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ARTICLE INFO ABSTRACT

Keywords: Background: COVID-19 pandemic has caused a global lockdown that has abruptly shut down core businesses and
SARS-CoV-2 caused a worldwide recession. The forecast for a smooth transition for the agri-food and drink industry is, at best,
COVID-19

alarming. Given that COVID-19 shutdown multiple core services (such as aviation, food services, supply chains,
and export and import markets), there is an enormous deficiency in critical information to inform priority de-
cision making for companies where this uncertainly is likely to impact negatively upon recovery.

Scope and approach: The current article investigates potential innovations within the era of the COVID-19 crisis
after framing them within the four issues of the food sector (food safety, bioactive food compounds, food se-
curity, and sustainability) that are directly affected by the pandemic. The prospect of foreseen innovations to
disrupt the food sector during lockdown periods and the post-COVID-19 era is also discussed.

Key findings and conclusions: Internet and Communication Technologies, blockchain in the food supply chain and
other Industry 4.0 applications, as well as approaches that redefine the way we consume food (e.g., lab-grown
meat, plant-based alternatives of meat, and valorization of a vast range of bioresources), are the innovations
with the highest potential in the new era. There is also an equally pressing need to exploit social marketing to
understand attitudes, perceptions, and barriers that influence the behavior change of consumers and the agri-
food industry. Subsequently, this change will contribute to adapting to new norms forged by the COVID-19
pandemic, where there is a significant gap in knowledge for decision making.

Food innovation
Lockdown transitioning
Disruptions
Sustainability

2020). We are also on the verge of a significant global recession (Guan
et al., 2020), lacking critical information for recovery. The role of

1. Introduction

The COVID-19 pandemic led to millions of infections and deaths
worldwide, changing dramatically what we perceived as norms and
impacting society, health systems, governmental policies, and busi-
nesses. The food sector is no exception, as the consequences of this
“Black Swan” socio-economic event (Reid et al., 2020) has changed the
way we think, buy and consume food by accelerating pre-existing
innovation trends (Askew, 2020f), marking a “before” and “after”
period. In the short term, the pandemic affected the sector by causing
labor problems (e.g., lack of workers due to illness and quarantine
measures), the shutdown of factories, food shortages on shelves, and
some cases stress of cash flow for the active businesses (Reid et al.,

mapping trends and predicting consumer behavior towards new tech-
nologies, services, and products for transitioning beyond COVID-19 will
be highly beneficial as per approaches described previously by Busse
and Siebert (Busse & Siebert, 2018) and Suanda et al. (Suanda et al.,
2018). On a long term basis, the pandemic affects the whole food sector
into four main domains: food safety, bioactive food ingredients, food
security, and sustainability (Galanakis, 2020).

Overcoming the pandemic’s obstacles will not be achieved through
austerity but by strong leadership, inspiration, and ambition. Even
though vaccination to protect against COVID-19 has begun, the second
pandemic wave has affected many countries. Thus it is impossible to
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exclude the possibility of repeated infection and lockdown waves, as the
pandemic might continue up to the end of 2021, establishing further
uncertainty to the food sector (Rowan & Laffey, 2020).

Subsequently, the pandemic’s most significant impact may be from
the changes induced during the following recovery period (Askew,
2020f). Today, it is uncertain with any degree of confidence what spe-
cific impact the global recession will have on the economy, as it relates
to particular opportunities and needs encountered by emerging tech-
nologies in the food sector.

Through a long reflective lens, lessons have been learned from pre-
vious catastrophic global events, such as the Spanish Flu or Black Death,
where inspiration has led to paradigm shifts in disruptive technologies.
Subsequently, there is an increasing focus on innovative technologies to
make the food sector sustainable to meet the opportunities arising from
the COVID-19 pandemic (Munekata et al., 2020). The current perspec-
tive article explores relevant innovations within the era of the COVID-19
pandemic and post-lockdown era. The foreseen innovations are framed
as two more dimensions within the boundaries of the four domains
above (Fig. 1) before discussing their prospects of being implemented
during expected lockdown periods and eventually to disrupt the food
sector after the end of the pandemic crisis.

