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MODERN TECHNOLOGICAL TRENDS
IN THE FOOD INDUSTRY
- AN OPPORTUNITY TO PROTECT
AGAINST THE SPREAD OF COVID 19

Abstract

Modern farms operate and agricultural
operations take place far differently than those
few decades ago, primarily due to the
progress of technology, which includes smart
technologies,  sensors,  machines  and
information technology. In a time of a
COVID-19 pandemic, food is the second
priority with the paramount importance after
taking medications; therefore, agricultural
practices and food processing must be
effective for the smooth functioning of the
food supply chain. The restrictiveness in
outdoor activities and the

Introduction

The COVID-19 pandemic is rapidly
following the transformation of technology

cause a lack of manpower and input material,
which directly affects the activities in the food
supply chain. The purpose of this paper is to
better understand the impact of the COVID-
19 pandemic on the food supply chain and to
discuss new technological trends that are
being applied in food production in order to
ensure the optimal functioning of the food
supply chain during the existing COVID-19
pandemic.

Keywords: COVID-19, food supply chain,
smart technology, technology trends

trends in food production. Border closures,
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drivers and means of transport, and
restrictions on the movement outside homes
pose immediate challenges for the highly
globalized food sector, and therefore for the
food supply chain. In addition, the current
state and relationship between food and
human health further points out the urgency
of a broader review of the global food system
- and its implementation in the future, because
the pandemic still lasts. The good news is that
there are already many ways of technological
production that the food industry uses.

Same as the rapid changes that take place
in  many economic sectors, agronomy
technologies change faster today than at any
time since the first agricultural revolution,
when in approximately 10.000 B.C. the
Neolithic human cultures switched from
hunter-gatherer ~ societies to  populated
communities. As the challenges in regard to
the sustainability of the modern industrial
food system become greater, the number of
innovations is growing in order to meet new
opportunities and transform human food
systems in new ways.

Modern farms operate and agricultural
operations take place far differently than those
few decades ago, primarily due to the
progress of technology, which includes smart
technologies,  sensors,  machines  and
information technology. Today’s agriculture
routinely uses sophisticated technologies such
as temperature and humidity sensors and GPS

Food supply chain

The food supply chain refers to all the
processes that describe how farm food ends
up on our tables, including agriculture,
processing, distribution, sales, and
consumption (Siche, 2020). The food supply
chain can be divided into two sectors, that is,

technology. Such advanced technology and
precision farming enable business entities to
be more profitable, more efficient, safer and
more environmentally friendly.

The COVID-19 pandemic affects the entire
food system. The consequences are obvious in
all elements of the food system, from primary
procurement to processing, trade, as well as
national and international logistics systems, to
medium-term demand and final demand. The
effects of the coronavirus are also felt in the
markets, namely the labor and capital markets,
and the intermediate inputs of production (FAO,
2020). Restrictiveness in outdoor activities,
restrictiveness in transport and travel also cause
a shortage of manpower and input material,
which directly affects the activities in the food
supply chain. Fresh products that are ready for
harvest cannot reach market destinations,
causing them to spoil on farms, which
consequently results in temporary supply and
long-term food shortages globally. Therefore, it
IS necessary to take appropriate measures for the
smooth functioning of the food supply chains,
by using different technologies to overcome the
emerging challenges. This paper is designed to
help better understand the impact of the
COVID-19 pandemic on the food supply chain
and to discuss new technological trends that are
being applied to food production in order to
ensure the optimal functioning of the food
supply chain during the existing COVID-19
pandemic.

supply and demand: the supply sector
includes agriculture, harvesting, processing
and distribution, while the demand sector
includes customers, where the influential
factors include the economy as well as abiotic

Ocma Med2ynapodHa HayyHa koHghepenyuja - I/IOBAJ/IHH TPEH/JOBH - 2021
Eight International scientific conference - GLOBAL WORLD TRENDS IN 2021

30



MakedoHcko me2yHapodHo HayyHo chucaHue , MAPKETHHI“ Bp.13

Macedonian

international Journal of “MARKETING” No. 13

and biotic conditions such as drought, floods,

environmental disturbances and

similar to COVID-109.
a pandemic

Food supply chain

Agriculture -> Processing -> Distribution -> Sales -> Consumption

Processing — Transport, Input parameters, Workers

Distribution — Workers, Transport

Production - Transport, Input parameters, Workers
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Consumer
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Figure 1.

upply chain; B) Various components and sub-components in the
food supply chain network

Impact of the COVID-19 pandemic on transport

Transport is one of the main components that
drives the food supply chain. Various modes of
transport are available, including rail transport,
ocean transport, truck transport, and home
delivery.

