Arable soil Arable PGin PG in EAP PG
arable soil | in EAP (ha) | soil in EAP | total (ha) (ha) in EAP (%
in total (%) n (%)
(ha)
2012 1,359,979 54, 264 3.99 514, 942 113, 075 21.96
2013 1,362,002 53,181 3.90 513,704 107, 622 20.95
2014 1,359,091 62, 279 4.58 510, 801 116, 528 22.81
2015 1,350,180 60, 890 4,51 520, 581 123, 855 23.79
2016 1,347,293 60, 302 4.47 521, 441 124, 807 23.94
2017 1,342,885 62, 978 4.69 517,679 124,230 23.80
2018 1,348,019 64, 821 4.81 523,552 125, 366 23.95
2019 1,348,919 66, 560 4.93 518, 415 127,619 24.62
2020 1,346 047 75, 592 5.62 520, 334 145, 209 27.90
Index 0.99 1.39 1.41 1.01 1.28 1.27
20/12

Source: Author, according to the data of Green Deal
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The area of ecologically cultivated land according to the type of ground in 2020 is indicated in
the Table 1. In the long term the highest proportion belongs to the permanent grasslands, which
formed 65.2% out of the total ecologically cultivated agricultural land, followed by arable soil (33.9%)
and orchards (0.8%). The area of the ecologically cultivated vineyards was neglectable (0.1%). These
data prove that it is the simplest way to cultivate ecologically the permanent grasslands (meadows and
pastures). On the other hand, it is very difficult to cultivate ecologically vineyards, and at the same
time to achieve the positive result of farming. The same argument is related to the fruit growing. The
permanent grasslands in our country are used mostly for sheep breeding, therefore just these animals
are bred in the ecological way in the category of farming animals.

Orchards; Vineyards;
1828 266

Arable land;
75 592

PG; 145 20

Fig. 1 Agricultural soil registered in EAP in 2020 according to the type of ground (ha)

Source: Author, according to the data of Green Deal 2021

In this part we analyse the selected indicators of the animal husbandry of ecological
agricultural production. The animals bred in EAP must have the free range and their natural needs
must be taken into consideration. The Table 3 illustrates the development of numbers of the selected
species of farming animals registered in EAP in the period 2012 —2020. The table indicates the numbers
of sheep, cattle, poultry, pigs, horses and the total number of animals. It also includes the animals in
conversion. The Table 4 shows the percentage representation of the individual categories of farming
animals out of the total number of animals of the given category. In spite of the 25% drop in the period
of evaluated years, the number of sheep prove the highest proportion in the long term. The numbers
of cattle are growing, but the numbers of poultry, goats and horses are decreasing. We monitor the
considerable rise in the number of pigs. In 2012 their number in EAP was 146 individuals and in 2020
the number achieved 1,478 individuals. The total numbers of farming animals bred in EAP decreased
by 4% from 162, 278 individuals in 2012 to 155, 585 in 2020.
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Table 3 Development of number of farming animals according to species bred in EAP (pieces)
Year Sheep Cattle Poultry Goats Pigs Horses Total
2012 | 107,327 43,293 8, 849 2,052 146 611 162, 278
2013 | 106,713 43,142 8,708 1,979 187 659 161, 388
2014 96, 976 44,772 8, 250 1, 005 175 569 151, 747
2015 97, 239 58, 945 4,110 1,527 503 643 162, 967
2016 93, 596 65, 724 5,311 1,429 438 590 167, 088
2017 | 102,000 61, 655 4,111 1,349 164 541 169, 820
2018 84,912 63, 340 5,340 1,419 547 541 156, 099
2019 96, 955 64, 244 6,316 1,814 732 529 170, 590
2020 80, 978 64,991 6, 054 1,619 1,478 565 155, 585
Index 0.75 1.50 0.68 0.79 10.1 0.92 0.96
20/12

Source: Author, according to the data of Green Deal and Statistical Office of SR

The proportion of the particular categories of farming animals bred in EAP out of the total
number of animals is indicated in the Table 4. During the whole monitored period the highest
proportion is evident with sheep. In 2020 this proportion was 31.1%. The growth was recorded also in
the numbers of cattle and goats. The proportion of poultry is very low in the long term, however, there
was a rise in the last year. The proportion of pigs is similar.

Table 4 Proportion of selected categories of farming animals bred in EAP out of total number of
animals (%)

Year Sheep Cattle Poultry Goats Pigs Total
2012 26.2 9.2 0.1 5.9 0.0 8.28
2013 26.7 9.2 0.1 5.6 0.0 8.32
2014 24.8 9.6 0.1 2.9 0.0 7.48
2015 25.5 12.9 0.0 4.2 0.1 8.54
2016 254 14.7 0.0 3.9 0.1 8.82
2017 27.9 14.0 0.0 3.6 0.0 9.10
2018 24.2 14.4 0.0 3.8 0.1 8.50
2019 30.2 14.9 0.1 5.1 0.1 10.08
2020 31.1 15.7 0.1 8.9 0.3 12.50
Index 1.19 1.71 1.00 1.51 - 1.51
20/12

Source: Author, according to the data of Green Report and Statistical Office of SR
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In this part we deal with the selected negative impacts of agiculture on the environment.
We evaluate the development of pesticides and industrial fertilizers usage. Pesticides are the
effective chemical substances used in agriculture for the crop protection against the harmful
organisms, pests, diseases and weeds. In the world more than one thousand of the different
types of pesticides are being utilized. Their incorrect usage leads to the pollution of soil, water
and air. Slovakia is below the European average in the use of pesticides. The annual sale of
pesticides per hectare achieves 1.3 kg. Some countries in the EU have the usage threefold even
fourfold higher. As a part of the strategy “From Farm to Fork® with the objective to support the
transition of the EU to the sustainable food system and decrease the use of the chemical
pesticides, on August 31, 2022 the European Commossion passed the new regulations for the
availability of the ecological preparations for the crop protection for the usage in the member
staes of the EU. The new regulations mitigate the permitting of microorganisms usage as the
effective matters in pesticides and offer other possibilities for the farmers of EU to substitute
the chemical preparations for the crop protection by the more sustainable alternatives.

The development of the total pesticides usage in the agriculture of the SR in the period
2012 —2020 is indicated in the Fig. 2. The utilization of pesticides inceased by 1,479 tonnes in
the evaluated period. In the period 2018 — 2020 the pesticides usage is relatively stabile. In 2020
mostly herbicides were used (2,742 t), 1,244 t of fungicides, 378 t of insecticides and 1,057 t of
other pesticides. According to the plans of the EU the pesticides usage should be decreased by
a half till 2030 in the EU. In accordance with the opinion of the authors of this paper, to achieve
this target will be difficult because the pesticides usage was growing in the majority of the EU
countries in the period 2011 — 2020. The decrease was monitored only in seven countries,
leading country is Portugal (drop by 42%), followed by Ireland (drop by 28%) and the Czech
Republic (drop by 27%).

6 000
5521
5197 5212 > 404

5000 4773 4 595
4315
3943

4000
3000
2000
1000

0

2012 2013 2014 2015 2016 2017 2018 2019 2020

Fig. 2 Development of pesticides usage in agriculture of SR in 2012 — 2020 (t)
Source: Author, according to the data of the Central Control and Testing

5422

Institute in Agriculture

The application of industrial fertilizers (NPK) in kg of the pure nutrients per hectare of
the agricultural soil in the SR in the period 2012 — 2020 is shown in the Fig.3. In 2012 the usage
was 85.8 kg.ha!, in 2020 it was103,4 kg.ha"!, which means the growth by 17.6 kg.ha™!. The
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lowest utilization was monitored in 2016 (88.2 kg.ha™!). After this year there was recoreded the
rise in the use above 100 kg.ha™.
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Fig. 3 Develoment of industrial fertilizers usage in agriculture of SR in 2012 — 2020 (kg.ha™')
Source: Author, according to the data of the Central Control and Testing Institute in Agriculture

4. Discussion

The primary role of agriculture is to provide the sufficiency of healthy food of high
quality needed for assurance of population nutrition. For longer time the other non-production
functions of agriculture are being emphasized. Out of them the most significant one is the
assecuration of the sustainable usage of the natural sources and maintenance of viable
countryside. The ecological agriculture fulfills the idea of the sustainable development in
agriculture. It represents the alternative approach of the agrarian policy and strives for the
continuous production of the healthy foodstuffs in the way which has the minimal negative
impacts on the environment.

The interest in this form of farming is increasing constantly. In 2020 the area of
ecologically cultivated agricultural land achieved 222,896 ha. It constitutes more than 11% out
of the total agricultural land. According to the type of grounds, the permanent grasslands
(145,209 ha) and arable soil (75,592 ha) are ecologically managed to the highest level. The
total number of the registered participants was 1,037, farmers 698. These numbers are also
growing continuously.

Ones of the measures targeted at the ecologization of agriculture are so called bio-belts,
which constitute the prerequisite for the acquisition of funds from the eco-schemes of the new
Common Agricultural Policy. The mandatory part of the regulations for the farming companies
is to divide large soil areas, which exceed the maximal acreage 50 ha, or 12 ha in the protected
area. The ideas related to the formation of bio-belts differ. Many farmers are aware of the
necessity and obligation of a higher ecologization of agriculture, the others do not like the
introduction of this duty. The criticism also comes from the areas where the fields are divided
by ties or alleys formed individually in the past, whereby the given area is exceeded only by
a couple of hectares. If these producers want to comply with conditions, they will have to divide
such fields again.
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Emil Macho, the chairman of the Slovak Agriculture and Food Chamber said: ~ “After
the 1 January 2023 nobody will claim that the farmers are given money for doing nothing and
they get the subsidies only for some wheat or rape. The fact is that we will receive less money
for more work. The majority of agriculturists knew about the necessity to introduce the bio-
belts, therefore they were prepared and most of them will do it.*

Andrej Gajdos, the executive chairman of the Slovak Agriculture and Food Chamber
and adviser of eco-schemes stated: “The farmers have to be informed about the conditions under
which they can enter into the eco-schemes as soon as possible and what exactly their duties will
be. It is not that easy to form smaller areas out of large fields and also to sow the appropriate
crop selection, which should bring the sufficient yield on the one hand, and to attract new
animals, bees and butterflies on the other hand.*

5. Conclusion

The total number of animals bred in EAP is falling. According to the individual
categories we recorded the decrease of sheep, poultry, goats and horses. The significant growth
in the number of pigs is observed, a moderate increase in the number of cattle.

Agriculture affects the environment in the different ways, among them there is also the
usage of pesticides and industrial fertilizers. In 2020 the total utilization of pesticides in
agriculture achieved 5,422 tonnes. In comparison with the year 2012 it means the rise by 1,479
tonnes (38%). The decrease of usage of chemical pesticides is not an easy way. This process
takes several years. The reaction could be taking some steps — the utilization of the precise
technique, growing more resistant plant species, or the support of science and research in the
field of preparations for crop protection.

A moderate increase is also observed in the development of usage of industrial
fertilizers. In 2012 is was at the lowest level (85.8 kg.ha™!), in 2020 it reached the highest level
(103.4 kg.ha!). Overall, the growth is by 17.6 kg.ha™! (20.5%).

The ecological agriculture ranks among the alternative forms of soil cultivation with the
enormous perspective of the further development, resulting from the urgent needs of the society
and the increased demand for the biofoodstuffs. In the following period the faster development
of the ecological agriculture in the EU and Slovakia can be supported by the Common
Agricultural Policy with the increased subsidies for this form of farming. The farmers, who
would like to begin their ecological farming, are discouraged also by a high administrative
burden associated with the ecological farming.

The key program EU aimed at the funding research and development Horizon Europe
also emphasizes the sustainable agriculture. The declarations of the program are targeted at
a better management of nutrients, the integrated protection against pests and looking for the
alternatives of the chemical pesticides and synthetic fertilizers. These appeals are included in
one of the supported areas entitled Fair, healthy and environmentally-friendly food systems
from primary production to consumption FARM2FORK.

In the following period our farmers can expect new challenges. Apart from the
preservation of the economically effective enterprising, which will become very difficult with
the continuous growth of inputs, they will also have to meet the environmental objectives
resulting from the new regulations of the Common Agicultural Policy 2023 —2027.
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Abstract

Consumers' eating habits have recently been influenced by changing lifestyles, emphasis on health and
sustainability. The globally developing food market emphasizes the consumption of healthy and
functional food. Currently, Slovak consumers have the ambition to eat healthier and consume foods
with a high content of nutritional components. On the other hand, they look for foods that are a source
of quick energy, give strength, satiate and are practical. These functional food bars include for example
snack bars, energy bars, protein bars, fruit bars, cereal bars, granola bars, nut bars, sports bars. The
aim of the paper was to point out the consumer perception of functional food bars and the behaviour
of Slovak consumers when consuming these healthy foods. To achieve the aim of the paper, the
consumer survey was conducted by snowball sampling method in 2021 in Slovakia (n=1,138
respondents). The aim of the survey was to examine consumption preferences of cereal, muesli, and
protein bars and to identify the key reasons and determinants of the consumption of functional food
bars. The collected data were processed and evaluated through mathematical and statistical methods.
The results showed that approximately half of Slovak consumers are consumers of functional food bars,
while cereal and muesli bars are the most consumed. The survey showed that the key reasons for
consumption are taste, health aspect and energy replenishment. The content of proteins, fibre,
vitamins, and minerals are the most important determinants of choosing and consuming functional
food bars. Based on the results of the survey, it is possible to state that 66% of Slovak consumers will
not change consumed amount of functional food bars, and 28% of Slovak consumers plan to increase
their consumption of healthy functional foods in the future. It follows that it is desirable to consume
functional food bars due to their health aspect, nutritional composition, and convenience. The
consumer study provides an insight into the behaviour of Slovak consumers when consuming functional
food bars, with an emphasis on cereal, muesli, and protein bars, and becomes a suitable basis for the
scientific and research sphere, as the issue of consuming functional food bars has not yet been solved
in Slovakia. The study also provides information for business enterprises, which should expand the
range of functional food bars and develop new innovative functional food bars containing various flours
rich in proteins, vitamins, and minerals in view of the growing consumer demand. The study can also
be beneficial in the creation of food policy, or in raising consumer awareness of the health benefits of
consuming functional food bars.
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1. Introduction

Nowadays, the trend in the food market is the preference of consumers towards healthy foods,
which are easy to consume, store and handle (Constantin & Istrati, 2019; Singh, Kumari &
Chauhan, 2022). Functional food bars meet changing consumer requirements related to health-
promoting and convenient products (Kosicka-Gebska, Jezewska-Zychowicz, Ggbski,
Sajdakowska, Niewiadomska & Nicewicz, 2022). These bars are often produced foods with
content of cereals, fruits and nuts, which are a significant source of healthy nutrients, bioactive
compounds and fiber (Constantin & Istrati, 2019). Food bars are most often made based on
cereals, such as oats, rice, corn or on the basis of proteins (dairy milk proteins, soy or whey).
These foods are enriched with vitamins, minerals and other ingredients rich in nutrients or
energy, and are becoming a popular functional food.

Many studies differ in the definitions and formulations of food bars. The most famous types are fruit
bars (Sun-Waterhouse, Teoh, Massarotto, Wibisono & Wadhwa, 2010; Orrego, Salgado & Botero,
2013), wheat or soy based bars (Aramouni & Abu-Ghoush, 2010; Qin, Wang, & Luo, 2022; Lu & Zhou,
2019), cereal bars (Aleksejeva, Siksna & Rinkule, 2017), fruit and vegetable bars (Da Silva, Siqueira, Do
Lago, Rosell & Vilas Boas, 2013), vegetable bars (Ferreira, Santos, Moro, Basto, Andrade & Gongalves,
2013) or high-protein bars and protein energy bars (Hogan, Chaurin, O'Kennedy & Kelly, 2012;
Szydtowska, Zielinska, tepecka, Trzagskowska, Neffe-Skociriska & Kotozyn-Krajewska, 2020; Jabeen,
Huma, Sameen & Zia, 2021).