1.1. Implications of the pandemic in the food sector

As a ‘Black Swan’ socio-economic event occurring extremely rarely,
the COVID-19 pandemic resulted in catastrophic consequences. In this
kind of crisis, companies would not have predicted and planned
accordingly (Reid et al., 2020). Food and food supply chain safety was
the first emergent issue under consideration, requiring an increasing
number of precautionary measures as long as we move from farm to fork
(Rizou et al., 2020). Sustaining food production through COVID-19
brought challenges, including clustering of cases in agricultural food
production, slaughterhouses, and food processing industries (Ecdc,
2020). . This fact revealed operational issues of the food industry new
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era trying to maintain food supply balanced with social distancing.
Likewise, the unified social solidarity to protect frontline workers from
fighting COVID-19 has resulted in the abrupt mass closure of services
and businesses globally, which has prompted governments to launch
commensurate ‘staggering’ economic recovery packages to support a
beleaguered industry (Govie, 2020; IBEC, 2020). COVID-19 pandemic
has reset the new norm for society, with the frenzy of uncertainty fueling
many companies to scramble to maintain functionality within their
marketplace (Guan et al., 2020). Work practices have changed in terms
of remote operation, including working from home and digital
communication platforms and Internet and Communication Technolo-
gies (ICT) (Del Rio & Malani, 2020). What became evident during this
crisis is that advanced and more digital traceability is a powerful tool in
comprehending the implications of the supply chain in the case of a
public health emerging event (Hahn, 2020).

Over the last year, boosting the immune system was a priority for
consumers. This trend has accelerated within the COVID-19 era, and
consumers’ interest in sustainable, healthy, organic, and functional
foods has been increasing rapidly (Askew, 2020a, 2020d; Galanakis,
2015, 2021; Zinoviadou et al., 2015). Moreover, products that are
considered by consumers to boost their immune system (e.g., camomile,
kombucha) have experienced a 3- to 4-fold increase in sales (Askew,
2020f). A recent survey of 23,000 European shoppers indicated that
72% of consumers would change their eating habits in the
post-lockdown era to follow more healthy patterns (Fmcggurus, 2020).
Following consumers’ needs, food companies are commercializing
products with bioactives, creating a trend towards seeking recognition
of food bioactives as immune-boosting agents (Galanakis et al., 2020)
(Daniells, 2020) that encompass forging more collaborations between
governmental bodies and academic institutions to address this need
(Koe, 2020a, 2020Db).

On the other hand, the pandemic led to an instantaneous lack of
critical information about consumers’ preferences, attitudes, and bot-
tlenecks in the post-lockdown period (Rowan & Laffey, 2020). The

Bioactive
compounds

Innovations
(During lockdowns)

Food
security

The Food Syétems

in the Era of the
COVID-19 Pandemic

Food
safety

Innovations
(Post COVID-19 Era)

Sustainability

Fig. 1. The food systems in the era of the COVID-19 pandemic and the prospect of implementing innovations during lockdowns and post COVID-19 era.
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induced disruptions in the food supply chain have increased the risk for
food fraud, whereas finding convincing evidence about the real health
benefits of nutraceuticals and functional foods became critical. This gap
also highlighted the emerging role of digitization using data analytics
and Artificial Intelligence (AI) to support the real-time needs (e.g.,
remote monitoring and management decision tools) of the food in-
dustry, smart agriculture, supply chain, and food security (Bacco et al.,
2019). Moreover, the proliferation of new technologies helped digitize
the food supply chain and increased traceability systems’ investments to
mitigate risk, improve efficiency, and underpin sustainability initiatives
(Kennedy et al., 2020).

Sectors benefiting from the current challenges of COVID-19 include
companies producing non-perishable foods and processed food com-
panies. For example, panic buying during the lockdown has driven
consumers to develop new habits and taste products that they have not
purchased before, e.g., freeze-dry ready meals. Since consumers have
tasted rehydrated products and compared them with fresh food, it is
expected that the demand for this kind of product will grow over the
next years (Askew, 2020b). Companies are also experiencing a rapid
increase in the need for plant-based ready meals (Askew, 2020e) and
alternative protein sources to meat and dairy products (Foodnavigator,
2019). Direct-to-consumer services have rapidly increased, whereas
many traditional grocery brands try to develop an easy route to market
and become online first brands (Askew, 2020f). The online food trade
has witnessed an explosive increase in demand, whereas there is a
warning for sustainable packaging solutions due to the rapidly increased
need for packaged food. Although the measures needed to ensure food
safety, security, and sustainability converge more than ever before, it is
essential to avoid hazardous and illegal food products reach the market
due to shortages, false claims, or other reasons (e.g., economic). For
example, food recalls due to authenticity concerns are likely to be
reduced (Everstine, 2020). Since the online order of nutraceuticals has
rapidly increased, attention should be given to these products’ adul-
teration and safety (Bullimore, 2020). The second wave of infection that
has already been witnessed worldwide will create additional opportu-
nities for innovators and services such as online retail and deliveries
(Rowan & Laffey, 2020).