Large ocean freight vehicles are equipped
with small crews that are isolated from land
populations while at sea. These crews became
even more isolated with the new port arrival
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restrictions due to fears for the spread of rates) declined by 80% in 6 months, from the
COVID-19. With the reduced demand for recent peak of 2.500 points in September
non-agricultural traffic, there is an abundance 2019 to a record low level with an index of

of ocean freight capacity. As shown in Graph 450 points at the beginning of February 2020.
1 below, the Baltic Dry Index (ocean freight
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Graph 1.

Monthly open values of the Baltic Dry Index, from April 2017 to April 2021.3

3 https://tradingeconomics.com/commodity/baltic
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Impact of the COVID-19 pandemic on the supply of input parameters in

agriculture

Agricultural input parameters include
seeds, fertilizer and agro-chemicals, vaccines,
medicines and cleaning chemicals. For the
food processing industries, other ingredients,
packaging materials, fuel, cleaning materials
and additives, are vital input parameters.

During the COVID-19 pandemic, transport
constraints, industry closures, and border
closures, directly affect the stocks of
agricultural input parameters. (Aday & Aday,
2020).

Technology trends aimed at reducing the impact of COVID-19 on the food

supply chain

Food is the second priority with the
paramount importance after  taking
medications during the COVID-19 pandemic.
Therefore, food availability and accessibility
are the main issues raised due to the imposed
restrictive protocols (de Paulo Farias & dos
Santos Gomes, 2020). The World Health
Organization, the US Department of
Agriculture, the US Centers for Disease
Control and Prevention, and the European
Food Safety Authority have ruled out the
possibility of transmitting the coronavirus
through food and packaging, probably due to
the instability of the virus on heat (<70°C)
and the instability of the virus in outdoor
environments (Mahmoud, 2020). However,
the origin of the pandemic from the market in
Wuhan, China and the pandemic from the
Xinfadi Market in Beijing have raised the
question of whether food, especially meat
products, could be potential carriers of the
virus (MailOnline, 2020). In the meantime,
two more epidemics have been reported - at a
meat processing plant in Germany (Arens,

Intelligent packaging technology

Modified atmosphere packaging and active
packaging are widely applied in order to
increase the shelf life of fresh food (Qiu et al.,

2020) and at seafood processing plants in
China (Tencentnews, 2020). In addition, the
detection of this virus on the packages and the
internal wall of containers with frozen
shrimps (NetEase, 2020) and the positive test
for viruses in frozen chicken wings (Pei,
2020) show that the virus can survive longer
in cold conditions.

This section contains a detailed discussion
regarding the processing of food by means of
new and smart technologies in order to avoid
human contact with food to the maximum
level possible, while preserving food quality.
The goal is to replace human effort with these
smart technologies so that tasks can be
accomplished with minimum human contact.
The next section is a compilation of the
technologies that are available so far, which
are becoming the leading technological trends
in agriculture in a time of the COVID-19
pandemic.

2019). During the COVID-19 pandemic,
modified atmosphere packaging has become
an increasingly active technological trend
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aimed at making food safe for use and
keeping it fresh for longer transport delays
caused by border closures and full national
lockdowns. The technology consists of
modifying the composition of the gas in the
package in order to extend the shelf life
through limited metabolic, microbiological
and enzymatic activities (Rennie & Sunjka,
2017).

The gas composition in the package is
modified and maintained by introducing
defined composite gas (Badillo & Segura-
Ponce, 2020). In some cases, the respiration
rate of fresh products within MAP is so high
that the permeability of the material is

insufficient to transport CO2 and O2, causing
an anaerobic environment for anaerobic food
spoilage (Larsen & Liland, 2013). Perforated
packaging is designed for such effects with
the appropriate number and size (Kartal et al.,
2012; Ozdemir et al., 2005). Different types
of food products can be packaged in a
modified atmosphere packaging: meat and
meat products, fish and seafood, bread and
bakery products, milk and dairy products,
fruits and vegetables, etc. (Taseska et al.,
2015). The use of MAP to extend the shelf
life of different products with storage
temperature and gas composition is indicated
in Table 1.

