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UMAN health may depend on the environment and its compartments, which may

include climatic factors. These climatic factors and their changes might impact on human
health particularly the outbreak of pandemics like COVID-19. The combined stress resulted
from climate changes and COVID-19 could be noticed in several countries especially in the
developing countries. Malnutrition is considered one of the most important problems in the
developing countries in particular under the droughts, flooding, and other climatic events.
Malnutrition was aggravated under COVID-19 outbreak in these countries due to the closure
of borders between countries, the crisis of global trade, and the global food insecurity. The
biofortification process is the sustainable solution to overcome malnutrition, which included
very recently using nano-nutrients as called nano-biofortification. The approach of nano-
biofortification is a promising tool in producing biofortified edible plants, otherwise this
tool still needs more studies to answer the open questions like which nano-nutrients can be
used in nano-biofortification? Which recommended doses and crops are considered suitable
candidates?
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Introduction

It is well known that the humanity is linked to
several environmental factors through a very
complex web of relationships. Climate change
and COVID-19 are considered the most important
environmental issues all the over the world (Usman
et al. 2021). COVID-19 as the greatest pandemic
faced and still facing the humans in the modern
history (Nicola et al. 2020), which has been caused
disastrous impacts on the entire world (Shen et al.
2020). The novel coronavirus disease has been
taking a devastating toll from all over the world.
This pandemic and climate change already have
been impacted on several sectors in our life such as
tourism (Jiricka-Piirrer et al. 2020), agriculture and
food security (Rasul, 2021), air travel restrictions
(Kallbekken and Sealen, 2021), public health
(Pascal et al. 2021), mental health (Marazziti et
al. 2021), energy and its management (Chen et
al. 2021), human behavior changes (Botzen et al.
2021 and Nakajima et al. 2021), waste respirator
processing system (Zhao and You, 2021) and
their different strategic management (Rahman et
al. 2021). Therefore, a very strong relationship
between both climate change and COVID-19
pandemic, and the global food security particularly
in developing states (Hickey and Unwin, 2020).

In 2020, planet Earth faced a huge threats or
challenges, including extreme snow disasters, floods
and droughts, in Europe, North America, and Asia,
unprecedented locust-attacks in Africa, and the
global COVID-19 pandemic (Jiang et al. 2021).
These challenges have had devastating impacts on
food security, human health, and the environment
(Littlejohn and Finlay, 2021). The human health needs
essential nutrients and nutritional compounds and
lack of them causes the malnutrition, which means
“nutrient deficiency including shortages of vitamins
and minerals” (Jiang et al. 2021). The malnutrition in
the world has been impacted due to the COVID-19
pandemic, which influenced on the insecurity of both
foods and its nutrition (Hickey and Unwin, 2020).
Over the past few years, many approaches have
been adapted to overcome the malnutrition mainly
by agronomic biofortification (Silva et al. 2021),
conventional breeding (Tiozon et al. 2021), and
modern biotechnology (Zheng et al. 2020), which
have made great contributions to develop different
sustainable agricultural systems (Ashokkumar et al.
2020 and Steinwand & Ronald, 2020). However,
“at least one-third of the world’s population suffers
from malnutrition, and its eradication remains a
tremendous challenge” as reported by Jiang et al.
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(2021). Nano-biofortification is a new approach,
which has used to produce biofortified crops rich
in some micro-nutrients like nano-selenium (EI-
Ramady et al. 2020a), nano-iron (Guha et al. 2018,
2021), nano-zinc (Dimkpa et al. 2019 and Du et al.
2019), and nano-copper (Lopez-Vargas et al. 2018).
Nano-biofortification could be performed by seed
priming (De La Torre-Roche et al. 2020), foliar
application (Knijnenburg et al. 2018; Shalaby et al.
2021) and soil application (Fakharzadeh et al. 2020).

Therefore, this review discussed the
malnutrition and its impacts on human health with
suggestion of nano-biofortification as a solution
under the global crisis of both COVID-19 and
climate change. This work also will focus on the
links between COVID-19 and human health. What
are the expected environmental impacts of climate
change and COVID-19 on human health? Is there
any possibility to handle the nano-biofortification
as a new approach for malnutrition?