2. Innovations and disruptions in the new era

COVID-19 pandemic has accelerated innovation all around the
world. This change has already been seen in places where the virus hit
first (e.g., in China), where large companies such as Huawei have
increased their expenses for research and development activities. There
is also reasoning behind this trend as companies that invested in the
2008 economic crisis (instead of just cutting costs) grew fast during the
recession (Davey, 2020). On the other hand, defining and forecasting
what constitutes a disruptive technology is complicated as the impact is
more likely to be measured from a retrospective downstream perspec-
tive. Since the 1990s, researchers have referred to disruptive technolo-
gies as whirlwind, ground-breaking, game-changing, earth-quake, and
emergent technologies that typically cause a substantial disturbance in
established market structure and prominent companies. This distur-
bance is generated by producing highly efficient products and services
that are more competitively priced, less complicated, and more acces-
sible than established innovations (Christensen, 1997; Christensen &
Bower, 1996; Schuelke-Leech, 2018). Disruptive technologies can sub-
stantially cause localized change within a market or industry (e.g.,
first-order disruption) or cause ground-breaking changes across many
cross-cutting domains (e.g., second-order disruption) over a period that
substantially influences societal norms. The challenges for technological
forecasters and investors are those disruptive technologies are by their
nature nascent — meaning that they can only be proven as disruptive in
hindsight based upon demonstrating evidence-based impact. The un-
certainty arising from COVID-19 will shape future disruptive technolo-
gies that may emerge from entrepreneurs, start-ups, small and
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medium-sized enterprises (SMEs), and larger established companies.
These companies are willing to integrate new solutions at providing
smaller, lighter, more flexible, cheaper, and more convenient products
(Rowan, 2019).

Fig. 2 illustrates the different innovations within the COVID-19
pandemic era and their application’s field(s). The chord diagrams of
Fig. 3 demonstrate the prospect of implementing the foreseen in-
novations in the food sector within the era of the COVID-19 pandemic
and respective applications during lockdown periods and within the
post-COVID-19 era. The chords start from the potential innovations
during the lockdowns and end up in the post-COVID-19 era. The thicker
the chords are, and the higher are the prospects of the new era’s in-
novations. These innovations may be enhanced by adjacent industries
and services dealing with digitization, using meteorological data linked
with climate modeling (Ruiz-Salmon et al., 2020). Overall, it is chal-
lenging to predict the holistic consequences of this COVID-19 pandemic
and at what time point we will emerge from it, and which innovations
and technologies will disrupt the food sector.

2.1. Bioactive compounds

The pandemic generated opportunities and challenges for the
commercialization of innovative functional foods and nutraceuticals
containing target bioactive compounds (e.g., Vitamins and antioxidants)
and highlighted the advances of personalized nutrition to boost con-
sumers’ immune system and improve their overall health (Galanakis
et al., 2020). These prospects are expected to remain high within the
post-lockdown and post-pandemic era due to the increased interest of
health-conscious individuals. Subsequently, companies will seek new
information and knowledge about consumer needs toward these prod-
ucts to address the pandemic’s challenges. Nowadays, the development
of these kinds of products are proposed with the simultaneous valori-
zation of bioresources, e.g., the recovery of high added-value com-
pounds from food waste (Galanakis, 2012, 2018; Galanakis et al., 2018;
Nagarajan et al., 2019; Rosell6-Soto, Barba, et al., 2015; Ruiz-Salmén
et al., 2020; Wong et al., 2015), and the utilization of microalgae and
plant foods (Ananey-Obiri et al., 2018; Bursa¢ Kovacevic et al., 2018;
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Fig. 2. Foreseen innovations and disruptive technologies to tackle challenges of
the four directions affected by the COVID-19 pandemic: food safety, bioactive
compounds, food security, and sustainability.



C.M. Galanakis et al.