Table 1.
Modified atmosphere packaging.
Food Shelf Tempermature (°C) References
products ife gas composition
Boiled ham == 7 °C/7%eN2: YLCO2= | Raimond etal.
45:55 to 8SO:20 2019)
Fig 15 5 °C/5% O2, 10756 Waghmare and
CO2, 85% IN2 Innapure (2018)
S trawberry 10 4 °C/2.5% O2 +10% Zhang etal.
cOo2 2006)
Blueberry 35 5 °C/40—-1002: O2 Zheng etal.
(2008)
Brocculi 35 313 Tano etal. (2007)
/Y02 YLCO2 = 3:8,
b and 5: 10 (balanced
with N2)
Asparagus 20 2°C/10KkPaO2 +5 |Anetal (2006)
kKPa CO2
Pork meat s 4 °C/'5-559.02and Zhang and
025 CO2 (balanced bhrestha (2005)
with N2)
ICalf muscle 15 4 *C/0-80% O2+ Zakrys et al.
0% CO2 (balanced (2008)
with IND)
Salmon 142 4 *C/'60% CO2 + Pettersen et al.
40% 102 (2011)
Buffalo meat | 15 4 °C/80% O2 +20% Sekar etal.
cOo2 (2006)
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The greatest advancement in modified
atmosphere  food  packaging is the
incorporation of intelligent technology, where
the use of indicators detects chemical changes
as a result of the growth of microbes. These
indicators include smart labels, sensors, radio
frequency identification tags, time
temperature integrator (TTI), safety tags, etc.
(Zhang et al., 2015). In addition, the

Smart monitoring technology

The use of smart monitoring technologies
in food processing without the direct
involvement of human resources is a major
need during the COVID-19 pandemic.
Temperature monitoring is of utmost
importance because quality degradation
mostly depends on the following factors:
temperature exposure, storage time, gas
constant, and activation energy (Labuza et al.,
2003). Relative humidity is another parameter
that determines the freshness of food
products. To this end, a relative humidity
monitoring system has been tested in a

development of packaging materials with
anti-SARS-CoV-2 properties, with
nanoparticles of copper, zinc and silver that
contain polymers (Sporetlli et al., 2020), is an
interesting area of development because, as
indicated, they proved to be effective against
hepatitis A virus and human norovirus in the
past (Randazzo et al., 2018).

package by using an autofocus sensor, where
data is transmitted via radio transmission
(Hubert & Lang, 2012).

To monitor the concentration of O2 and
CO2 in a package, an intelligent system for
monitoring and control with sensors has been
developed, connected to an analog digital
converter for receiving data, where control is
performed by a microcomputer with a single
chip, using fuzzy logic (Liu et al ., 2005)

The future of technological challenges for food processing

In fact, food problems that were already on
the radar because of their social and
environmental impact, are now due to
COVID-19, fully exposed to public attention.
It has become more urgent than ever for the
society to reconsider the future of food. We
must all work towards a future where there is
enough food for our growing global
population and where production and
consumption comply with the planetary
boundaries and waste is minimized. In the

transformation, every company in the food
value chain, from suppliers, to farmers, to
processors, to traders and restaurants, faces
new challenges, but also new opportunities.

The key to overcoming current and future
challenges while utilizing opportunities lies in
the rapid adoption of new technologies for
food processing, digitalization and
ecosystems. We can identify four mega trends
that shape the future of food. Companies that
recognize and respond to these trends will
remain successful and will be part of the
solution. Many inspiring initiatives are
already underway.
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Personalized nutrition

Consumers are looking for food products
that suit their particular lifestyle and life
stage. In response, companies are focusing on
alternative proteins for meat substitutes.
Furthermore, they produce special products
adjusted to the nutritional needs of children,
elderly people and athletes. Personalized
nutrition accelerates the convergence between
food, technology and analyses.