However, in general, it can be stated that the bars are consumed by consumers from all over the world
(Srebernich, Gongalves, Ormenese & Ruffi, 2016) because they provide instant energy (Zulaikha, Yao
& Chang, 2021). In addition, Kowalska, Kowalska, Ignaczak, Masiarz, Domian, Galus, Ciurzynska,
Salamon, Zajac, and Marzec (2021) add that consumers are oriented towards light meals, have a lack
of time to prepare and consume traditional meals, but are interested in eating healthy. According to
Ferreira, Pontes and Rodrigues (2007), bars are suitable for consumption, and the key motive for
consumption is a practical and convenient way of nutrient intake. Bars are therefore preferred by
consumers due to their high content of fiber, vitamins, and minerals, the consumption of which can
prevent various diseases such as obesity, cancer, and diabetes. The consumption of functional bars is
mainly preferred by consumers who are on a diet, have health problems, or are looking for a quick
snack (Farinazzi-Machado, Barbalho, Oshiiwa, Goulart & Pessan Junior, 2012; Zaveri & Drummond,
2009). Constantin & Istrati (2019) state that functional bars can be consumed as part of a meal, as a
dessert, or as a meal replacement. The consumption of functional bars is also often associated with
consumers who engage in sports activities (Hogan et al., 2012; Jovanov, Sakac, Jurdana, Praznikar,
Kenig, Hadnadev, Jakus, Petelin, Skrobot & Mari¢, 2021), or consumers who perceive functional bars
as a substitute for sweets and candies (Da Silva et al., 2013). This is also confirmed by Aleksejeva et al.
(2017), who state that consumers primarily prefer cereal bars, which they choose as an alternative to
the less-healthy snacks, a quick source of energy before a workout, or a substitute for a meal.
Constantin and Istrati (2019) summarized that the food bars consumption is influenced by satisfying
the need for sweets; saving time; using as an energy source; using for weight loss; and using for the
protein, fiber, vitamin contents, etc.
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In the context of the mentioned the aim of the paper is to point out the consumer perception of
functional food bars and the behaviour of Slovak consumers when consuming these healthy foods.
Based on the aim of this paper, the following research questions were formulated

1. Which functional food bars are most preferred among Slovak consumers?

2. What are the reasons for functional food bars consumption?

3. What are the key determinants of functional food bars consumption?

2. Data and Methods

Consumer study is based on questionnaire survey aimed to consumption functional food bars,
consumption frequencies of individual functional food bars, consumer preferences of functional food
bars, as well as to identifying key reasons and composition factors affecting functional food bars and
future perspectives related to consumption patterns toward functional food bars. The consumer
survey was conducted in the Slovak Republicin 2021 by snow-ball method. The sample of respondents
consisted of 1138 consumers, of which 594 were consumers of functional bars. Respondents were
divided according to the following socio-demographic characteristics, namely gender, age, education,

place of residence, economic activity, personal net income per month (Table 1).

Table 1: Socio-demographic profile of the sample

Total sample Sample of functional bars
Variables consumers
(n) (%) (n) (%)
Male 482 42.4 223 37,5%
Gender Female 656 57.6 371 62,5%
18 — 24 years 469 41.2 297 50,0%
25 -40 years 199 17.5 104 17,5%
Age 41-56 years 327 28.7 149 25,1%
More than 56 years 143 12.6 44 7,4%
Elementary 38 33 22 3,7%
Education Secondary 905 79.5 481 81,0%
Higher education 195 171 91 15,3%
. Rural 643 56.5 335 56,4%
Place of residence Urban 495 435 259 43,6%
Employed 484 42.5 228 38,4%
Student 412 36.2 267 44,9%
Self-employed 79 6.9 41 6,9%
Economic activity Unemployed 27 2.4 15 2,5%
Retired 112 9.8 32 5,4%
Maternity leave 9 0.8 2 0,3%
Other 15 1.3 9 1,5%
Upto 400 € 411 36.1 255 42,9%
401-600 € 145 12.7 56 9,4%
Personal net income per | 41 g5 ¢ 158 13.9 81 13,6%
month
801-1, 000 € 188 16.5 93 15,7%
More than 1, 000 € 236 20.8 109 18,4%

Source: questionnaire survey
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Consumers involved to the questionnaire survey determined consumer preferences of individual
functional food bars and their consumption frequencies. Differences between consumption patterns
between individual consumer groups of consumers in terms of socio-demographic characteristics were
identified using Chi square test of independence.

Respondents who consume functional food bars evaluated reasons of consumption on a 5-point Likart
scale, with 1 representing the least important reason and 5 representing the most important reasons.
Consumers determine significance of eight different reasons, namely replacement of one meal a day,
slimness and beauty, practical reasons, substitute for wafer biscuit/cookies, source of protein, energy
source, health aspect and taste. Differences among the examined reasons of consumption were
analysed using Friedman test and consequent post hoc pairwise multiple comparison test according to
Nemenyi.

The aim of survey was to identify key composition factors affecting purchase and consumption of
functional food bars. Consumers evaluated thirteen factors related to composition on a 5-point Likart
scale, with 1 representing the least important factor and 5 representing the most important factor.
A deeper analysis aimed at identifying the differences between these factors was also carried out using
the Friedman test and the Nemenyi method.

Using statistical methods in the XLStat and IBMSPSS programs, we evaluated consumer attitudes and
consumption patterns towards functional food bars in Slovakia.

3. Results and Discussion

The results of the consumer survey show that more than 50% of Slovak respondents are consumers of
functional food bars. We also identified that 16.6% of Slovak consumers of functional food bars
consume them several times a week and 18% of these consumers consume bars once a week. Survey
also showed that two thirds of consumers consume functional food bars occasionally or once a week.

Research was oriented on the consumer preferences of the functional food bars. Based on the results
it could be stated that cereal bars and muesli bars are the most consumed. Muesli bars are consumed
by approximately 40% of Slovak consumers at least once a week. Cereal bars are less consumed and
about third of consumer consume them once a week or more often. The least consumed are protein
bars and results show that more than 70% of Slovak consumer consume them occasionally or they do
not consume at all. Consumption frequencies of functional individual food bars are stated in the table
2. In the context of functional bars consumption in the Slovak Republic we identified differences in
consumption between individual consumer groups of consumers in terms of socio-demographic
characteristics. Based on the results of Chi square test of independence (p-value = <0.05) we found
that younger consumers and consumers with higher income tend to consume mainly cereal bars.
Further finding was that protein bars are preferred mainly by men, younger generation, university
educated and consumers with higher income.

Table 2: Consumption frequency of functional food bars

Consumption Frequency Muesli Cereal bars Protein bars
Several times a week 19.0 % 11.8% 10.6 %
Once a week 195% 21.7 % 155 %
Once a month 482 % 52.7% 374 %
No consumption 13.3% 13.8% 36.5%

Source: questionnaire survey
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The next aim of survey was to identify reasons of functional food bars consumption. Consumers
evaluated 8 reasons for consumption on a scale from 1 to 5, with 1 being the least important reason
and 5 being the most important reason. The results showed that consumers consider taste and health
reasons as key ones for functional food bars consumption. We also identified differences in the
evaluation of the reasons which were confirmed by applying the Friedman test (p-value = <0.001).
Consequent post hoc pairwise multiple comparison test according to Nemenyi groups the examined
reasons according to differences between mean of ranks. Differences among reasons for consumption
of functional food bars are shown by Demsar plot (Figure 1).

Figure 1: Reasons for consumption of functional food bars

Taste

Substitute for wafer biscuit/cookies /\_
_\ Energy source Health aspect

w
g
g . Source of protein
o Practical reasons
°
Slimness and beauty Substitute for wafer biscuit/cookies
L J
Replacement of one meal a day
y 3 1 S 6

Mean ranks

Source: questionnaire survey

Questionnaire survey was aimed at identifying composition factors affecting consumption of
functional food bars. Slovak consumers evaluated 13 different ingredients of functional bars on a 5-
point scale, with 1 being the least important composition factor and 5 being the most important
composition factor. Based on the results of the survey it could be concluded that the most significant
factors related to composition are energy value, content of proteins, fibre, vitamins, as well as the
lowest content of sugar. Differences between examined composition factors were also analysed using
the Friedman test and we identified differences (p-value = <0.001). Table 3 shows the results of using
Nemenyi method and points out the means for individual composition factors and based of which
these factors are grouped. In addition, the results of Nemenyi's method are presented graphically using
the Demsar plot (Figure 3).

Table 3: Results of Nemenyi's method: Differences among examined composition factors

Sample Frequency | Sum of ranks Mean of ranks Groups
Lactose free 594 2676,000 4,505 A

Taurine 594 3062,500 5,156 A B
L-carnitine 594 3325,000 5,598 B

Flavour (e.g. yogurt topping) 594 4028,500 6,782 C
Collagen 594 4160,000 7,003 C
Minerals 594 4778,500 8,045 D
Carbohydrates 594 5004,000 8,424 D
Vitamin B 594 5034,000 8,475 D
Sugar 594 5070,000 8,535 D
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Vitamins A, E, C 594 5100,000 8,586 D F

Fibre 594 5433,500 9,147 F G

Proteins 594 5539,500 9,326 F G

Energy value | 594 5850,000 9,848 G
Source: questionnaire survey
Figure 2: Composition factors affecting consumption of functional food bars
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The last part of consumer survey was oriented on the future consumption. Results show that 70 % of
Slovak consumer will not plan to change consumption of functional bars. Positive finding was, that
more than 25 % of Slovak consumer will plan to increase consumption and only 2 % of consumers will
plan to consume fewer functional food bars compared to current consumption.

The results of a consumer study in Slovakia showed that approximately half of consumers consume
functional bars, and cereal and muesli bars are the most preferred. Furthermore, we identified the
need to obtain quick energy, the health aspect and the taste of bars as key reasons for consuming
these foods. In addition, energy value, fiber and protein content are decisive for consumers when
choosing functional bars. Consumer studies focused on snack bars, cereal bars, fruit bars or protein
bars were also carried out in other countries. According to Brazilian consumer study, the most
consumed food bars were fruit and cereal bars. Protein and nut bars may be more attractive only if
they would be offered for affordable prices (Pinto, Oliveira Freitas, Melo, Freitas, Souza Araujo, Minim,
de Souza & Bressan, 2018). Another study indicated that cereal and fruit bars are consumed by
majority of respondents 1 or 2 times per week. The primary reason for consumption were possible
positive effects, nutritional value or simple desire for sweet taste (Kosicka-Gebska et al., 2022). Based
on the research elaborated by Perkovic, Otterbring, Scharli, and Pachur, (2022), it can be stated that
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higher fiber content and healthy perception of fruit inside of bars were the main reason for consumer
acceptance. In this context, Forbes, Kahiya and Balderstone (2015) emphasize that sugar and total fat
are the most important nutritional factors for consumer decision-making purchases of food bars. In
addition, level of knowledge telated to nutrition and demographic variables such as gender and age
have certain impact on overall consumption of snack bars. (Constantin & Istrati, 2019).

4, Conclusion

To conclude the functional bars market will grow significantly in the coming years. A growing health-
conscious population across the globe has shown increasing preference towards the consumption of
different types of functional bars available in the market. The growth is mainly driven by the trend of
population obesity and also an increasing inclination of people towards weight loss. The most
preferred functional bars are energy bars, protein-rich bars, meal replacement bars and low
carbohydrate bars. As these functional food bars are very healthy we conducted questionnaire survey
and its results showed that in Slovakia more than 50% consumers consume functional bars and the
most consumed functional bars are muesli and cereal bars. Interesting finding was that protein bars
are preferred by younger generation, men, employed consumers with higher income. We identified
key reasons for consumption which are taste, health and energy source. Slovaks prefer bars with high
energy value, high protein, fiber, vitamin content and reduced sugar content. In the future 70 % Slovaks
will not plan to change functional bars consumption, and moreover more than 25% will plan to increase
their consumption. Based on the results of the consumer study and the situation on the functional
food bars market, it is desirable for Slovak consumers to be motivated for consumption of functional
bars. Furthermore, we suggest to consumer awareness of functional bars and inform and educate
consumers about healthy and functional food. We also suggest to appeal to food enterprises and
initiate them to develop and produce new functional bars containing various flours rich in proteins,
vitamins, and minerals in view of the growing consumer demand. In the future research it is necessary
to monitor trends in the functional bars market and to examine motives and barriers of consumption
in other countries.
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Abstract

The importance of agriculture as a food producer is unquestionable in every society. In the global
context of population growth and climate change, this role takes on even greater importance. It
manifests itself in the increase of the social order for affordable and high-quality food. Currently, not
only the conventional agriculture but also their alternatives, regenerative agriculture, contribute to
ensuring the required amount and assortment of food in society. What are the possibilities and benefits
of regenerative agriculture and what difficulties must be faced by those who choose this path in the
conditions of Slovakia — this forms the essence of the concept of the article in question? The aim of the
paper is to highlight regenerative agriculture as a challenge for farmers to improve soil health in the
current state, where the main problems are lack of rainfall and high input prices. The paper analyzes,
synthesizes, compares studies on the given issue.

Regenerative agriculture is a term denoting an approach to farming that reduces the use of tillage and
improves soil and water quality. Both thanks to the cultivation of diverse types of plants and crops and
thanks to the retention of organic matter in the land.

While studies have shown that there is a difference in crop yields between industrial farming and more
traditional methods, as well as many other emerging technologies, production efficiency as the industry
grows often leads to both lower costs and higher yields. The study by the US National Center for
Biotechnology Information (from 2018) found that regenerative farms are 78% more profitable than
conventional ones, in part due to lower input costs.

Keywords: regenerative agriculture, studies, benefits, conventional agriculture
JEL Classification: Q10, Q15

1. Introduction

Regenerative agriculture is an alternative means of producing food that, its advocates claim, may have
lower—or even net positive—environmental and/or social impacts. Regenerative agriculture has
recently received significant attention from producers, retailers, researchers, and consumers, as well
as politicians and the mainstream media. Despite widespread interest in regenerative agriculture, no
legal or regulatory definition of the term “regenerative agriculture” exists nor has a widely accepted
definition emerged in common usage (Newton P, Civita N, Frankel-Goldwater L, Bartel K and Johns C,
2020).

The adjective ‘regenerative’ has been associated with the nouns ‘agriculture’ and ‘farming’ since the
late 1970s but the terms Regenerative Agriculture and Regenerative Farming came into wider
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circulation in the early 1980s when they were picked up by the US-based Rodale Institute. Through its
research and publications (including the magazine Organic Gardening and Farming), the Rodale
Institute has, over decades, been at the forefront of the organic farming movement. (Giller, K. E.,
Hijbeek, R., Andersson, J. A., & Sumberg, J.,2021)

Robert Rodale (1983) defined Regenerative Agriculture as ‘one that, at increasing levels of productivity,
increases our land and soil biological production base. It has a high level of built-in economic and
biological stability. It has minimal to no impact on the environment beyond the farm or field
boundaries. It produces foodstuffs free from biocides. It provides for the productive contribution of
increasingly large numbers of people during a transition to minimal reliance on non-renewable
resources’.

2. Data and Methods

For research we reviewed publications as journal articles, articles in magazines, web portal, web blogs
, Where regenerative agriculture was solved Our searches were designed to generate representative
insights into the diversity of use of the term “regenerative agriculture.” But the searches were not
designed to be completely systematic nor completely exhaustive, nor did they need to be for the
purposes of responding to our research question.

The paper analyzes, synthesizes, compares studies on the given issue of regenerative agriculture.

3. Results and Discussion

Climatic changes

Climate change is becoming one of the biggest environmental policy challenges of the 21st century.
The World Economic Forum's report on global risks (WEFGR, 2017) included among the 5 biggest global
risks, in addition to weapons of mass destruction, four risks somehow connected to climate change,
namely () extreme weather, (ll) water crisis, (lll) natural disasters and (IV) failure of mitigation
(elimination) and adaptation (adjustment) measures against climate change.

Agriculture also contributes to and is significantly affected by climate change.

In Europe and around the world, the consequences of climate change are becoming more and more
noticeable. The average global temperature continues to rise. Some natural processes and
precipitation patterns are changing, glaciers are melting, sea levels are rising and the water
temperature in the oceans is increasing.

Although the manifestations of climate change are different around the world and in regions, its
adverse consequences on socio-economic and natural systems are increasingly significant and require
an active solution. Global warming is clearly happening, faster than some scenarios in the past have
predicted. The updated linear trend (1906-2005) shows a temperature increase of 0.74 °C (in the last
50 years it shows an average warming trend of 0.13 °C per 10 years). By 2100, the Earth may warm on
average by 1.5 to 4.5 °C compared to pre-industrial levels. The continued increase in air temperature
will result in a reduction in the ability of the earth's surface (including seas and oceans) to absorb CO2.
It is very likely that periods of extremely high temperatures and torrential rainfall will become more
frequent. A temperature increase of 1.5 to 2.5°C will cause 20 to 30% of plant and animal species to
be affected and hundreds of millions of people on the planet will suffer from water shortages.
According to the most pessimistic scenarios, the air temperature on Earth will increase by about 7 °C
and the ocean level will rise by approximately 0.6 m by the end of this century. Atmospheric
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concentrations of carbon dioxide, methane and nitrous oxide have risen to levels that exceed those of
the past 800,000 years, mainly as a result of human activity, such as the production of emissions from
burning fossil fuels or from land-use change and deforestation.