1

) 5

8 &

|

2 =

o2
bl o
& & 3
o ®© o 2
<9 B ©
%% 3 3 8
%% 3 2 ¢
Z 3 Z % E

wmprove |
col “sume\'s
Health

Trends in Food Science & Technology 110 (2021) 193-200

o
>
£5 ¢
2o
¥ § ¢
=& s g &
N £ <& o°
& &
§ ‘°
T
V3\3\’
e"‘“\
o
2
\{ Aot
onie®

Q€O es
\“xe‘“e‘:“mw“’e"e
et

t
plantbased M7
alternatives

Personilized Nutrition

Uncts
nChona/ Foog,
th,-a
Ce,
Uticay,
tey,
ey
o,
F l),'"
'8s

L7
C

e o

s
2
o,
% o,
3 ;
& %
Q
%
%,

Fig. 3. The prospect of implementing the foreseen innovations in the food sector within the era of COVID-19 pandemic and respective applications during lockdown

and post-COVID-19 periods.

Galanakis, 2013; Rosello-Soto, Galanakis, et al., 2015). Adjacent ad-
vances will also be made in immune-boosting animal feed products such
as recently reported by Taufek and co-workers (Taufek et al., 2020), who
described the performance of mycelial biomass and exopolysaccharide
from Malaysian edible mushroom Ganoderma lucidum for the fungivore
red hybrid Tilapia (Oreochromis sp.) in Zebrafish embryo. Carballo and
co-workers (Carballo et al., 2019) also reported on the use of p-glucans
from yeast combined with microalgae extracted digest to improve the

health of gut microbiome of high-value fish that prevented bacterial
infection.

2.2. Food safety

On the other hand, innovations such as smart and active packaging,
advanced traceability systems (e.g., using blockchain technology), new
biosecurity arrangements (e.g., promoting a food safety culture in food
processing facilities and farms), the application of biopesticides to
agriculture and industry 4.0 (e.g., blockchain technology) are expected
to grow substantially in the new era. The ultimate goal is to protect
consumers by ensuring the food and food supply chain’s safety and
reduce food loss and the environmental impact of the food sector. These
innovations may lead to new business models that could disrupt the food
supply chain and the market of food products in a techno-socioeconomic
way. By achieving international consensus on datasets, priority should
be given to reliable processing and critical information for clinical trials
(Rowan, 2019) by promoting open access to findings.

For instance, the FDA is planning to release a relevant blueprint
targeting the development of traceable food systems and safer, more
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digital, and more secure food supply (FDA, 2020). Technologies such as
artificial intelligence, blockchain, the Internet of Things (IoT), and
sensor technology would allow the direct tracking of foods and com-
modities from farm to fork. The combination of advanced traceability
systems with modern analytical and smart tools (e.g., remote or virtual
inspections, root cause analyses) would reduce the response in food-
borne outbreaks by using data streams. The latest could make the supply
chain more visible, reducing the time between tracking the contami-
nation origin of food and responding with mitigating actions.

These kinds of technologies would also assist in imbalances caused
by panic buying and spot shortages due to extreme events and help
comprehend the causes of food contamination and interpret predictive
analytics. The latest use data to predict the contamination possibility
and ultimately reduce food loss and waste, e.g., when lockdowns
temporarily disrupt the chain of producers and customers in public
places (e.g., schools and restaurants). New biosecurity arrangements
will help to promote a food safety culture in food processing facilities
and farms. There is also a pressing need for education and social en-
terprise to support the community transitioning to emerging changes
and embrace new approaches for food sustainability and security that
will accelerate consumer acceptance of green innovation.

2.3. Sustainability

With the changing lifestyle and rapid urbanization of the global
population that has been accelerated by behavior changes arising from
COVID-19, there is an increased generation of food waste from various
industrial, agricultural, and household sources (Sharma et al., 2020).
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From price spikes and panic buying to the acceleration of food waste,
sustainability, and other economic implications, the COVID-19 crisis (as
areal exercise) has reminded us that the current food systems are fragile.
Thus, they should become more resilient, ensuring food security in
future crises such as new pandemics and extreme events due to climate
change. Two overarching priorities are to ensure that producers and
processors can continue to operate effectively and keep supply lines
open and that most services can work as effectively as possible during
the pandemic. These are on top of the pressing need to develop inno-
vative means to increase food production to meet growing populations
internationally informed by digital technologies. Priorities also include
the likely consolidation of significant industries with secure packaging
and capacity for research and innovation that will potentially flourish
during and post COVID-19 era, when socio-economic norms have been
reset and countries quickly deploy economic recovery plans.