COVID-19 affects personalized nutrition
because the pandemic affects people with pre-

existing health conditions, such as diabetes
and obesity. Instead of treating these people
once they get sick, prevention is possible by
improving their health through optimization
of their personal diet. This can cause a
structural change in consumption, and we
should not underestimate the fundamental
change in behavior and the support platform
that is required in order to retain new eating
habits.

Responsible production and waste reduction

The question that companies face is: how
do we produce and supply safe and healthy
food in a way that does not deplete our
planet’s resources and does not pollute the
environment? An example is the approach:
climate-smart agriculture (Diederik van der
Hoeven). This approach addresses the
challenges of food security and climate
change with a focus on soil health,
biodiversity and soil and water conservation.
The ultimate goal is to achieve carbon
neutrality and to find ways to reduce the
amount of food and waste lost, which
currently amounts to one third of the total
production.

Food industry 4.0

This megatrend refers to the digitization of
the entire food value chain. New digital
technologies - artificial intelligence, smart
data, robotization and precision farming - are
being presented to companies with
opportunities to increase their productivity

Less waste means feeding more people
with the same amounts of production and
resources (David Yaffe-Bellany and Michael
Corkery). Many initiatives are aimed at
minimizing losses and waste and converting
electricity used in waste technologies. In
countries with full lockdown, waste is
currently at the highest level due to the fact
that restaurants, hotels and schools are closed,
forcing many agricultural holdings to destroy
tons of fresh goods that they can no longer
sell.

and reduce costs (Susie Cagle). Global
biotechnology companies are supported to
define and implement digital agriculture.
Digital agriculture is a combination of digital
technology tools - data collection, data
storage and management, decision analysis
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and modeling - working together to unlock
the potential of agriculture.

For example, in conditions of the COVID-
19 pandemic, the United Arab Emirates are
making efforts to transform food production,
where 80% of the food is imported (Adele
Peters). They are investing in a new indoor
farm that will soon grow tomatoes only under
artificial LED lights in the warehouse.

Ecosystem orchestration

To truly change the status quo condition and
achieve maximum impact, what we need is a
smooth and orchestrated food ecosystem. In
addition to all aspects of the food value chain,
the ecosystem involves several other
stakeholders, such as governments, NGOs, the
health sector, universities and the financial
sector. Assembling this diverse range of
parties and their  approximation to
communicate and collaborate is a challenge in

Conclusion

Although it has been said that food will
unlikely be a medium for the virus
transmission, the subsequent outbreak of an
epidemic in a market in Beijing when 329
people were infected (MailOnline, 2020) and
the recent detection of the virus on the inner
wall in a frozen shrimp packing in China
(NetEase, 2020), have forced us to consider
the technological readiness to use these smart
technologies, which avoid human-to-human
and human-to-food contact throughout the
entire food chain.

Therefore, the technological means to prevent
the spread of this virus and the technological
readiness for the smooth implementation of
food processing activities require the most

itself, but the dividends of such collaboration
are enormous. Deloitte has supported the
formation of an ecosystem game that connects
stakeholders downstream (farmers) and
downstream (restaurant businesses) in order
to launch an innovative digital platform
designed to track and optimize agricultural

production  performances  across  the
economic, social and  environmental
dimensions.

COVID-19 provides a momentum for
cooperation with the food ecosystem, since
the pandemic results in food shortages, higher
food prices and an inability to meet consumer
demand from certain consumer segments such
as the elderly people and hospital staff. An
illustration of this collaboration in the
ecosystem is the one where competing food
traders work together to deliver shopping
services to hospital employees or fast-food
restaurant employees, temporary employees
of food traders (Laure Barillon, Altavia Nativ
& Thierry Stricker).

technological innovations at the moment.
Food is the second priority with the
paramount importance after taking medication
during the COVID-19 pandemic; therefore,
agricultural practices and food processing
must be effective for the smooth functioning
of the food supply chain.

The food sector is the most labor intensive,
and human-to-human contact is inevitable
unless smart technologies are established.
Food processing activities need to be
mechanized and automated by using new
smart technologies so that direct human
involvement is least applied. The technologies
that are mentioned in this paper are the latest
smart technologies that can be implemented to
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intervene in the impact of the COVID-19

pandemic on

food processing, which
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