The share of the production of the crucial greenhouse gas — CO2, according to sources, in 2014 was as
follows: 37% — electricity production, 31% — transport, 15% — industry, 10% — housing and services,
7% — others. We consider agriculture to be generally indifferent — within the balance of production
and sequestration of CO2, this balance is balanced — how much carbon dioxide is released into the
atmosphere during the year, during agricultural activity, how much is also bound from the atmosphere
into the new organic matter of agricultural crops through photosynthesis and cultures.

CO2 production by country in billion t and the resulting percentage of global production (35,890 t)
is as follows: 1. China — 9,680 t (27.0%), 2. USA — 5,561 t (15.5%), 3. EU — 3,420 t (9, 5%), 4. India —
2,597 t(7.2%), 5. Russia— 1,595 t (4.4%), 6. Japan — 1,232 t (3.4%), 7. Indonesia— 0.641t (1.8%), 8. Iran
-0.616 t (1.7%), 9. Saudi Arabia - 0.602 t (1.7%) and 10. South Korea - 0.599 t (1.6%).

Together, these ten biggest polluters of the atmosphere with CO2 produce 73.8% of it, which is
basically three quarters of its global annual production.

In Central Europe, since the end of the 19th century, the average air temperature has increased by
approximately 2 °C in both the warm and cold half of the year. The increase in temperature in the
other 37 years (since 1980) was significantly the highest in the entire era of meteorological
measurements in Central Europe (since 1775) and is probably the highest in the other 2,000 years for
the same period of time. Precipitation totals have not had a significant trend in Central Europe since
the end of the 19th century, but their variability has increased. (Smatana, J., Macak, M.,2022)

The goal of regenerative farming systems (Rodale, 1983) is to increase soil quality and biodiversity in
farmland while producing nourishing farm products profitably. Unifying principles consistent across
regenerative farming systems include (1) abandoning tillage (or actively rebuilding soil communities
following a tillage event), (2) eliminating spatio-temporal events of bare soil, (3) fostering plant
diversity on the farm, and (4) integrating livestock and cropping operations on the land. Further
characterization of a regenerative system is problematic because of the myriad combinations of
farming practices that comprise a system targeting the regenerative goal. Other comparisons of
conventional agriculture with alternative agriculture schemes do not compare in situ best
management practices developed by farmers, and frequently ignore a key driver to decision making
on farming operations: the examined systems’ relative net profit to the farmer. (LaCanne CE, Lundgren
JG., 2018)

From the research activities of many authors we can see that the main principles of regenerative
agriculture are:

e Minimising soil disturbance

e Minimising the use of chemical inputs

e Maximising biodiversity, both animals and plants

o Keeping the soil covered with crops as long as possible
e Adapting to the local environment

These are put into practice under a general, guiding principle of integrating all the farm’s operations
as far as possible. In today’s conventional farming approach, crops and livestock production are
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typically kept separate. Regenerative agriculture combines them in circular ecosystems; essentially,
the animals feed the plants, and the plants feed the animals. The regulated grazing of sheep or cows,
for example, encourages plant growth, and distributes natural nutrients back over the land in the form
of dung. Poultry also fertilises land, as well as eating unwelcome bugs and weeds.

Growing crops can also remove and add nutrients, and regenerative farmers use growing practices
that improve the health of their land. The more common regenerative farming methods include:

e No-till systems, which heavily reduce the digging and ploughing that can lead to loosened
topsoil being blown away by wind or carried away by water

e Cover crops, which are grown in the soil when the main commercial crop has been harvested,
and can be grazed by livestock or harvested themselves

e Increasing biodiversity, which increases the variety of nutrients going into the soil through
roots and natural decomposition and, if well-managed, attracts insects which are the natural
predators of pests

e Rotating crops, so that what is being taken out and put into soil naturally by plants is balanced

e Integrating livestock, so as to combine animals and plants in a single ecosystem

e Minimising chemical inputs, to minimise negative impact on biodiversity and pollution of
waterways due to runoff. (EIT Food, 2022)

The conventional agriculture vs the regenerative agriculture

The basis of conventional agriculture is tilling the soil, usually in the following sequence: tillage —
plowing — pre-sowing soil preparation — sowing — rolling. Plowing with plowshares and disc plows has
adverse consequences for soil biota. During plowing, the upper soil horizon is turned by approx. 25
cm. Organisms living in the surface layer of the soil get into unsuitable conditions in depth, and vice
versa — organisms from the "inside" of the soil get to the surface. Some of these organisms are able to
relocate, but a large part dies due to unsuitable conditions. This is mainly due to the illumination of
the soil and the rapid drying of the layer that was 25 cm deep before plowing. Soil aggregates are
broken during pre-sowing preparation and become pseudo-aggregates that are not resistant to water
erosion because they are not stabilized. All corridors, channels for edaphon and dead roots, important
for the natural water regime of the soil, will be disturbed. The consequence is that the soil is loose
after cultivation, but prone to re-consolidation during rainfall. After a heavy rainfall, air cannot enter
the soil until the network of channels is formed anew. Infiltration of larger amounts of precipitation is
very limited.

Conventionally cultivated soils have low biological activity, sometimes only at the level of 10%
biological activity of regeneratively cultivated soils. As a result of conventional farming, the soil has
poor resistance - resistance to external influences, and fertility must be maintained by supplying
fertilizers in conventional agriculture. A dysfunctional soil ecosystem results in an increased incidence
of pests and diseases, which are fought with chemical protective substances. These agrochemicals
further reduce the functionality of the ecosystem, thus closing the circle. Simple crop rotation and the
cultivation of monocultures on large areas also contribute to this. After harvesting the main market
crop, the fields are left bare and not covered by any vegetation, where intensive mineralization of
organic matter takes place in autumn. Carbon is oxidized into the atmosphere and contributes to
climate change, nitrogen is leached into surface and groundwater. Bare soil is also extremely
susceptible to wind and especially water erosion.

Regenerative agriculture can produce the same vyields per hectare as conventional agriculture. It
protects the soil and our homes from water erosion and flooding. It captures nutrients where they
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should be, i.e. in the soil and not in the water. It also contributes to mitigating climate change — by
growing plants, atmospheric carbon dioxide is captured and transferred to the soil, where it is
effectively bound. This effective technology thus helps capture greenhouse gases that are already in
the atmosphere. (Caja, R. 2021)

Although the concept of regenerative agriculture was developed in the 1970s, there is still no
consensus definition and although regenerative agriculture is gaining increasing international interest,
a critical scientific evaluation of objectives and assumptions has yet to be made Furthermore, there is
a multitude of other concepts that also relate to sustainable agriculture: for example agroecology,
conservation farming, organic farming, ecological intensification and carbon farming, among others.
Regenerative agriculture, as defined in Oberc” and Arroyo Schnell (2020), addresses similar objectives
as many of the other above-mentioned concepts and approaches: maintaining agricultural
productivity, increasing biodiversity and enhancing ecosystem services including carbon capture and
storage. (Oberc, B.P., & Schnell, A.A., 2020). In contrast to other related concepts, regenerative
agriculture is not viewed as defined a priori by a given set of rules and practices; instead, the goals that
should be achieved are set and then practices and new technologies are adopted over time which
contribute to achieve these goals. Regenerative agriculture explicitly stresses the opportunities of
restoration, especially for soils in the agricultural landscape and the interplay in the production chain
of various crops and ruminant and non-ruminant farm animals. These are principles also found in
agroecology and organic agriculture. The concept is nonetheless viewed as broader and less
prescriptive than other related concepts. Therefore, in contrast to some of the other approaches,
regenerative agriculture does not exclude the use of, for example, modern plant and animal breeding
technology, tilling, use of inorganic fertilisers or pesticides, but instead aims for a limited and more
targeted use. A characteristic feature that regenerative agriculture shares with other concepts is that
it aims to go beyond just reducing negative environmental effects of agriculture to actually producing
positive environmental externalities.( EASAC, 2022)

Main advantages of regenerative agriculture
The main advantages of regenerative agriculture:

Ecologically regenerative: it is a type of agriculture that is able to restore the potential of ecosystem
services. These are services offered by nature and which are intangible. This means that these services
are, for example, the absorption of carbon dioxide from the atmosphere during the process of
photosynthesis. It is not a service that we can quantify or value economically, but we are offered an
important service.

Economically beneficial: By improving soil conditions, variable production costs can be drastically
reduced. It also helps increase the yields they achieve by producing more crops.

Socially cohesive: Because it is a way to increase performance and productivity, it can create
employment and wealth at the local level. It is a good way to unite people around a new vision.
(JardineriaOn, 2022)

Regenerative agriculture in the World
The Rodale Institute has been running side-by-side field studies for the last 30 years, comparing organic
and conventional agriculture. Results show that after a 1 to 2 year transition period, when yields tend

to decline, there is no difference between conventional and regenerative farming in terms of yields. In
stressful conditions, particularly during droughts, the regenerative fields perform better because they
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are more resilient — the soil can absorb more water because it contains more biomass. And certainly
farmers we work with say the yields are the same, while their input costs go down.

Crucially, even where yields are lower, the price premium on regenerative and organic food can make
the crops more profitable than their conventionally-grown counterparts. In 2018, US researchers
showed that on farms in the Northern Plains of the USA, regenerative fields had 29% lower grain
production but 78% higher profits over conventional corn production systems. The picture can be
complex, and there are differences when it comes to input costs: regenerative and organic farming
tend to have higher labour inputs, while conventional use more pesticide and fertiliser.

The global regenerative agriculture market was valued at USD 7.74 billion in 2021 and is expected to
grow at a CAGR of 14.4% during the forecast period. Rising awareness and adoption of regenerative
agriculture, along with development due to increased concern and understanding about agriculture's
depletion of water, land, and air condition, is expected to propel regenerative agriculture market
growth during the forecast period.

Regenerative Agriculture Market Size, By Region, 2018 - 2030
(USD Billion)

- . .
2018 2018 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

 MNorth America Europe M Asia Pacific W Latin America mMiddle East & Africa

Source: Polaris Market Research Analysis

Figure: Regenerative Agriculture Market Size, By Region, 2018-2030)

Source Polaris Market Research Analysis

Regenerative agriculture in Slovakia

According to the principles of regenerative agriculture, an estimated 6,000 ha of land is farmed in
Slovakia, which is less than 0.4% of Slovakia's arable land (1,408,428 ha). Regenerative agriculture
practices are managed by two larger agricultural entities and several smaller self-employed farmers.
For comparison — the area of land registered in organic production as of September 2021 is 10.46%.
Compared to 2019, this is a slight increase, when a total of 859 entities were registered in the system
of organic agricultural production in the Slovak Republic, managing approximately 196,209.9 ha of
agricultural land, which represented 10.19% of the total area of agricultural land. In addition, we have
851,718 ha of permanent grassland and 118,955 ha of orchards, vineyards and gardens, where
agroforestry systems can be considered on a small part.
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There are many agronomists who are interested in the topic, but they are hindered by the economic
separation of companies. Business economists are not familiar with the topic and object to the higher
prices of sowing with a no-till seed drill. Savings in other activities and thus lower costs are often not
taken into account. The average consumption of diesel in conventional agriculture is around 110-
120 |/ha/year. Diesel consumption in regenerative agriculture is around 45 |/ha/year. Restraint in the
agricultural sector is largely related to the conservative approach of the population of Slovakia to
adopting new procedures in general. Willingness to introduce changes and new technologies is low.
The fear of possible economic instability during the transition to regenerative agriculture also plays a
role. The transition to no-till farming is generally associated with a temporary reduction in yields by
10-20%, which is, however, compensated by a more significant reduction in costs (30-40%). So the
farmer does not make a loss in the first year of the transition. After an average of five years (3 to 8
years), the fertility returns to the level of conventional farming. At lower costs, this means higher
profitability for the farmer. This time depends on the type of soil (sandy, loamy, clayey) and the degree
of its degradation before the start of the transition.

4, Conclusion

In the 21st century conventional agriculture incurs other indirect costs that cannot be ignored. The
long-term threat of climate change to the natural environment is well established, and agriculture
bears much of the responsibility for this. In its latest report on climate change, the IPCC states that
23% of the total global greenhouse gas (GHG) emissions are directly related to “agriculture, forestry
and other types of land use”. Conversely, regenerative agriculture seeks to increase the organic matter
in soil, which makes it better able to sequester carbon from the atmosphere, meaning it has the
potential to reduce climate change instead of contributing to it.

Some regenerative farmers argue that their grazing techniques can play a significant role in reducing
the carbon intensity of agriculture, and while some of these claims have been credibly disputed, some
scientists endorse the findings.

Regenerative farming has other demonstrable benefits besides improving soil health and helping to
fight climate change. Improving the soil not only increases fertility in a sustainable way, but also tends
to improve water infiltration. Better infiltration means less runoff, and also less erosion and pollution
from soil being carried away in the runoff water. In some areas, water springs that dried up several
years ago have begun to flow again due to new regenerative farming approaches.

In integrating different elements on the farm, the regenerative farmer seeks to revive the classic
mixed-farm model, which is an important consideration in food industry. By producing a greater
diversity of foodstuffs on one site, a farm can reduce external inputs and outputs, and thus reduce the
risk of contamination.

However, to practice regenerative agriculture effectively, many farmers will need to acquire new
knowledge and skills, particularly in respect of soil management. And managing farmers’ expectations
of results might be difficult, as critics have accused exponents of over-claiming on yield and benefits.
By not tilling the soil, farmers can save between 30 and 40 percent of time, and can decrease the
amount of soil erosion in certain terrains, but the disadvantages of regenerative agriculture are, in
many cases, that more unwelcome plants grow on the land, and some farmers compensate for this by
increasing their use of herbicide.
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Therefore, the main disadvantages of regenerative agriculture are:

e Farmers will need to acquire new knowledge and skills

Less tilling may lead to more unwelcome plants

Some farmers compensate by increasing their use of herbicides
Potentially lower yields, dependent on crop and local conditions
The transition away from conventional methods will take time

Regenerative farming clearly has some way to go yet before it can offer an alternative to current
conventional, large-scale agriculture. However, it’s equally clear that it is a source of important ideas
and influence. For farmers, a regenerative approach can offer new profitable and nature-friendly
economic models. For policymakers, it offers alternative ways of thinking about sustainability. And for
changemakers looking to reduce the negative impacts of farming, it represents small actions and
changes that are closely linked to a large-scale vision. (EIT Food, 2022)
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Abstract

Healthy eating is one of the key changes in people's lifestyles. As a result of these changes, food
purchasing mindsets have changed significantly in recent years. Until recently, price was the most
important criterion for most customers in grocery stores, but nowadays the quality and composition of
food is the most important criterion, especially according to consumer surveys. Recent surveys suggest
that price still plays an important role, and in many cases even more than the quality declared in
questionnaires. This is the typical question that respondents in surveys tend to answer as they are
expected to, rather than as they actually make their purchasing decisions in the shop. For the segment
of customers that tends towards a healthy lifestyle, getting enough exercise and eating a healthy diet
is important. In order to facilitate the choice of foods for a healthy and balanced diet, nutritional values
are displayed on products in some countries, with the three most widely used versions of labelling being
NS (Nutri-Score), GDA (Guideline Daily Amounts), MTL (Multiple Traffic Light). The paper highlights the
influence of selected nutritional indicators in consumer choice of functional foods. The paper concludes
by highlighting the merits of different types of FoPL food labels.

Keywords:, consumer behavior, functional foods, lifestyle, nutritional indicators

1. Introduction

Food consumption is one of the basic physiological needs of human beings. The food that our body
needs to function daily should contain a balanced ratio of essential macronutrients such as protein,
carbohydrates and fat. However, these values are often not considered or not understood by the
average consumer when selecting individual food products in the store. These are the most common
reasons why food manufacturers have facilitated purchasing decisions by labelling their products with
nutritional indicators on the front of the packaging to motivate consumers to make healthier food
choices.