The dominant linear economy system, which is mainly based on
increasing production to address increased consumption, has proved
inefficient for the sustainable management of our resources (Hetemaki
et al., 2017; Stegmann et al., 2020). On the other hand, the transition of
the current development model to a circular bioeconomy approach
could enhance resilience by converting biomass into various biobased
products (Farcas et al., 2020; Mak et al., 2020). Thus, a more exceptional
drive for innovations in this direction will balance the food supply
chain’s impact on the environment with the emergence of less-energy
intensive, eco-friendly processes, products, and services (O’Neill et al.,
2019). For instance, the traditional approaches for managing food waste
include land-filling and incineration that generate toxic gases, causing
severe environmental and human health hazards. The circular bio-
economy provides opportunities to valorize food waste utilizing bio-
refineries that produce biofuels, electrical energy, biosurfactants,
biofertilizers and so forth (Mordorinelligence, 2020; O’Neill et al., 2019;
Rahmanian et al., 2014). The use of biobased packaging materials and
non-thermal disinfection technologies for packaging, such as pulsed
light (Rowan, 2019), are two examples that could accelerate green
innovation in the new era. Biobased materials have been developed to
mitigate the complications instigated by conventional plastics. The
bioplastic packaging market has been driven by the increasing aware-
ness of traditional plastics’ adverse effects, which has steered both
consumers and regulatory bodies to opt for biobased materials in place
of conventional plastic. The bioplastics packaging market was valued at
USD 14.85 billion in 2019 and is expected to reach USD 39.37 billion by
2025 (Mordorinelligence, 2020).

Seafood and aquaculture sectors of Europe, are encounter also sig-
nificant challenges concerning environmental threats (climate change,
marine debris, resource depletion), social development (worker rights,
consumer’s awareness), or economic growth (market and nonmarket
goods and services, global competitiveness). These issues are pressuring
all stakeholders, from policy-makers to citizens and industries, to adopt
more sustainable policies, practices, and processes. For example, O’Neill
(O’Neill et al., 2020) reported Trout and Perch’s organic fish farm
production on the Irish peatlands using an aquaculture recirculation
system (powered with wind energy) where water quality and waste
remediation are controlled naturally by using indigenous microalgae
and bacteria. Moreover, collaborations among different parties and
beyond borders should be improved, aiming to create more efficient
networks along the seafood and aquaculture sectors’ supply chain. To
achieve this, a “nexus thinking” approach (i.e., the analysis of actions in
connected systems) combined with a life cycle thinking appears like an
excellent opportunity to facilitate the transition to a circular bio-
economy. The emergence of centers of research excellence linked to
enterprise and education with a global orientation that seeks to exploit
added value to products derived from food waste will increasingly come
to the fore. Future research would consider the impact of climate change
on food supply chains, including circular bioeconomy, as recently
demonstrated by O’Neill et al. (O’ Neill et al., 2019), who showed the use
of naturally occurring biological indicators to assess the environmental
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impact of sustainable periods of drought on Irish freshwater
aquaculture.

Besides, aquaculture is an emerging high-protein low carbon emis-
sion process that is of interest globally for intensive food sustainability
(Tahar et al., 2018a, 2018b). The generated opportunities will be met in
part by advances in the digitization of food technologies, innovation in
manufacturing (e.g., emerging non-thermal technologies), and services
for a diversity of markets and commensurate sustaining disruptive
innovation in the adjacent manufacturing and materials sectors.
Although most innovations (e.g., lab-grown aseptic meat, plant-based
meat alternatives, biobased packaging, automation of food production,
and robotics) targeting the sustainability of the food sector are today in a
nascent development stage, they are expected to disrupt the food in-
dustry in the years to come (Galanakis, 2020). Also, exploiting advanced
manufacturing (such as digitization, big data, ICT, blockchain, artificial
intelligence, non-thermal technologies, robotics, augment and virtual
reality, and 3D food printing) will address sustainability and security
qualitative standards, and traceability along the entire food supply
chain.

2.4. Food security

Disruptive innovation in digitization is transforming the pace and
scale of the food and drinks industry globally, ensuring food safety and
increasing food sustainability and food security applications. For
instance, advanced digital solutions (e.g., [oT, blockchain in the supply
chain) to ensure 24/7 order taking are expected to grow, whereas
companies will have to promote their values and brand and their quality
commitments (Askew, 2020c). The adaptation to new business models
that allow the modernization of retail would also contribute to this di-
rection. These models include, e.g., IoT and ICT (e.g., online delivery for
supply chain), or e-commerce that utilizes mobile apps for shopping
purposes, helping smallholders and producers to find different cus-
tomers in small city centers (Askew, 2020f) (FDA, 2020; Galanakis,
2020). To this line, Naughton et al. (S. Naughton et al., 2020) demon-
strated the need for real-time digitization and ICT in aquaculture to
connect complex laboratory data analysis with in-field physicochemical
measurements. These tools should determine optimum feeding rates at a
fish farm or conditions’ adjustments for disease mitigation.

The application value stream mapping is also expected to grow fast in
the new era. This digital tool allows the proper management of the
supply chain from agricultural production to processing, retail, and
consumption. Likewise, it reduces food loss and mitigates environmental
impacts (Wesana et al., 2019). Use of potential disruptive non-thermal
technologies, such as pulsed light, for food packaging disinfection that
also has potential for second-order disruption in areas of waste effluent
treatment and critical ecosystem service management such as treatment
of pollen frequently contaminated complex parasites and viruses for
farmed bumblebees used in buzz pollination of soft fruits and crops
across Europe (Garvey & Rowan, 2019; I. M. T. Murray et al., 2018; J.
Naughton et al., 2017; Rowan, 2019). Disruptive technologies for pro-
moting pollination security can be extended to commercial electron
beam or x-ray treatments for large scale throughput, where the benefits
of these emerging solutions have been comprehensively reviewed by
(McEvoy & Rowan, 2019). MacFadden and co-workers (Mcfadden et al.,
2016) also reported comparing the efficacy of using commercial electron
beam and pulsed light for novel sterilization of Irish retailed infant milk
formulae to further enhance safety and security from a non-thermal
processing perspective. Traditional and emerging technologies were
also comprehensively reviewed to help future-proof food systems
contaminated with complex foodborne parasites (Franssen et al., 2019;
Gérard et al., 2019; Herrero et al., 2020).

There is also a growing potential to exploit immersive Industry 4.0
advances (e.g., virtual and augmented reality) to advance remote
workforce training that can embrace the need for social distance to
prevent transmission of COVID-19 (N. Murray et al., 2019). Training and
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competence development remains mostly grounded in traditional
practice methods against a backdrop of highly innovative processes and
technology advancements (N. Murray et al., 2019; Rowan, 2019).
Likewise, the provision of specialist training in the agri-food workforce
merits innovative approaches using technology as a tool in competence
development. In the context of specialist training and educational pro-
grams, Immersive Multimedia (I.M.) technologies such as virtual reality
are emerging as potential platforms based on their delivery of 360° vi-
suals, spatial audio, and allowing the learner to move beyond the passive
mode towards an active participant in their learning experience (Braga
Rodrigues et al., 2020). In conjunction with wearable sensor technolo-
gies (capturing different user physiological metrics), task performance,
and user interaction, these technologies facilitate a right “human--
in-the-loop” system that supports adaptive, personalized while main-
taining context-based learning. Combined educational (such as
Cognitive Load Theory) and immersive training capture, at the indi-
vidual level, critical abilities of the learner, which then informs how the
presentation system challenges the learner, thus optimizing the learner
experience (Braga Rodrigues et al., 2020; N.; Murray et al., 2019).

3. Conclusion

The COVID-19 pandemic has led to historical changes in our soci-
ety’s norms and the way people interact. It also showed direct and high
impacts on the food sector, affecting mainly bioactive compounds, food
safety, food security, and sustainability. The lockdown of billions of
people during the last winter and spring and the lockdown waves that
are expected to come in the next months/years led to different in-
novations in the food sector. Among them, Industry 4.0 applications
(IoT, ICT, and blockchain technology) and innovations that disrupt the
way we consider and consume food (e.g., lab-grown meat, plant-based
alternatives of meat, and valorization of a vast range of bioresources)
are the ones with the highest potential in the new era. Niche applications
such as the development of nutritional and immune-boosting products
to support the health and recovery of COVID-19 patients will become
popular. There is also a trend towards intensive sustainable food pro-
duction systems (such as digitization, AI, and automation in smart
agriculture) with future-proofing for the potential impact of security
risks and climate change through the supply chain to mitigate critical
needs embrace opportunities. Education and training for the next gen-
eration of workforce in emerging technologies and accelerating initia-
tives that will foster behavior change of consumers to the merits of these
new business services, technologies, and products will be becoming
increasingly important. Globally, there will be a pressing focus on food
security regionally and nationally to mitigate against challenges pre-
sented by the potential occurrence of future viral pandemics such as that
caused by SARS-CoV-2 to protect vulnerable critical supply chains.
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