1.1 Consumer Behaviour and Lifestyle

Consumer behaviour since 2020 has been strongly influenced by the global problem associated with
the Covid-19 pandemic, which has also had an impact on the economic side of individual countries.
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Consumer behaviour and consumption are highly dependent on the market context. Due to the
prolonged adverse situation, consumers have also had to adapt their purchasing habits and thus
modify their consumption motivations. Moreover, we still do not know what the future effects of the
closed and isolated nature of the pandemic in more than one country will have on consumers'
purchasing behaviour (Blazquez-Resino, Gutierrez-Broncano & Golab-Andrzejak, 2022).

Lifestyle more closely describes how individuals function and behave on a day-to-day basis when
carrying out various activities at work, in leisure or in the way they eat. It is the way in which
a personality is shaped by geographical, economic, political, cultural and religious influences
throughout its existence. As Farhud (2015) states in his article, according to WHO, up to 60% of the
factors influencing a person's health and quality of life stem from his/her lifestyle.

1.2 Healthy Foods and The Current Trend

Food is essential fuel for human functioning. Their purchase and processing pattern is related to the
characteristics of the consumer - their social status, economic opportunities, lifestyle, the environment
they are in, consumption preferences and various other factors determine this relationship between
consumer and food consumption (Martinho et. al., 2022).

In recent years, the prices of products and services have been rising steadily, which unfortunately has
not spared the agri-food industry. Food is a product that is inherently related to the basic physiological
need of human beings — eating, hence its primary position in the market. The purchase and
consumption of food is therefore the primary motive for all consumers, for which they are willing to
pay, but often price is the decisive factor in their choice. As mentioned by Carlson et al. (2012), when
comparing costs between healthy and less healthy foods, it is also essential to pay attention to the
price metric used, and portion sizes (e.g., per 100 grams) should be the same between the pairs being
compared. In addition, it is also important to look at how consumers perceive the term 'healthy' in
relation to such labelling on food packaging (Waterlander et. al., 2013), as we are unfortunately in an
era where the terms 'fit, zero, light, protein, organic, eco, raw and vegan' are becoming synonymous
with 'healthy', when their nutritional values on the back of food product packaging may show us
otherwise. However, in this context, we are faced with a contradiction between the price and quality
of healthy food. On the one hand, we have consumers who will prefer to buy an unhealthy option over
a healthier one because of the lower price, and on the other hand, we have consumers who are looking
for 'fitness or high in protein, low in calories, etc.' on food products when they buy them, and price
doesn't play such a significant role in their choice (Jo, 2016). A factor that can also greatly influence
this consumer decision making is a nutritional indicator such as a certain food labelling system (FoPL).

1.3 Nutritional Indicators and Their Role in Consumer Behaviour

The policy of labelling food products with nutritional indicators has been met with conflicting
considerations (Lusk, 2019). Labels and nutrition labels on food packaging make consumers more
informed choices directly during the purchasing process (Lusk, 2012). However, the flip side of food
indicator labels is precisely their costliness and their potential to mislead rather than inform consumers
(Schuldt & Schwarz, 2010), (Syrengelas et al., 2017). Such food indicator labelling on product packaging
can be objective — scientific in nature, but many companies use the labelling system only as a kind of
marketing purpose, such as the use of the word "natural" on non-meat foods (Lusk, 2019). Some of
the most well-known food labelling methods include calorie labelling on restaurant menus (Ellison,
Lusk & Davis, 2013), nutrition panels (Garretson & Burton, 2000), nutrition labels on the front of
product packaging (Julia et.al., 2016), semaphore, numeric and symbolic nutrition labels (Hersey et.al.,
2013), and others.

126 https://doi.org/10.15414/2022.9788055225579.125-133



https://doi.org/10.15414/2022.9788055225579.125%E2%80%90133

Sustainable, Resilient and Fair Food Systems in the EU and Globally
International Scientific Symposium, Bratislava — Nitra, October 6-7, 2022

2. Data and Methods

The subject of interest was testing the understanding and perception of the nutritional indicator Nutri-
Score and Nutrinform in the selection of functional foods. The experiment consisted of 2 separate
surveys. A quantitative survey with a sample of 1000 respondents was administered to 52% of women
and 48% of men aged 18 to 75 years (18-29 years, 18%; 30-39 years, 20%; 40-49 years, 19%; 50-59
years, 16%; 65 years and over, 27%). The survey was carried out from 19 April 2021 to 23 April 2021
by an external panel of the MNForce agency. The questionnaire included questions focusing on food
purchasing attitudes and healthy lifestyles. For the purposes of the survey, a fictitious brand Fine was
created to eliminate the influence of the brand, on which the influence of the Nutri-Score and
Nutrinform indicator was subsequently tested. The methodology was modeled after the Swiss model
by Egnel et al. (2020).

15 respondents participated in the qualitative survey under laboratory conditions. The testing process
can be seen in Figure 1.

Figure 1: The testing process in Laboratory conditions

Source: Own database based qualitative research 2022

Testing was conducted through in-depth interviews using Eye tracking in order to reveal explicit and
implicit preferences influenced by the Nutri-Score nutritional indicator.

Visual attention of the respondents was monitored by a Tobii Glassess 2 (100Hz) mobile eye camera
(eye tracking) and processed using Tobii Pro Lab studio software. Primary data were statistically
processed using descriptive and inductive statistics in RStudio software environment.

The survey was conducted on February 2022 in the Laboratory of Consumer Studies at FEM SUA in
Nitra.

3. Results and Discussion

The results of the quantitative research on a sample of 1,000 respondents show that 55% of
respondents pay a great deal of attention and 13% even a very great deal of attention to buying healthy
foods, but this is not reflected in the data based on the calculated BMI of overweight (36.5%) and
obese (26.5%) of the sample. In Figure 2, it can be seen that more than half (63%) of the respondents
are overweight (36.5%) and (26.5%) are obese according to the BMI index.
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Figure 2: BMI index of the survey participants
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In terms of gender, based on the BMI calculation, more men (44.33%) than women (29.13%) are
overweight. By income group, the most obese people are 37.84% in the income category 401 — 700 €
and the most overweight people are in the income categories 701 — 1000 € and 1001 — 2000 €. These
findings suggest the assumption that although most respondents are interested in healthy eating
ultimately at the point-of-sale price determines people reaching for less healthy alternatives. Next, we
investigated the impact of two selected nutritional indicators, Nutri-Score and Nutrinform, on the

ability to influence consumer choice in the functional food category.

Figure 3: Fictitious brand of functional foods with different nutritional balance
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128 https://doi.org/10.15414/2022.9788055225579.125-133



https://doi.org/10.15414/2022.9788055225579.125%E2%80%90133

Sustainable, Resilient and Fair Food Systems in the EU and Globally
International Scientific Symposium, Bratislava — Nitra, October 6-7, 2022

When selecting the products in terms of nutritional balance as indicated by the chosen indicators,
Nutrinform did not show any significant effect of the variables studied (BMI, healthy eating) (Table I).
For the Nutri-Score, a very weak positive correlation can be observed for the variables income and
education, i.e. there is a weak tendency for people with higher income/education to improve their
product choice more than those with lower income/education (Table Il).

Table 1: Selection of products depending on selected factors I.

NUTRI-SCORE [ i m ﬂ
Variable eE oy 3 o
BMI -0,027 -0,025
Healthy eating -0,037 0,036
Score 1 1

Source: Own processing based quantitative research 2021

Table 2: Selection of products depending on selected factors II.

NUTRI-SCORE e
Variable QE b%%
City size -0,055 -0,037
Education 0,108 0,001
Income 0,146 0,020

Score 1 1

Source: Own processing based quantitative research 2021

In the case of functional foods (protein, muesli bars), a statistically significant difference in the
understanding of nutritional quality through Nutri-Score (p=0.061) was confirmed at a=0.1, indicating
that the inclusion of Nutri-Score on the product thus improved the understanding of nutritional quality
for this product, but very slightly (if we work with the standard significance level a=0.05, we do not
observe a significant improvement), see Figure 4.
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Figure 4: Correctness of the determination — Nutri-Score
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Figure 5: Correctness of the determination — Nutrinform
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A statistically significant difference in the understanding of nutritional quality at a=0.05 was also found
for the Nutrinform labelling of the bar (p=0.001) see Figure 5, indicating that the inclusion of both
models (NS and NI) on this product improved consumer understanding of nutritional quality.

Under laboratory conditions, three functional bars (with real labels) were tested and differed in terms
of nutritional balance see Figure 6.
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Figure 6: Testing of 3 functional (protein) bars under laboratory conditions
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Source: Own database based qualitative research 2022

In the experiment, we focused on the external aspect of each sample, in which we investigated the
influence of the factor - packaging design on the respondent. The respondent's task was to answer a
guestion about which of the selected protein bar samples they would choose based on its packaging.

Up to 77% of respondents would choose the Barebells brand, and cited “the white color of the
packaging” and “the style of the font” as the most common reasons. Only 14% would choose
BioTechUSA, which caught their eye with its chocolate-colored packaging, and seven percent of
respondents were represented by the Nutrend brand, which had attractive packaging.

Figure 7 shows us again a heat map, which allows us to see which packaging was the most appealing
to respondents. The Excelent bar from the Nutrend brand had the hottest spots, i.e. the spots with the
most eye-catching packaging. Respondents paid attention to the picture showing the bar with
pistachios on the left side of the packaging and were also attracted by the name of the bar, especially
in the areas of the letters 'EXC'. They paid less attention to the right-hand side of the bar packaging
where they read the manufacturer's brand name. The second most viewed sample was Barebells,
which caught respondents' attention with the flavor name, particularly in the area of the words
'CHOCOLATE — PROTEIN BAR'.

Figure 7: Visual perception of functional bars under laboratory conditions without nutritional
labelling

Source: Own processing based qualitative research 2022
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The heat map (Figure 8) shows that the hottest spots - the spots with the hottest content — are on the
Nutri-Score food indicator for Nutrend's Excelent bar, which has the worst rating on this indicator, but
the hotter spots are also on the remaining Nutri-Score ratings. Among the packaging, the most eye-
catching this time was the design of the Barebells protein bar, which again caught the eye with its
graphic lettering. The indicator also increased preferences, with up to 93% of respondents opting for
the Barebells protein bar after seeing the indicator, which is confirmed by the results from the
biometric measurement with the eyetracker, with an increase of up to 14% in this round due to the
influence of the Nutri-Score.

Figure 8: Visual perception of functional bars under laboratory conditions with nutritional labelling

Source: Own processing based qualitative research 2022

The results suggest that Nutri-Score is an easy-to-read type of nutritional food label that can quickly
and efficiently facilitate consumers' purchasing decisions at the point of sale.

4, Conclusion

The results of the study show that despite higher BMI values (36.5% overweight, 26.5% obese),
reflecting the state of the population, 86% of respondents said that healthy eating was important to
them, with 24% saying it was even very important. We decided to test the impact of two nutritional
indicators, Nutri-Score and Nutrinform, in functional food choices. In this context, we tested whether
size of residence, BMI and equally healthy eating have an impact on improving the choice in terms of
nutritional quality, but this could not be statistically confirmed. For the Nutri-Score, we found a very
weak positive correlation for the variables income and education, i.e. there is a weak tendency for
people with higher income/education to improve their choice of product more than those with lower
income/education. These findings suggest two facts. The first is that people would probably like to get
better at losing but their income does not allow them to do so. The second is that people focus on
price when making food choices. The fact is that putting both models (NS and NI) on a protein bar
product improved consumer understanding of nutritional quality, which was confirmed statistically.

The results of qualitative testing also confirmed that the use of the 'Front of pack labelling' model in
the form of the Nutri-Score label has an impact on consumer decision making when choosing
a functional food. However, a limitation of the realised survey was to some extent the structure of the
tested sample of respondents, where more than half of the individuals confirmed an interest in healthy
eating and fitness, which may have influenced the results of the survey.

In order to validate and improve the results, we plan to conduct a similar quantitative study in a real
store setting in order to reveal the true impact of the Nutri-Score indicator on consumer purchasing
behaviour using eye tracking and electroencephalography (EEG).
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Abstract

Food waste is a serious environmental problem throughout the entire food chain. About 1/3 of the total
amount of food produced worldwide ends up as waste, requiring about half as much agricultural land
and using about half as much energy and fertilizer as would be needed to feed all the people on Earth.
Consumer behaviour on the market of products and services forms the core of interest in economics,
marketing, and social and psychological (behavioural) research. How consumers behave and make
their decisions on the food market, and how they deal with them after the purchase, affects not just
the producers and sellers but also the entire society and environment. Despite a large number of studies
dealing with consumer behaviour in the context of food waste, we are still only at the beginning of the
research into what influences responsible consumer behaviour, as there is still no comprehensive
framework that explains the determinants of the behaviour under study. The present paper aims to
present a comprehensive picture of food waste and to point out the importance of life satisfaction in
responsible consumer behaviour. The research group comprises 683 respondents aged between 18 and
83 with Slovak citizenship and permanent residence in the Slovak Republic. To meet the research
objective and collect the data, a complex questionnaire, which combines several survey techniques,
including psychometric methods, was created — while the first part of the questionnaire ascertains the
socioeconomic characteristics of the consumers involved in the research, the second part of the
questionnaire contains 48 items from the NEO five-factor personality inventory (from the original NEO
— FFI; NEO Five-Factor Inventory). Consumers' quality of life was evaluated based on the life satisfaction
questionnaire and the LISAT-11. We determined the level of food waste among consumers through
a 34-item attitude test. The results of our research show that overall satisfaction with life largely
depends on what a person is like, how he/she can live in society and communicate, what his/her
cognitive processes and affective states are and how he/she experiences them. Whether a person is
satisfied depends on many factors and areas of life. We work only with some of them in research. We
also found that the quality of life in selected areas significantly affects responsible consumer behaviour
and the rate of food waste.

Keywords: food waste, quality of life, consumer behaviour, consumer

JEL Classification: M39, L66, Q18
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1. Introduction

The concepts of sustainability and sustainable development are inherently linked to the environment
and environmental problems. Today, sustainability is a concept we encounter in various areas of our
lives daily, and sustainability and environmental issues are now becoming an integral part of our daily
lives.

The efforts to protect the environment and raise awareness of sustainability issues have undergone
a turbulent development. The critical year was 1983 when the United Nations (UN) established the
World Commission on Environment and Development, which focused on environmental problems.
This commission, also known as the Brundtland Commission, issued a report entitled Our Common
Future in 1987 (minzp.sk, 2020). This report deals with the problem of economic development that
can be sustainable without destroying non-renewable natural resources and the environment. In this
report, which politicians and environmental experts drew up, there can be found the first and most
frequently cited definition of sustainable development, according to which sustainable development
is the development that meets the needs of the present generations without compromising the ability
of future generations to meet their own needs (World Commission on Environment and Development,
1987).

In the conditions of the Slovak Republic, sustainability is defined by Act No. 17/1992 Coll. about the
environment as such development, which preserves the possibility for current and future generations
to satisfy their basic life needs, while the diversity of nature and preserving the natural functions of
ecosystems are not reduced.

Since the 1980s, the UN has been making efforts to raise the profile of sustainability issues and to
design, implement and monitor activities to mitigate the impact of human economic activities on the
environment. On September 8, 2000, the largest meeting of world leaders took place in New York,
during which the heads of state and government adopted the so-called UN Millennium Declaration. In
it, the countries committed to a new global partnership to help alleviate poverty and set several goals
with a deadline for their fulfilment by 2015. We refer to these goals as MDGs — Millennium
Development Goals (unis.unvienna.org, 2015; un.org, 2015), which are globally time-bound and
measurable targets focused on addressing extreme poverty in all its dimensions — income poverty,
hunger, disease, lack of adequate housing and exclusion while simultaneously promoting gender
equality, education and sustainability in the area of environment. They also contain fundamental
human rights — the right of every person on Earth to health, education, housing, and security.

Figure 1: Millennium Development Goals
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Source: Miléniové rozvojové ciele (Millennium Development Goals). (2015).

https://unis.unvienna.org/unis/sk/topics/2013/mdg.html

135 https://doi.orq/10.15414/2022.9788055225579.134-147



https://unis.unvienna.org/unis/sk/topics/2013/mdg.html
https://doi.org/10.15414/2022.9788055225579.134%E2%80%90147

Sustainable, Resilient and Fair Food Systems in the EU and Globally
International Scientific Symposium, Bratislava — Nitra, October 6-7, 2022

On September 25, 2015, the 2030 Agenda for Sustainable Development was approved at an
extraordinary UN summit in New York, determining the general framework for the world's countries
to eliminate poverty and achieve sustainable development by 2030. It is based on the Millennium
Development Goals from 2000 and builds on them.

The UN's 2030 Agenda for Sustainable Development is the most comprehensive set of global goals for
achieving sustainable development. The fundamental principles of the 2030 Agenda outlined in the
document approved by the UN General Assembly, "Transforming our world: 2030 Agenda for
sustainable development," are transformation, integration, and universality (vicepremier.gov.sk,
2015).

The transformative power of the 2030 Agenda is represented by the 17 Sustainable Development
Goals (SDGs) developed into 169 related sub-goals, which are intended to guide the structural political,
economic and social transformation of individual countries in the world response to the threats that
humanity currently faces. The 2030 Agenda is not legally binding. It expresses the intention of countries
to lead their development toward sustainability and set their national policies, strategies, and planning
to contribute to the achievement of global goals (sustainabledevelopment.un.org, 2018).

Figure 2: Goals of sustainable development
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Source: United Nations. (2015). The 17 Goals. https://sdgs.un.org/goals

There are nine years left to fulfil the 17 Sustainable Development Goals. The Social Progress Index
report (Green et al., 2020) indicates that if the current trend does not change, the goals will not be
met before 2082. The pandemic of the disease COVID-19 postpones the fulfiiment of the goals by
another decade, until 2092, so the delay is more than 60 years.

Several experts are worried about whether we can fulfil the goals of the 2030 Agenda, and they
propose radical changes in primary, secondary, and tertiary education. According to them, our inability
to solve worsening environmental problems stems from the fact that entire generations have been led
to unsustainability, even within the education framework. As an example, they cite the excessive use
of plastic bags (until recently, they were available for purchase in supermarkets and shops for free)
and plastic packaging, excessive use of private means of transport, consumerist lifestyles, excessive
consumption of fast food and others (The Baltic University Programme, 2021).

Food and water are essential resources that humans need for their survival. In developed European
countries, we do not yet experience food shortages to a large extent. We have relatively little (or no)
problems with drinking water supplies, so it might seem that the problem of food waste does not affect
us in any way. Consumers often struggle to realize their lifestyle and the associated food waste. They
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often do not see anything wrong with their way of life, so they are not willing or able to change
anything (Rybanska et al., 2021).

Food waste is a global and societal problem, falling under the issue of sustainable development.
Preventing food waste is one of the current priorities of the European Commission and its activities.
According to the Food and Agriculture Organization (FAO, 2011; FAQO, 2013), excessive waste leads to
higher emissions of greenhouse gases and more significant changes in biodiversity.

The task of the EU member states is to reduce global food waste at the retail and consumer level by
50% by 2030 and to reduce food losses in the entire production and supply process
(vicepremier.gov.sk, 2015). Reducing food waste and loss can lower production costs, improve food
security and contribute to sustainability (FAO, 2019).

Consumers are the biggest producers of food waste, so the final buyers and consumers — people in
households — waste the most from the entire food supply chain (Visschers et al., 2016; free-food.sk,
2021).

For consumers, this finding is often surprising (Rybanska, 2020). They believe supermarkets and
catering service providers are the most significant food waste producers. Therefore, several studies
and research, e.g., Evans (2011), Quested et al. (2013), Stefan et al. (2013), Abeliotis et al. (2014),
Graham-Rovew et al. (2014), Stancu et al. (2016), Diaz-Ruiz et al. (2018), Revilla and Salet (2018),
Schanes et al. (2018), Hebrok & Heidenstrgm (2019), Svétlik and Bulanda (2019), Lincényi et al. (2022),
and Aka & Buyukdag (2021) deal with factors that influence consumer behaviour that leads to food
waste. Although the issue of food waste has attracted the attention of many experienced experts in
the last decade, it has not yet been possible to create a comprehensive model that would reliably
explain consumer behaviour in this regard. Further research is therefore essential, as a thorough
understanding of consumer behaviour concerning food waste can significantly change the current
situation (Diaz-Ruiz et al., 2018).

The subject of our research is the quality of life as a potential predictor of consumer behaviour in food
waste.

2. Data and Methods

The present paper aims to present a comprehensive picture of food waste and to point out the
importance of life satisfaction in responsible consumer behaviour.

The research was carried out from January to December 2021, during the duration of the Covid-19
pandemic, which affected almost all aspects of our lives. Since the research subject is also consumers'
quality of life, we believe that the found evaluations are influenced mainly by the given situation.

In order to meet the research objective and collect the data, a complex questionnaire, which combines
several survey techniques, including psychometric methods, was created — while the first part of the
questionnaire ascertains the socioeconomic characteristics of the consumers involved in the research,
the second part of the questionnaire contains 48 items from the NEO five-factor personality inventory
(from the original NEO — FFI; NEO Five-Factor Inventory). Consumers' quality of life was evaluated
based on the life satisfaction questionnaire and the LISAT-11. We determined the level of food waste
among consumers through a 34-item attitude test.

The research group comprises 683 respondents aged between 18 and 83 with Slovak citizenship and
permanent residence in the Slovak Republic.
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3. Results

To verify the statistical dependencies and relations, the Tobit model represents a linear regression
model, which works with the so-called censored data. Censored data are those for which the value of
y in a given interval is reported as a given constant. We distinguish two basic types of censored data
(Greenberg, 2007):

1. Data bounded from above — values of y; are reported only for y; <Y, for values of y; > Y, the
value of Y is reported. Thus, the observations are a combination of continuous data fory; <Y
and the number of observations of the value of Y. This model assumes that the vector of
explanatory variables x; is observed for all i.

2. Results of extreme solutions — the values of y; are forcibly bounded.

Using a comprehensive questionnaire, we tried to find out as many socioeconomic characteristics of
consumers as possible (age, gender, place of residence, region of Slovakia where they live, marital
status, the highest level of education, employment, number of members in the household, number of
children in the household, net income in the household, etc.).

We did not find a statistically significant relationship between the mentioned socioeconomic
characteristics and the overall rate of food waste. We also did not find a statistically significant
dependence between the socioeconomic characteristics of consumers and individual indicators of the
rate of food waste. Consumer behaviour in food waste does not even depend on consumers'
characteristics.

Using the LISAT-11 life satisfaction questionnaire, we have evaluated the respondents' overall
satisfaction with their life while evaluating ten areas (leisure time, working life, financial situation,
contact with friends and acquaintances, sexual life, self-care, family, partner relationship, physical
health, and mental health), with which the respondents expressed their level of satisfaction. We found
out that the personality characteristics neuroticism, extroversion, and conscientiousness predict
overall satisfaction with life (Table 1).

Table 1: Tobit model for personality dimensions (NEOS) as predictors of life satisfaction

Satisfaction with life b Std. Err. t p>t
Neuroticism -0.2169316 0.0431661 -5.03 0.000**
Extroversion 0.2703734  0.0524166 5.16  0.000**
Openness 0.0805049  0.0586009 1.37 0.170

Conscientiousness 0.166631 0.0532862 3.13 0.002**

const. 27.12573 0.6790526 39.95 0.000

Note: ** means p < .01. Neuroticism, Extroversion, Openness, and Conscientiousness take on values from 1 to
12, with a lower value indicating a lower level of the given characteristic. Satisfaction with life represents the
achieved raw score in the LISAT-11 questionnaire and takes on values from 10 to 40. Higher values indicate
a higher level of satisfaction with life.

Source: Results of the own research
The higher the neuroticism score is, the lower the reported life satisfaction (p = 0.000). The higher the
degree of extroversion and conscientiousness is, the higher the reported satisfaction with life (p =

0.000; p =0.002). We did not find a relationship between openness and the overall level of satisfaction
with life.
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Using the questionnaire of life situations, we have evaluated the consumers' satisfaction with life in
8 areas (1. health, 2. work and employment, 3. housing, 4. own person, 5. financial situation, 6. friends,
acquaintances and relatives, 7. free time, 8. marriage and partnership). Although we do not evaluate
the overall quality of life through the mentioned tool, we use its scales because they provide a more
comprehensive picture of satisfaction in individual areas compared to the LISAT-11 questionnaire.

Because 258 respondents did not answer the questions related to their partner's life (they are single
and divorced respondents and respondents whose life partner died), we work only with seven
dimensions of life satisfaction in the following models.

We have found that satisfaction with work life and their financial situation predict consumers' overall
rate of food waste (Table 2).

Table 2: Tobit model for life satisfaction dimensions as predictors of food waste rates

Total b Std. Err. t p>t
Health -0.0406869 0.0750563 -0.54 0.588
Work and Employment 0.186856 0.0838246 2.23  0.026*
Housing 0.0050662  0.084255 0.06 0.952
Own person 0.1416405  0.0922273 1.54 0.125
Financial situation -0.1944319 0.0765153 -2.54 0.011*

Friends, acquaintances, and relatives 0.0335146 0.0822831 0.41 0.684

Free time 0.1253679  0.0743978 1.69  0.092

const. 61.60248 3.18212 19.36 0.000

Note: * means p < .05. Health, Work and employment, Housing, Own person, Financial situation, Friends,
acquaintances and relatives, and Free time acquire values from 7 to 49, with a lower value indicating low
satisfaction in the given area and a higher value indicating high satisfaction in the given area. The total represents
the total rate of food waste by individual consumers. Higher values indicate a lower rate of wastage.

Source: Results of the own research

The higher the satisfaction with life in the work area, the lower the overall rate of food waste. On the
contrary, the higher the satisfaction with life in the financial area, the higher the overall food waste
rate. We did not find a relationship between the other dimensions of life satisfaction and the overall
rate of food waste.

We have also investigated the relationship between the dimensions of life satisfaction and individual
indicators of the overall rate of food waste, i.e., the categories that result from factor analysis. These
are 1. Personal attitudes and beliefs concerning food waste, 2. The influence of the immediate social
environment on food waste, 3. Planning of food purchases, 4. We perceived health risks.

Similar to the overall rate of food waste, job satisfaction and financial satisfaction are predictors of
personal attitudes and beliefs about food waste (Table 3).
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Table 3: Tobit model for life satisfaction dimensions as predictors of personal attitudes
and beliefs about food waste (Factor 1)

F1 b Std. Err. t p>t
Health -0.0467522 0.0512253 -0.91 0.362
Work and Employment 0.1368134  0.0572097 2.39 0.017*
Housing -0.0462382 0.0575034 -0.80 0.422
Own person 0.0751194  0.0629444 1.19 0.233
Financial situation -0.1550829 0.0522211 -2.97 0.003*

Friends, acquaintances, and relatives 0.0008876 0.0561576 0.02 0.987

Free time 0.0691712  0.0507759 1.36 0.174

const. 41.26223 2.171772  19.00 0.000

Note: * means p < .05. Health, Work and employment, Housing, Own person, Financial situation, Friends,
acquaintances and relatives, and Free time acquire values from 7 to 49, with a lower value indicating low
satisfaction in the given area and a higher value indicating high satisfaction in the given area. F1 represents the
obtained raw score within the factor "Personal attitudes and beliefs concerning food waste." Higher values
indicate attitudes toward not wasting food (lower waste rate).

Source: Results of the own research

The higher the respondents' satisfaction with life in the work area is, the higher the scores they
achieved on the statements related to personal attitudes and beliefs concerning food waste, which
also indicates a lower rate of food waste. On the contrary, the higher the respondents' satisfaction
with life in the financial area is, the lower their score for statements regarding personal attitudes and
beliefs concerning food waste, which also indicates a higher rate of food waste. We did not find
a relationship between other dimensions of life satisfaction and personal attitudes and beliefs
concerning food waste.

We have also found that satisfaction with life in leisure activities predicts the level of food waste

determined through statements focused on the influence and cooperation of the closest social
environment (Table 4).
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Table 4: Tobit model for dimensions of life satisfaction as predictors of the influence of
the immediate social environment on food waste (Factor 2)

F2 b Std. Err. t p>t

Health 0.0267497  0.0188286 1.42 0.156
Work and Employment 0.0333959  0.0210282 1.59 0.113
Housing 0.0261176  0.0211362 1.24 0.217
Own person 0.0292047  0.0231361 1.26 0.207
Financial situation -0.0368232 0.0191946 -1.92 0.055

Friends, acquaintances, and relatives 0.0343704  0.0206415 1.67 0.096

Free time 0.0802228  0.0186634 4.30 0.000**

const. 7.436621 0.7982666 9.32 0.000

Note: ** means p < .01. Health, Work and employment, Housing, Own person, Financial situation, Friends,
acquaintances and relatives, and Free time acquire values from 7 to 49, with a lower value indicating low
satisfaction in the given area and a higher value indicating high satisfaction in the given area. F2 represents the
achieved raw score within the factor "Impact of the immediate social environment on food waste." Higher values
indicate a lower influence of the social environment on consumer behaviour related to food waste (and a lower
rate of waste).

Source: Results of the own research

The higher the respondents’ satisfaction with life in the area of free time is, the lower the influence of
their immediate social environment on their behaviour in the context of food waste (they achieved
a higher score here), which, given the wording of the statements, indicates a lower level of waste. We
did not find a relationship between the other dimensions of life satisfaction and the influence of the
immediate social environment on food waste.

Table 5: Tobit model for dimensions of life satisfaction as predictors of planning food
purchases (Factor 3)

F3 b Std. Err. t p>t
Health -0.0309652 0.0136723 -2.26 0.024*
Work and Employment 0.0027801  0.0152726 0.18 0.856
Housing 0.0121168  0.015346 0.79  0.430
Own person 0.0236796  0.0168024 1.41  0.159
Financial situation -0.0098132 0.0139369 -0.70 0.482

Friends, acquaintances, and relatives -0.0016401 0.0149871 -0.11 0.913

Free time 0.002621 0.0135574 0.19 0.847

const. 6.348142 0.5797461 10.95 0.000

Note: * means p < .05. Health, Work and employment, Housing, Own person, Financial situation, Friends,
acquaintances and relatives, and Free time acquire values from 7 to 49, with a lower value indicating low
satisfaction in the given area and a higher value indicating high satisfaction in the given area. F3 represents the
achieved raw score within the factor "Planning food purchases." Higher values indicate lower levels of food
shopping planning (and higher levels of wastage).

Source: Results of the own research
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The higher the respondents’ satisfaction with their life in the area of health is, the lower their score on
statements related to planning food purchases, which, given the wording of the statements, indicates
a higher rate of food waste. We did not find a relationship between other dimensions of life satisfaction
and food shopping planning.

We also did not find a relationship between the fourth category — perceived health risks — and
individual dimensions of quality of life.

In the last model, we have included all eight areas of quality of life (including the area of partner
relations). We have filtered out respondents who stated they lived in a marital or partnered
relationship (N = 425), leaving out single, divorced, and widowed respondents. Thus, the respondents
were not randomly selected. We have once again investigated whether the individual dimensions of
life satisfaction are predictors of the overall rate of consumer food waste or individual indicators of
the rate of food waste. We achieved the same results as when only the seven dimensions of life
satisfaction were included. The difference occurred only in the case of the consumers' closest social
environment (Table 6).

Table 6: Tobit model for dimensions of life satisfaction (including marriage and
partnership) as predictors of the influence of the immediate social environment on food
waste (Factor 2)

F2 b Std. Err. t p>t
Health 0.0387099  0.0244161 1.59 0.114
Work and Employment 0.0538119  0.0259152 2.08 0.038*
Housing 0.0093601  0.025781 0.36 0.717
Own person -0.0116339 0.0305716 -0.38 0.704
Financial situation -0.0588176 0.0234425 -2.51 0.012*

Friends, acquaintances, and relatives 0.0332613 0.0274679 1.21 0.227

Free time 0.046061 0.0231827 1.99 0.048*
Marriage and partnership 0.0454257 0.0205851 2.21 0.028*
const. 8.795495 1.068855 8.23  0.000

Note: * means p < .05. Health, Work and employment, Housing, Own person, Financial situation, Friends,
acquaintances and relatives, Free time, and Marriage and partnership take on values from 7 to 49, with a lower
value indicating low satisfaction in the given area and a higher value indicating high satisfaction in the given area.
F2 represents the achieved raw score within the factor "Impact of the immediate social environment on food
waste." Higher values indicate a lower influence of the social environment on consumer behaviour related to
food waste (and a lower rate of waste).

Source: Results of the own research

We have found a statistically significant relationship between the four dimensions of life satisfaction
and the influence of the immediate social environment on food waste. The higher the satisfaction with
life in the work area is, the lower the influence of their immediate social environment on their
behaviour in the context of food waste, which, considering the wording of the statements, indicates a
lower rate of taste. The higher the respondents' satisfaction with the financial situation, the higher the
influence of the social environment, and therefore the higher the food waste. The more satisfied the
consumers are (with spending their free time and with their partner life), the lower the influence of
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their immediate social environment on their behaviour in the context of food waste, which, given the
wording of the statements, indicates a lower rate of the waste.

4, Conclusion and Discussion

Quality of life and satisfaction with life is the subject of much economic, psychological, and medical
research because how we feel, how we experience our life, whether we are happy or at least satisfied,
affects our behaviour and also most of our decisions, behaviour on the market for products and
services and consumption decisions without exception. Consumer behaviour in the context of food
waste is currently at the centre of interest of developed countries' governmental and non-
governmental sectors because excessive consumption, waste, and the subsequent excessive
generation of waste represent some of the most severe environmental problems of today.

Researches dealing with the impact of the environment on the quality of life, e.g., De Hollander &
Staatsen (2003), Ward Thompson & Aspinall (2011), and Keles (2012) prove that the environment is
one of the most critical factors affecting the life satisfaction — the more the environment around us is
damaged, the lower is the overall quality of life. The environment affects satisfaction with life in all its
dimensions because the environment touches every aspect of our lives.

The presented research aimed to find out how the quality of life affects the behaviour of consumers
in the purchase and consumption of food, especially in the context of food waste, and thus to indirectly
find out how the consumer affects (or is willing to affect) the environment through his consumption
behaviour.

We found no statistically significant relationship between consumers' socioeconomic characteristics
and the overall food waste rate, as determined through the created attitude test. Based on existing
research, we believe that food waste could depend on age or the amount of income and the number
of household members. A similar study conducted in Denmark and Spain (Grasso et al., 2019) showed
that older consumers and consumers who did not work full-time wasted less (in both countries); in
Denmark, men wasted more and cohabiters less with more than four people. The relationship between
consumer behaviour and the rate of wastage was particularly evident in the items "shopping habits"
and "preparation of meals." Also, in our research, food purchase planning plays an important role and
is associated with the rate of the waste. However, socioeconomic characteristics did not turn out to
be statistically significant factors influencing the rate of food waste. We believe that the reasons may
be different. One of them may be the different wording of the statements in the attitude test for
determining behaviour concerning waste or the different lifestyles of Slovaks.

We have also found no statistically significant differences in the food waste rate depending on
consumers' personal characteristics. However, we have found out that personality characteristics
predict the overall level of satisfaction with life determined using the LISAT-11 questionnaire. The
higher the score of the respondents in the measure of neuroticism, the lower their subjectively
perceived satisfaction with life. The higher their level of extroversion and conscientiousness is, the
higher their satisfaction with life.

Personality research has been going on for several decades in various spheres, and our results confirm
the findings of domestic and foreign authors. Extroversion as a predictor of life satisfaction is
confirmed by several researchers, e.g., Costa & McCrae (1980), Herringer (1998), Schimmack et al.
(2004), Gale et al. (2013) and Hyuniji et al. (2017). People who manage interpersonal communication
and functioning in society more easily feel a higher satisfaction with life compared to introverts, which
in some cases, perceive routine matters as demanding situations for extroverts. Neuroticism, by its
very nature, includes more frequent and intense experiences of adverse effects; therefore, people who
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achieve higher scores in neuroticism report lower satisfaction with life (Costa & McCrae, 1980; Gale et
al., 2013). Conscientious people generally achieve higher life satisfaction compared to people with
lower levels of conscientiousness. In case of significant life problems, e.g., losing their job, their quality
of life declines faster than less conscientious people (Boyce et al., 2010).

A study in Switzerland in 2015 (Visschers et al., 2016) investigated which determinants (taken from the
theory of planned behaviour, whose central element is the intention to behave in a certain way) best
explain household food waste. They classified the determinants into nine categories: 1. Intention to
avoid food waste, 2. Personal attitudes, 3. Financial attitudes, 4. Perceived health risks, 5. Perceived
behavioral control, 6. Subjective norms, 7. Personal norms, 8. The identity of a good host, 9. They were
planning in the household. The study's authors found that people who scored higher in the "intention
to avoid food waste" also reported a lower rate of food waste in their households. However, personal
standards and attitudes, subjective standards, and perceived health risks did not significantly impact
the amount of food thrown away. The authors also found that different predictors were relevant for
discarding different food groups. They concluded that to prevent food waste, we need to focus mainly
on increasing perceived behavioral control in the context of waste as consumers become increasingly
aware of the environmental impact of their behaviour.

In our research, we have investigated whether the subjectively perceived quality of life (satisfaction
with life) has an effect on the total rate of food waste, determined in a similar way as the authors of
the Swiss study, or on individual indicators of the total rate of waste, which we divided into four groups.

We have found that consumers' satisfaction with their work life and their satisfaction with their
financial situation predict the overall rate of food waste. The higher their subjectively assessed
satisfaction with life in the work area is, the lower the overall rate of food waste. On the contrary, the
higher their satisfaction with life in the financial area, the higher the overall food waste rate. We did
not find a significant relationship between how much consumers earn and waste. So we can assume
thatit is not important how much money the consumer has at his disposal, but how much he is satisfied
with it. His other behaviour on the market depends on this.

Similar to the overall rate of food waste, job satisfaction, and financial satisfaction are predictors of
personal attitudes and beliefs regarding food waste. In a study by Visschers et al. (2016), the authors
found that the intention to behave responsibly is the most significant indicator of the amount of
wasted food. Our results show that the more satisfied consumers are with their work, their beliefs
about the necessity of responsible consumption are stronger. However, the more satisfied they are
with their financial situation, the less they care about responsible consumption.

An essential indicator of the food waste rate is the cooperation and influence of the immediate social
environment. The more the respondents are satisfied with how they spend their free time, the lower
the influence of their immediate social environment on their behaviour in the context of food waste,
which means they waste less. Although we have a separate dimension related to family and friends in
the life satisfaction questionnaire, we believe that family and friends are often an essential part of
leisure activities. We can therefore assume that if the consumer is satisfied, what his friends and
relatives think, does not influence his decisions in the context of food waste (e.g., if he is convinced
that he does not want to waste food, he will not do so, even if his family and friends behave differently,
or they will try to influence his decisions) (Rybanska et al., 2021).

When we added satisfaction with partner life to the model, we found that satisfaction with work,
satisfaction with the financial situation, satisfaction with spending free time, and satisfaction with
partner life are also significant predictors of how the social environment enters into decisions about
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food waste. Satisfaction with free time, work, and partner relationships indicate a lower social
environment influence on consumer behaviour.

The higher the satisfaction of the respondents with their life in the area of health, the lower their score
on the statements related to planning food purchases. However, this finding does not mean that
consumers with a higher quality of health waste more overall. We believe that, unlike consumers who
report lower health satisfaction, consumers with a higher quality of health are not forced to plan their
purchases in detail because, e.g., they are not limited by diseases of the digestive tract or other
diseases that limit the possibilities of eating.

Based on the results, we can assume that quality of life is a significant predictor of responsible
consumer behaviour. However, we are aware of many limitations of our research. In order to
definitively confirm the results achieved, further investigations are necessary. In the present study, we
also agree with other authors who found a significant relationship between life satisfaction (or its
indirect indicators) and environmentally acceptable consumption (Welsch & Kuhling, 2010;
Roodhuyzen et al., 2017).
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Abstract

Food waste is one of the serious global and societal problems falling under the issue of sustainable
development. All member states of the European Union are dedicated to preventing food waste, which
is also one of the current priorities of the European Commission and its activities. Although many of the
Earth's inhabitants suffer from hunger and deprivation, consumers in developed countries prefer a
consumerist way of life, wasting limited resources and overburdening the environment. The presented
paper aims to determine how the selected social marketing tool (social advertising) affects conscious
and subconscious consumer reactions and behaviour concerning food waste. The research is divided
into two parts and was carried out on two independent research sets — consumers in Research Set X
(171 respondents aged from 20 to 46) answered questions in a prepared questionnaire and evaluated
two social advertisements; consumers in Research Set Y (59 respondents aged from 17 to 50) rated the
same social ads as consumers in Research Set X, and at the same time their emotional reactions from
facial expressions (micro-mimics) were assessed using the Face Reader software. In the research, we
have worked with two social audio-visual advertisements on the social networks TikTok and Youtube.
The results of our research show that social advertising with emotional appeals, which evoke complex
emotions, such as sympathy or emotion, has great potential to educate consumers and influence (in
the desired direction) their behaviour and decision-making in the food market. It creates a counterpoint
to commercial advertising and helps consumers realize the seriousness of the consequences of their
behaviour in the context of food waste.

Keywords: food waste, social advertising, consumer reactions, emotions
JEL Classification: M37, M39, L66, Q18

1. Introduction

Food waste is a significant environmental problem that occurs throughout the food chain. It means
that it concerns us all. Approximately 1/3 of the total amount of food produced ends up in waste.
Because of this, we need about % more agricultural land and consume about % more fertilizers,
pesticides, and energy than would be needed to feed all the people on Earth (WWF Deutschland,
2015). Animal food is a particular problem. Of the stated amount of wasted food, roughly % is thrown
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away in households because too much is bought or cooked (Smarticular, 2020). The real reasons for
excessive food waste are complex, and there is no universal model to explain consumer behaviour in
this context. However, we have a large amount of partial research at our disposal, so we can assume
that environmental damage occurs mainly due to people's consumerist way of life in developed
countries.

We can define consumerism as a way of life that brings an excessive interest in consumption.
Consumption is at the centre of a person's attention. Consumerism as a way of life is accompanied by
the belief that our life is just a series of problems and solving them is the personal responsibility of
each of us. Every problem has a solution that we can "buy" from professionals. Thus, consumerism as
a lifestyle means that one has to run one's life like a small business (Shaw and Aldridge, 2003).

Marketing communication has a significant influence on the opinions and behaviour of consumers.
This is also confirmed by the fact that more than 400 billion dollars are spent on advertising annually
worldwide. If marketing communication, and especially advertising, did not work, companies would
never spend such large sums on marketing activities. Hand in hand with such a massive sphere of
influence should also go the responsibility for what kind of consumer behaviour marketing
communication creates, alternatively, strengthens because it is the only way to a long-term sustainable
society and a sustainable environment (Paulik, 2021).

The consumer society prioritizes material values, and its pillars are a large volume of production and
sales and excessive consumption that outweighs other human needs. Fashion trends and rapid
technological development primarily drive consumer society. Products wear out quickly and go out of
fashion before they stop working. Consumers do not buy new things because they need them but
because they want them, even though the "old" ones could still serve them reliably. The time of
average use of products (until buying a new one, the next one) is getting shorter, for example, for
clothes it is one year, for mobile phones about two years, we buy cars for about four years, etc.
(managementmania.com, 2021; FiSerovd et al.,, 2018). The result of the consumer society is the
excessive generation of waste, including food waste.

The opposite of consumerism is the so-called anti-consumerism, which focuses on reducing excessive
consumption and waste production, reducing factors that damage the environment, promoting quality
over quick and easy profit, and regulating unethical business. Anti-consumerism as a sociopolitical
ideology criticizes unlimited consumption and materialism (FiSerova et al., 2018). Anti-consumerism is
subsequently associated with the concept of anti-materialism, representing the opposite of the
materialism we associate with consumerism. While materialism focuses on acquiring and accumulating
possessions, anti-materialism rejects such behaviour. However, a complete rejection of consumption
is not possible - we need material things to live, and therefore instead of anti-materialism, as a more
appropriate contrast to materialism, we use the term anti-consumerism (Lee and Ahn, 2016; Mlad3,
2021).

Food waste is a global problem that occurs throughout the food supply chain. Although we have a
wealth of information on global food loss and waste, there are still serious gaps. FAO states in a report
from 2011 that up to 1/3 of food intended for final consumption ends up as waste. This represents 1.3
billion tons of food annually, even though every ninth person in the world (almost 900 million people)
suffers from a lack of food (free-food.sk, 2021). About 45% of fruits and vegetables, 35% of fish and
seafood, 30% of cereals, 20% of dairy products, and 20% of meat are thrown out of the whole food
intended for humans. Food losses vary in different countries' food chains (Valmorbida Moraes et al.,
2021). In developing countries, for example, significant losses already occur in the cultivation and
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processing of agricultural products, mainly due to outdated technology and processing methods. In
developed countries, most of the waste is in households (Fusions, 2016; Wisschers et al., 2016).

Utilizing leftover food is not difficult, but since we live in a hectic time, it is easier and faster to throw
unused food and leftovers into the trash than to think about what to do with them. Consumers who
keep pets have an easier decision. Food leftovers can be creatively processed instead of disposed of.
For example, the remaining pasta, rice, potatoes, or other vegetables can be used as the basis of other
dishes. Some parts of the food (for example, leaves and peels) can be further used to produce other
valuable products (for example, apple cider vinegar from apple peels, food for California earthworms
producing compost, home cosmetic products, etc. (Rybanska et al., 2021).

Excessive production of waste and its removal is currently among the biggest challenges for society
and the environment. As consumers, we must realize that our comfortable lifestyle and food waste
also contribute to waste creation. This is not only an ethical waste problem; food waste also represents
a significant burden on nature and is one of the significant causes of environmental degradation
(Rybanska et al., 2021).

Currently, we observe an increase in social, health, environmental and other social problems, which
significantly reduce our subjective satisfaction and quality of life. Therefore, new methods are
constantly being sought to alleviate these problems. One of the effective ways to draw attention to
existing problems and solve them is social marketing. Social marketing campaigns can help educate
and educate the consumer, thereby contributing to the mitigation or elimination of harmful factors. In
professional literature, social marketing is a relatively discussed topic in both commercials, moreover,
in non-commercial marketing, in recent decades, several different definitions of the term social
marketing have been created (Galandov4d, 2021; Bacuvnik and Harantova, 2014; Lincényi et al., 2022).

Although it might seem that the concept of social marketing is the domain of the 21st century, its roots
go much more profound. The first mention of the use of social marketing can be found

in the fifties of the twentieth century (Kafiuchova and Cabyova, 2018). Social marketing is a separate
discipline that mainly seeks to influence consumer behaviour leading to improved health, injury
prevention, and environmental protection, contributing to community well-being, and enhancing
financial well-being (Lee and Kotler, 2011).

The purpose of the submitted contribution is not only to point out the problem of food waste but,
above all, to find out how this problem can be solved, primarily with the help of social marketing, which
in this case can serve as an educational framework and help "educate" the next generations in
a "better" way.

2. Data and Methods

The presented paper aims to find out how the selected social marketing tool (social advertising) affects
conscious and subconscious consumer reactions and behaviour concerning food waste.

The research was divided into two parts and was carried out on two independent research sets —
consumers in Research Set X (171 respondents aged from 20 to 46) answered questions in a prepared
questionnaire and evaluated two social advertisements; consumers in Research Set Y (59 respondents
aged from 17 to 50) rated the same social ads as consumers in Research Set X, and at the same time
their emotional reactions from facial expressions (micro-mimics) were assessed using the Face Reader
software.

In the research, we have worked with two social audio-visual advertisements on the social networks
TikTok and Youtube.
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The first video (Figure 1) was created primarily for research purposes. It was published on the social
network TikTok on February 17, 2021, so we can create a hypothesis about its characteristics. The
author of the video is influencer YUWAC (https://www.tiktok.com/@yuwac?). On the TikTok social
network, its audience consists mainly of children, teenagers, and young adults between the ages of 8
and 35 from the Slovak and Czech Republic. At the time of the publication of the video, he had 50
thousand followers. The average age of the follower was approximately 16 years. In the investigated
social advertising, the Slovak audience comprised approximately 53% and the Czech audience 46%.
The average video viewing time during the monitored period (from February 17, 2021, to April 24,
2021) was 17.5 seconds.

Figure 1: Social Advertising Warning about Food Waste

Source: https://www.tiktok.com/@yuwac?

The second video (Figure 2) is posted on the YouTube social network and is not primarily
related to the issue of food waste. It is a Norwegian social campaign created in 2017 called The
Lunchbox and was created for the Norwegian Directorate for Children, Youth, and Family
Affairs. It draws attention to the fact that every child deserves to grow up in a family and the
need for substitute family care. The social campaign hit the social network in the summer of
2017 and reached more than 3 million views in Norway (more than half of the Norwegian
population) in 3 days. By September 1, 2017, the video had been viewed by more than 270
million people (Smith and Burnett, 2017). She is relatively unknown in Slovakia; only 7 of the
respondents in the research knew her.

Figure 2: Norwegian Social Advertising Used in the Research

L

Splggtfdns areloft

flm’t\haw vth

Source: https://www.youtube.com/watch?v=pYHZhoESs_8

3. Results

3.1 Evaluation of the questionnaire (1°* part of the research)
We presented five selected environmental problems to 171 respondents in the questionnaire survey.
Their task was to rank these problems from the most serious to the least serious, according to how

151 https://doi.orq/10.15414/2022.9788055225579.148-159



https://www.tiktok.com/@yuwac?
https://www.tiktok.com/@yuwac?
https://www.youtube.com/watch?v=pYHZhoESs_8
https://doi.org/10.15414/2022.9788055225579.148%E2%80%90159

Sustainable, Resilient and Fair Food Systems in the EU and Globally
International Scientific Symposium, Bratislava — Nitra, October 6-7, 2022

they perceived them. As we assumed, the consumers consider the least serious environmental
problem among the presented problems to be food waste. Deforestation follows. The respondents
consider the amount of plastic waste and air pollution to be approximately equally serious, moreover,
they consider water pollution the most serious of the presented problems.

We asked the respondents where along the food chain, according to them, most food is wasted. They
chose four categories: agricultural production and food processing, food retailers, restaurants and
services, and households. Respondents considered stores, supermarkets, and food sellers the most
frequent source of food waste (40.3%). Despite the established assumption, up to 39.7% of
respondents said that households and individuals waste most food. Not a single consumer thought
that the most waste was at the level of agricultural production.

Based on the knowledge of the colour semantic differential test and the psychology of colours, we
evaluated the representation of colours in selected ten food categories. The respondents' task was to
assign three colours from the 12 available colours to each food category according to their subjective
feeling. At the end of the questionnaire, respondents ranked these 12 available colours according to
popularity. Based on the popularity of colours, we evaluated whether consumers assigned more or
less popular colours to a given food category. The most popular colours among consumers are
generally white, black and light blue (ranked by consumers from 1 to 12, so more popular colours have
lower numbers). However, there are significant inter-individual differences among consumers.

From evaluating the representation of colours in selected food categories, we can conclude that the
most assigned colours correspond to the most prevalent colours in the given food category (e.g.,
vegetables — dark green, light green; meat — brown, red, etc.). In the categories of sweets, diet food,
healthy food, and fast food, we believe

that the respondents could assign colours to them according to their subjective preferences and the
popularity of specific products (e.g., pink and purple predominate in the case of sweets, which
corresponds to the colours of the packaging of many popular candies; in the case of diet food, white
and light green, which corresponds to the colours most often used on the packaging of diet foods; in
fast food, red and black colours prevail, which correspond to the colours used in the marketing
communication of fast food chains).

Despite the explicit instruction that the respondents should not assign colours to foods according to
the colour of the specific food, but according to their feelings, the assigned colours correspond to the
colours of the foods. We can therefore assume that consumers assigned colours to individual food
categories based on unconscious associations.

Based on respondents' answers, we compiled a list of foods consumers often throw away. Consumers
often throw away baked goods, followed by ready (cooked) meals, milk and milk products, fruit,
vegetables, and meat and meat products. As many as 66 respondents (38.6%) said that they do not
waste food at all; that is, they do not throw away any food. Ownership of domestic animals and home
composting plants were most often mentioned. Nevertheless, we did not find statistically significant
differences in food waste behaviour between urban and rural consumers. For some consumers, we
assume the provision of socially desirable answers.

We also asked respondents about their favourite most popular foods among consumers in research
set X are pasta, pizza, and pancakes. The most popular fruits include strawberries, bananas, and apples,
and the most popular vegetables are tomatoes. We can state that the results found to copy the pan-
European trend based on the obtained data and information. However, we cannot confirm the
research assumption that consumers throw away foods they have a positive attitude toward less often.
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Differences in consumer behaviour concerning food waste according to gender, age, education, and
marital status were not detected. However, we found differences in consumer behaviour concerning
waste among consumers with dietary restrictions (gastrointestinal disease, food allergy, or
intolerance). Thirty-four respondents with dietary restrictions took part in the research.

We found that compared to consumers without dietary restrictions, they throw away food more often,
p = 0.036 (Table 1, Table 2).

Table 1: Consumer Responses According to Whether They Have Any Dietary Restrictions

Food waste Total
None Low Mid High
level level level
Allergy or intolerance IBS, IBD yes 57 10 34 36 137
well 6 6 9 13 34
Total 63 16 43 49 171

Source: own processing

Table 2: Mann-Whitney U test

Food Wasting

Mann-Whitney U 1812.000
Wilcoxon W 11265.000
FROM -2.098
Asymp. Sig. (2-tailed) 0.036

Source: own processing

Food allergies are life-threatening, so consumers must be cautious when choosing and consuming
food. Food intolerances and histamine intolerance are usually not life-threatening, but they can cause
significant difficulties. There is currently no effective treatment for irritable bowel syndrome; the
symptoms can only be alleviated by proper lifestyle and stress and anxiety management. Inflammatory
diseases of the digestive tract are lifelong diseases, the treatment of which is difficult and tiring. We
believe that consumers who suffer from some form of allergy, intolerance, or have IBS, IBD, or celiac
disease choose their food very carefully moreover, they are much more careful than regular
consumers. This may also be the reason why they throw away more food. They are not willing to take
risks and prefer to throw away food whose freshness and properties they are not sure about.

Respondents in the questionnaire evaluated two social advertisements. In the following section, we
present the results of evaluating these ads on bipolar scales and graphs of the semantic differential.
The respondents evaluated the first social advertisement (video No. 1) on eight bipolar scales. Social
advertisement No. 1 is considered by the respondents to be averagely interesting, pleasant, and fun.
They believe it is not emotional, but they perceive it positively. It is good but weaker.

We also found differences in the evaluation of social advertising between men and women, between
consumers depending on their place of residence and jobs, and we also investigated differences in
evaluation according to the number of points achieved in a short empathy test.

Men evaluate social advertisement No. 1 as more optimistic and interesting than women who find it
funnier. We can assume that the style of humour used in the video appealed to them more.
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Between consumers, depending on their place of residence, there is a statistically significant difference
only on the bipolar scale - social advertising appears more moving to consumers living in rural areas.

From the respondent's employment perspective, it can be said that consumers who do not have a job
consider video No. 1 as more interesting, positive, better, and stronger. Unemployed respondents are
mostly younger students who do not yet have a job or a part-time job. As we mention in the ad's
description, it targets teenagers and young adults. Thus, we can assume that unemployed respondents
evaluate social advertising more positively because they fall into the target category.

Respondents scored 3 to 9 points in a short empathy test. Accordingly, we divided them into two
groups. Respondents who scored lower points on the test (3-5) rate the advertisement more positively
on the three SD scales. Video No. 1 was liked by the majority of respondents (57%), and the majority
of respondents (54%) also answered that social advertisement No. 1, according to them, sufficiently
draws attention to the problem of food waste.

The respondents rated the second social advertisement (video No. 2) equally on eight bipolar scales.
Social advertisement No. 2 is considered by the respondents to be very interesting, sad, and emotional
but pleasant and positive. According to them, she is very touching, good, and strong. In social
advertisement No. 2, we investigated the differences in ratings between men and women among
consumers according to their marital status. We also investigated the differences between women on
maternity leave and women who study or work. Finally, we verified differences in consumer
evaluations of social advertising based on whether they scored lower or higher on the empathy test.
Between men and women, statistically significant differences in the evaluation were found only on the
bipolar scale. Men rate video No. 2 compared to women as better.

Differences in the evaluation of social advertising No. 2 among consumers according to selected
characteristics were not detected. Advertising carries a strong emotional charge, so we believe strong
emotional stimuli affect all consumers. Social advertisement No. 2 was disliked by only two
respondents. 58% of respondents said that, in their opinion, the advertisement draws enough
attention to the issue of food waste.

We compared the average ratings of both social ads (Figure 3), where we made sure that social ad
No.2 was evaluated significantly more positively and appealed to more consumers. Social
advertisement No. 2 carries a strong emotional charge, the emotional stimuli he works evoke negative
emotions (e.g., sadness, worry, regret). However, the story presented ends with a "happy ending,"
which significantly positively affects consumers and evokes emotion.

Figure 3: Comparison of Ratings of Both Social Ads

strong weak
good bad
impressive unimpressive
positive negative
emotional neutral
funny f"' sad
pleasant unpleasant =—e=\Video -1

N~

interesting boring Video

)

1 2 3 4 5 § 7

Source: own processing

Based on the obtained results, we can conclude that a social advertisement that carries a strong
emotional charge (and combines positive and negative emotions) is likely to appeal to more consumers
than a social advertisement that contains humour. More research is needed to confirm this conclusion,
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as more types of humour need to be included and to compare which type is liked by consumers of
different ages.

3.2 Evaluation of emotional reactions of consumers (2" part of research)

Fifty-nine respondents (research set Y) who took part in the second part of the research were
presented with the same two social ads as respondents in research set X. All respondents gave their
consent to participate in the research electronically and were instructed on collecting, evaluating, and
using the obtained data.

Based on the obtained data from the facial biometrics of the respondents, we found the prevailing
emotions that the respondents experienced while watching the selected social ads.

In both social advertisements, it was found that a neutral expression prevails the most, which is
natural, especially if the respondent knows that he is being observed. In video No. 1, emotions of joy
and sadness prevail. Joy appears when the respondent smiles; therefore, we can conclude

that the respondents smiled while watching the video on average. Grief is recorded, e.g., if the
respondent frowns. In video No. 2, sadness prevails because the emotional appeals that the ad
contains are intended to evoke pity and compassion. The consumer is usually not aware of his
micromimicry. When he knows he is being watched, he consciously pays more attention to his
expressions, but some expressions are unconscious.

Respondents in research group Y rated two social advertisements also on seven bipolar scales of
semantic differential. We also compared the ratings with those of the X research set (Figure 4 and
Figure 5).

Figure 4: Evaluation of Video No. 1 on Bipolar SD Scales — Comparison of Research Files
Xand Y

strong weak
good bad
positive negative
Research
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funny sad
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Source: own processing

Figure 5: Evaluation of Video No. 2 on SD Bipolar Scales — Comparison of Research Files
XandY
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When evaluating social advertising No. 1, we found only one statistically significant difference in the
evaluation by respondents from research sets X and Y. Respondents from research set Y rated the
advertisement as funnier than research set X. When evaluating social advertising No. 2, we did not find
statistically significant differences between respondents' evaluations from both research groups.

The interpretation of the obtained biometric data is quite tricky, mainly because we do not only
experience simple but mostly complex emotions, which can be reflected in different ways in our micro-
mimicry. Even negative emotional stimuli can cause an emotional response, which in micro-mimic
shows itself as joy or happiness. Therefore, e.g., in advertisement No. 2, we see how joy and sadness
develop very similarly. Touching is not a negative emotion but carries elements of both sadness and
joy. It is stimuli that evoke a complex emotional response that has great potential to appeal to the
consumer or change consumer behaviour.

When we compare the simple conscious ratings of ads "liked/disliked" with ratings on semantic
differential scales and biometric data, we see more minor or significant differences. In a simple
evaluation, the consumer states what he thinks, but we must consider that he can provide socially
desirable answers. With semantic differential scales, the consumer evaluates the presented
advertisements using adjectives that often have an unconscious subjective meaning for him. Based on
such evaluations, we get broader information about the consumer's feelings. For example, when he
states that he did not like the video but simultaneously states on the SD scale that he sees the video
as funny but unfavourable, we can assume that it did appeal to him on some level after all. If we add
facial biometrics to the conscious evaluations, we get a comprehensive picture of the emotions that
the presented stimuli evoked.

4, Conclusion and Discussion

The subject of the research was social advertising as a potential tool for influencing consumer
behaviour in the context of food waste.

We make countless decisions every day, many without being fully aware. Such decisions often include
whether or not to throw away food. We often treat food as an unlimited resource. A significant
environmental problem has arisen from developed countries' abundance (an excess) and our attitude.
Today, it is essential to educate in this area and to constantly draw attention to the fact that throwing
away food and wasting it represents a significant environmental and ethical problem. Therefore, the
paper aimed to provide an image of the issue of food waste and to find out which emotional stimuli in
social advertising most influence consumer behaviour in the context of food waste.

We found that Slovak consumers do not consider food waste a serious problem and do not realize that
households and individuals, i.e., the consumers themselves, are, to the greatest extent, responsible
for food waste. We believe that the country's overall approach to environmental issues is responsible
for the lack of awareness of the issue. We need to involve environmental education in schools to
a much greater extent; we need to provide students with new scientific knowledge and teach them to
think critically (minzp.sk, 2020). We also need more social communication tools for food waste and
consumer education. There are several initiatives in Slovakia, but their activities are mainly invisible to
the average consumer.

The findings of many authors, e.g., Bagozzi and Gopinath (1999), Passyn and Sujan (2006), Phelps et al.
(2014), Achar et al. (2016), Janssen (2018), Svétlik and Bulanda (2019) show that emotional stimuli
largely influence consumer behaviour and decision-making. The evoked emotions subsequently
influence the ongoing cognitive processes, thus, also the consumers' decision-making processes.
Decision-making is also an emotional process. Selected studies also indicate that conscious consumer
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reactions differ from unconscious ones, so we can assume that many evaluations and decision-making
processes occur on an unconscious or partially unconscious level. Consumers are often unaware of
how they react to specific stimuli and cannot express their feelings in words (Rybanska, 2017).
Therefore, we investigated various dependencies between consumer behaviour and emotional stimuli
in the present study.

We found, like the authors S¢epichin et al. (1992), Lindstrom (2011), and Dannhoferova (2012), that
colours have a significant impact on how the consumer perceives a particular stimulus. Colours have
different popularity among consumers; each consumer has specific colours associated with specific
objects and experiences and has a built-up relationship with them. For some foods, we found that
consumers could assign colours to them according to subjective preferences and the popularity of
specific products and brands. We can therefore assume that consumers assigned colours to individual
food categories based on unconscious associations.

We also found that consumers in poor health (have some digestive problems or iliness) throw away
food at a higher rate. We believe that such a consumer is more rational and carefully considers what
he will consume. He is probably more afraid of consuming products nearing their use-by date and is
much less willing to take risks. However, even such a consumer is not resistant to emotional stimuli in
marketing communication if it is focused on a product of interest to him (Vukmirovic, 2015) (e.g., diet
foods, health food products). We reached similar results in the past when we discovered that
consumers who evaluate their health more positively behave more responsibly concerning food waste
(Rybanska et al., 2020). Abdelradi (2018) found that consumers who are more concerned about their
health and a healthy lifestyle produce more food waste.

Respondents who participated in the research evaluated two specific social advertisements containing
emotional stimuli. One was specially created for research purposes, and the other, foreign, was chosen
so that it was not known to consumers. The created social ad contains humour; the goal of the second
social ad is to evoke emotion, pity, and compassion. All listed are strong emotional stimuli influencing
human behaviour (Phelps et al., 2014; Achar et al.,, 2016). For example, humour and laughter
subconsciously trigger positive thoughts and feelings. Negative stimuli, on the contrary, evoke fear,
sadness, feelings of guilt, and other complex emotions, which are likely to influence consumer
reactions (Janssen, 2018).

Based on the obtained results, we can conclude that social advertising that carries a strong emotional
charge (that is, contains emotional stimuli) has a high potential to influence and change consumer
behaviour in the desired way. Ads that evoke multiple emotions

moreover, complex emotions (e.g., guilt, shame, fear, regret, compassion, etc.) are more effective than
ads that only make the consumer laugh, although they evoke positive feelings and emotions.

Food waste is a serious ethical and environmental problem. In our opinion, it is possible to change
consumer behaviour and mitigate its negative impact on society and the environment with
appropriately set social marketing tools.
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Abstract

Dispersed settlement is a residential area that has been preserved in the mountainous and sub-
mountainous regions of Slovakia. In this paper, we will focus on the analysis of food retailing as a
subsystem of the local food system in an environment where residents are socially and geographically
disadvantaged when purchasing food. The aim of the research was to find out the state of the food retail
network, to quantify it through traditional indicators of the sales area, areal and service parameters,
and to visualize the time availability to food stores in the Novobanska stalova region. The retail network
of food stores in this area can be evaluated as very logically distributed. There is at least one grocery
store in every village. The most numerous sales network in the region is the Slovak chain Coop Jednota,
which is represented by up to 20 stores out of a total of 38. In terms of the size of the stores, small shops
with a sales area of 51 to 200 m? predominate. As many as 1038 inhabitants of the studied region live
within walking distance of more than 20 minutes, i.e. at an unfavorable distance to the nearest food, this
represents 4.15%, but up to 52.4% of the inhabitants of settlements (5taly). The biggest problems were
surprisingly evident in the centers of Novd Baita and Zarnovica, where, in addition to some of the
dispersed settlements, their urban areas also found themselves in food deserts.

Keywords: rural economics, food access, food deserts, healthy food, spatial analysis, dispersed
settlements

JEL Classification: R32, R39, R41
1. Introduction

Tolmaci and Tolmaci (2020) refer to the group of all processes and relationships between
people and food taking place in a certain geographical space as a food system. It has three
subsystems — production, distribution and consumer (Sobal et al., 1998, Ericksen 2008; Rutten
et al, 2011, Reid et al, 2012; Marsden and Morley, 2014; Tolmaci and Tolméaci, 2020). Global
population growth, rising incomes and increasing urbanization are putting enormous pressure
on food systems (Quynh Lé., et al. 2015). Food systems all over the world are under enormous
pressure, and that is why they are penetrating even smaller towns and villages.

In Slovakia, there are five main areas with a dispersed form of settlement (Myjavské kopanice,
Novobanska stalova region, Detvianska laznicka region, Javornicko-Beskydské kopaniciarska
region and the region of kopaniciar settlement in Strdzovské vrchy (ValaSsko-belianska region).
These scattered settlements were created after three waves of migration from the 12th to the
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17th century during the period of German, Wallachian, Horal and Kopaniciar colonization
(Dubcova et al. 2008). Today, they create a marginalized territory in a cultural landscape with
a specific environment with disturbed functional and spatial relations, which result from the
uneven functioning of mutually conditioned political, economic, social, cultural and
environmental factors (Szczyrba et al., 2013; Ira, 2019; Vaishar and Stastna, 2019). The access
to public amenities such as schools, hospitals, municipal and state offices and shops are another
challenge faced by people living in scattered settlements, including the access to food. Living
in a dispersed settlement, its isolation also brings advantages, which was significantly
manifested in the previous covid period (Vaishar and Stastna, 2021). With the change of life in
these territories, there is also a change in the procurement of food. The majority of the
population procures food of the broadest nature in retail establishments through self-supply.
Food self-sufficiency in the shortest food chain is represented by the movement from the garden
to the house. It is characteristic of the post-socialist countries of Central and Eastern Europe,
and especially Slovakia, where the so-called concept of silent sustainability is developed.
According to Krizan et al., (2020, p. 77), grocery stores are essential service facilities of rural
municipalities. In connection with the ongoing globalization processes and the entry of
multinational chains into the Slovak market after the year 2000, there were also organizational
changes in the countryside, the allocation of investment funds (also to small towns and large
municipalities) in the form of large-scale retail formats such as supermarkets (Krizan et al. .,
2020). In many rural locations, not only as a result of the decrease in the number of inhabitants
and especially the existence of supermarkets in the towns, but also in villages, food stores have
disappeared. The goal of our research is the analysis of the conditions of the food consumer
subsystem in the dispersed settlement of Novobanska Stalova area.

2. Data and Methods

The basic methods of geospatial analyses include the field research. It was implemented in the
subject area in the months of June and July 2021. In addition to the exact location of food stores,
we determined the sales area in m? as part of the data collection matrix, from which standard
indicators of retail equipment can be calculated, specifically PAFS, i.e. area parameter
(Population to the Admissible Floor Space, abbreviated as PAFS). It expresses the size of the
sales area in m? per 1000 inhabitants. In accordance with the methodology of TremboSova
(2010), we divided the PAFS levels into four hierarchical levels: local, city, regional and supra-
regional level. The second indicator is the service parameter of retail facilities, calculated as the
ratio of the number of inhabitants per 1 store.

In order to gain the geo-spatial visualizing access to food stores, it was necessary to proceed in
four logical steps described in the article TremboSova and Jakab (2021). The spatial data in the
table containing the addresses of food stores has been geocoded into the point vector layer via
the MMQGIS plugin in QGIS software (www.qgis.com). MMQGIS is a set of Python plugins
for manipulating vector map layers in Quantum GIS: CSV input/output/join, geocoding,
geometry conversion, buffering, hub analysis, simplification, column modification and simple
animation. We have used a Geocodes CSV with Web Service tool to geocode addresses to
a point output file (Minn, 2021). Grass GIS 7.8.0 (Grass) was used to calculate the density of
food stores. With this method (Moore, 2008 and Guagliardo, 2004) each food shop is
represented on a map surface by a cone (kernel), centred on the food store location. The radius
of the cone base was set at 1,666 m and represents the distance a person walks in 20 minutes at
an average speed of 4 km/h. The Gaussian kernel method Wisnievski (2016), Goliszek (2017)
and Golizsek and Polom (2020) allocates the capacity of food stores to the cell underlying the
cone in such a way that cells near the cone centre receive higher values of service capacity
(i.e. accessibility), and those near the periphery of the cone receive very little. For the purpose
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of identifying the food desert, the resulting values were reclassified into two parts: walking
availability within 20 minutes and walking availability over 20 minutes (at 4 km/h). There is
no agreement in terms of the border of the food desert, but distances of around 1000 metres
(approximately a 12-minute walk for an adult in a city — a walking speed of 5 km/h) are common
e.g. (Inagami et al., 2006, Russel and Heidkapm, 2011) and (Cushon et al., 2013 and Apparicio
et al. 2008). The border of the food desert was defined by accessibility exceeding 15 minutes
(distance of 1000 meters at a walking speed of 4 km/h).

3. Results and Discussion

3.1 Study site

The settlements of Novobanska §talova area together do not form one interconnected functional
territory. The area covers three regions of Nitra, Bansk4 Bystrica and Trenc¢in (Figure 1).
According to the districts, we can therefore divide them into three parts, which are well
connected by transport, but their main transport corridors lead to the relevant district town, in
the area covered by the towns of Zlaté Moravce, Partizanske and Zarnovica. Physical and
geographical obstacles are also responsible for this division of the region. The village of
Jedl'ové Kostolany (Zlaté Moravce district) separates the Pohronsky Inovec massif from the
rest of the settlements. The same applies to the villages of Radobica, Cerefiany, Oslany and
Horna Ves (Partizanske district). These villages are cut off from other settlements by the high
ridge of the Vtacnik mountain range. We can observe a single functional region only around
the town of Nova Batia, which administratively belongs to the district of Zarnovica: the town
of Zarnovica and the villages of Velka Lehota, Mala Lehota, Horné Hamre, Zupkov, Hrabicov,
Pila, Velké Pole.

Figure 1: Study area. Figure 2: Food localization in 2021.
Source: authors

[_] Municipalities borders

Trenéiansky
kraj

Nitriansky
kraj

1. Jedl'ové KostoPany 5. Zupkov 9. Radobica
2. Velka Lehota 6. Horné Hamre 10. Horna Ves
3. Mali Lehota 7. Hrabitov 11, Oslany

4. Pila 8. Velké Pole 12. Cereftany
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Disintegrated settlements were created in rugged terrain from 200 m up to 800 m above sea
level in volcanic mountains with low-fertile soils, and therefore pastoralism prevailed here over
the cultivation of agricultural crops. The scattered residences are called “Stale” here, which is
of German origin and proves that they were founded by Germans as well as Slovaks. They were
originally inhabited by miners, coal miners, glass workers, woodcutters and shepherds, later,
predominantly agricultural population. Today, many houses on “Stale” are becoming important
weekend residences for city dwellers.

3.2 Quantifying retail network in Novobanska Stilova area

In the Novobanska Stadlova area, most of the villages have a formed core where activities
accumulate, except for the villages of Zupkov and Hrabi¢ov. And it is in the cores that the
majority of food stores are concentrated. On the basis of field research, 38 food stores were
operating in the Novobanska Stalova area. Of this number, 18 stores were located in the cities
and 20 stores in 12 villages in the Stal region. There is at least one grocery store in every
municipality (Figure 2). The dominant position among them is held by the Slovak chain of
Coop Jednota (12 stores). The chain of Fresh stores (headquarters of the KoSice company) is
represented by two stores in the villages of Jedl'ové Kostol'any and Mala Lehota, and the retail
chain Mgj obchod (headquarters of the Nemecko company) is represented by only one store in
the village of Velka Lehota. The remaining five grocery stores belong to local vendors, namely
Vedierka in the village of Zupkov, Potraviny u Dany in the village of Radobica, Farmarsky
obchod in the village of Oslany, a grocery store in Velka Lehota and the Jadezit store in the
village of Hrabi¢ov. Larger villages with more than 1000 inhabitants, such as Oslany, Cerefiany
and Velka Lehota, there are up to 5 stores. In the towns of Nova Bafa and Zarnovica, the
representation of food stores is more numerous and of a wider range. Nova Baia has 10 stores,
including 1 Lidl supermarket, and Zarnovica has 8 stores, including 2 supermarkets - Billa and
Tesco. The village of Pila has the largest food sales area (1,250) in m? per 1,000 inhabitants
(PAFS). Together with the town of Zarnovica (678) and the village of Mala Lehota (905), they
have a supra-regional level of food infrastructure. The town of Nova Bana (579) and the village
of Zupkov (514) ensure the regional level of the food area. We evaluated Jedl'ové Kostolany,
Radobica and Hrabi¢ov as municipalities with urban food facilities, and the remaining 6
municipalities reach the local level according to PAFS. There was not shown any dependence
between the population and the sales area, calculated on the basis of their correlation.

Similarly, there was no dependence on another indicator of the retail network's amenities — the
service parameter, which expresses the number of residents per store. According to the values
of the level of service, the municipalities acquire a level from extremely low (601% and more),
to very low (451 — 600%), low (301 — 450%), average (151 — 300%) to high (150 % and less).
The municipalities of Ceretiany (1730%), Horna Ves (1457%), Oslany (1187%) and Horné
Hamre (665%) have the lowest service level. It is interesting that this category also includes the
towns of Nova Bana (730%) and Zarnovica (878%), which belong to the smaller towns in
Slovakia (up to 10,000 inhabitants). They are not characterized by a high population
concentration, which is limited by the natural and economic conditions of the territory and,
consequently, by the low purchasing power of the population. The category with an average
serviceability includes the municipalities of Mala Lehota (276%) and Hrabicov (287%). Only
the smallest municipality of the Pila region (128%), which has only one store, which is used by
a very small number of residents, has a high level of service.
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3.3 Geospatial surveys

Spatial localization of food stores in the Novobanska §tdlova area is concentrated in the cores
of the municipalities. The majority of their residents are now motorized. When going to work,
they use stores in the towns or in the core to buy food. This creates a strong orientation towards
the motorized customer. The dispersed settlements are at different distances from the core. The
distance/availability of grocery stores of 20 minutes walking was taken as the threshold value.
According to the results of the interpolation, difficult accessibility to food stores occurs in 13
municipalities, except for Hrabicov. In these villages, the area where food is more than 20
minutes away mainly includes their dispersed areas. Difficult availability of food was identified
in 48 permanently inhabited settlements, where 1038 inhabitants live, which represents 4.15%
of the population of the entire area and up to 52.4% of the population permanently inhabiting
dispersed settlements (Table 1, Fig. 3).

Table 1: Basic characteristics of the municipalities of the Novobanska Stialova region as of 31

December 2021
Title A B C D E F G H 1
Nova Bana 7299 31 5955 1344 10 579 254 3.48 18.9
Zarnovica 6150 5 6033 117 8 678 531 8.63 100
Jedl'ové Kostolany 896 11 851 45 2 489 17 1.89  37.78
Velka Lehota 1089 8 1051 38 3 389 18 1.65 47.37
Mala Lehota 828 16 759 69 3 905 8 0.97 11.59
Velké Pole 430 7 402 28 1 256 19 442  67.86
Pila 128 9 101 27 1 1250 13 10.16  48.15
Oslany 2375 1 2311 64 2 356 64 2.69 100
Horna Ves 1457 8 1407 50 1 283 24 1.65 48
Radobica 531 11 489 42 1 314 24 452 57.14
Horné Hamre 665 11 618 47 1 325 29 4.36 61.7
Zupkov 871 8 840 31 2 514 11 1.26 3548
Hrabicov 574 8 521 53 2 436 0 0 0
Cerefiany 1730 2 1704 26 1 355 26 1.5 100
Summary 25023 136 23042 1981 38 1038 4.15 52.4

A - Population, B - Number of permanently inhabited dispersed settlements, C - Population in the center of the
village,D - Population in settlements, E - Number of food stores, F - PAFS, G - Number of inhabitants living with
limited access to food, H - Share of inhabitants with access to food over 20 min. of the total number in %, I - Share
of residents with accessibility over 20 min. to food from the population living in settlements in %

Source: Internal documents of municipal/city offices, 2021

All residents of these settlements, except for two villages of Oslany and Cerefiany, are over the
limit. A high level of difficult accessibility to food stores is also shown by residents of the areas
belonging to the municipalities of Velké Pole (67.86%), Horné Hamre (61.7%), Radobica
(57.18%), Pila (48.15%) and Velka Lehota (47.37%). However, we also found poor
accessibility in the towns themselves. For example in Zarnovica (in the district town), 8.63%
of the population and up to 100% of the population in its dispersed settlements suffer from
difficult access to food stores.
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Figure 3: Accessibility to grocery stores on foot. Source: QGIS 3.18.3

Variety time accessibility (min)
[ <5 min

I 5-10 min

1 10-15 min

[ 15-20 min

B 20 min < (food deserts)
[ Municipalities borders

01 2 3 4 S5km

1. Novi Bafta 6, Pila 11. Radobica
2. Lurnlf\'u‘? 7. Mala Lehota 12. Horni Ves
3. Horné Himre 8, Velki Lehota 13. Oslany

4. Hrabitov 9. Jedl'ové kostol'any 14, Cereian .
5. f.upkm‘ 10. Velké Pole = 4. COl’lClllSlOIl

The relief of mountainous and foothill areas creates the conditions for the emergence of
dispersed settlements. The distance between the individual settlements makes it difficult for the
inhabitants to access services such as the accessibility of retail food, which are located in every
core of the settlement. The cores fulfill the most diverse functions for the inhabitants of the
municipalities. Today, many settlements change their original agricultural function to become
weekend residences for the urban population, who come with food bought in the towns. The
availability of food is currently a very relevant topic. In many rural locations, due to the
emigration of the population and the influence of foreign chains in the cities, food stores are
disappearing. In the last two years, during the Covid-19 pandemic, people's movement was
often restricted, so they were forced to buy food only in nearby stores. There are 48 permanently
inhabited settlements (35%) within a time accessibility of more than 20 minutes to the nearest
food where 1038 inhabitants live, i.e. up to 52.4% of the population of dispersed areas. The
biggest problems were also seen in the towns of Nova Batia and Zarnovica, where, in addition
to some dispersed areas, their urban districts also found themselves in food deserts. We can
evaluate the retail network of food stores in the Novobanska Stalova region as very logically
distributed in the centers of villages, with at least one food store located in each village. The
most numerous sales network in the region is the Slovak chain of Coop Jednota. It represents
up to 20 stores out of a total of 38. In terms of the size of the stores according to the sales area,
small businesses up to 400 m? predominate. This is due to the fact that most of the settlements
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in the region are small villages, where large-scale stores do not have enough customers to make
a living.

According to Guy and David (2004, p. 223), the main features characterizing limited access to
food in relation to residents can be considered: 1) residents are physically disadvantaged in terms
of mobility and accessibility, ii) they are also economically disadvantaged because they
generally achieve lower incomes, iii) these facts lead to unfavorable nutrition/meals, they
usually eat cheaper, iv) they are spatially disadvantaged due to the insufficient selection of food
stores in their surroundings and v) local (small-scale) stores have a more limited selection of
food and at higher prices than large-scale stores. In this context, we can consider local food
systems in the sparsely populated areas of Slovakia as "ideal areas" for the occurrence of areas
with limited access to food, also referred to in the literature as food deserts.
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