Human health under COVID-19 and climate change

There are several environmental issues that
have linked to all our life including the pollution,
climate change, electronic wastes, desertification,
salinization,  sustainability, soil-water-energy
nexus, global immigration, wars (global disasters),
hunger (malnutrition) and diseases and pandemics
(especially COVID-19). It could notice that climate
change and COVID-19 have a great concern
on the global level as reported by several recent
studies, which are linked to the environmental
pollution and human health (Marazziti et al.
2021). It is reported that pollution, climate change,
and COVID19 may increase the risk of mental
disorders as presented in Fig. 1. This pollution is
mainly resulted from urban-industrial and many
human activities, which deteriorated the natural
resources, and producing huge wastes.

Due to the potential of role of climate change
and COVID-19 on the human health, many
reports have been published to highlight and
confirm these interrelationships. Some evidences
indicated that strong relationships between
pollution, climate change, and COVID-19
pandemic (Marazziti et al. 2021). The variables
of climate may impact on the transmission rate
of COVID-19 and its outbreak and this needs
further investigations (Paraskevis et al. 2021).
Both the COVID-19 pandemic and climate
change are stock externalities with negative
consequences for human health (Fuentes et al.
2020). The terrible impact of both climate change
and COVID-19 pandemic on food security and
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Fig. 1. Several activities of human could pollute the irrigation canals by throwing wastes, plastics, masks, whereas

R

the not suitable land filling of wastes may cause and enhance the outbreak many diseases especially
COVID-19 in Kafr El-Sheikh and Behera Governorates (Photos by the students)

the agriculture has been reported in many regions
like in South Asia (Rasul, 2021). In their report,
Perkins and his co-authors analyzed the global
situation of COVID-19 pandemic under climate
change and summarized the following lessons
learned: “the potentiality of reducing fossil fuel
consumption and greenhouse gas emissions, the
possibility of large-scale change, a case for strong
sustainability, the significance of responding late,
the limits of rugged individualism, and a (mis)
trust in science” (Perkins et al. 2021). Day by
day, more studies are required on the relationship
between both climate change and COVID-19 and
the effects of this combined stress on the entire
environment. Further studies also are urgent in
this context such as what is the real impacts of

COVID-19 on climate variables? Is COVID-19
an indirect mitigator for changing in climate?
What is the expected effectiveness of climate
change and COVID-19 pandemic on global food
security particularly in developing countries?
What are main problems of the combined stress
resulted from COVID-19 and climate change on
human health? To what extend the global troubles
resulted from CIVID-19 will be continued? Is
there any sustainable solution for this terrible
pandemic in the nearest future?

Biofortification for human health

In general, human needs in his nutrition many
mineral nutrients (e.g., Ca, Cu, N, P, K, Fe, Mg, Mn,
Se, Zn) and a lot of vitamins such as vitamin A (retinol,
retinal), B1 (thiamine), B2 (riboflavin), B3 (niacin,
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niacinamide), BS (pantothenic acid), B6 (pyridoxine),
B7 (biotin), B9 (folic acid), B 12 (cyanocobalamin), C
(ascorbic acid), D (cholecalciferol), E (tocopherols),
and K (phylloquinone). The global malnutrition is
considered a real problem facing about half of the
world’s population due to a poor quality in their food
intake, which could be overcome by biofortification
techniques (Aziz et al. 2019). Biofortification is
defined as the process, in which the bioavailable
content of essential elements increases in edible
portions of crop plants through agronomic
fertilization, traditional breeding and genetic
selection (Cheah et al. 2020) as well as the nano-
biofortification (De La Torre-Roche et al. 2020). The
main information about the biofortification process
could be presented in Table 1.

The production of biofortified crops enriched in
macro- or micro-nutrients has been applied several
years ago such as Ca (Pessoa et al. 2021), Cu (Yusefi-
Tanha et al. 2020a), I (Budke et al. 2020, 2021), Fe
(Coelho et al. 2021; Okwuonu et al. 2021), Mg
(Kumssa et al. 2020), Se (Lessa et al. 2020; Hossain
et al. 2021; Trippe III and Pilon-Smits 2021), Zn
(Okwuonu et al. 2021 and Silva et al. 2021). Using
some vitamins (Fitzpatrick and Chapman 2020;
Jiang et al. 2020; Tiozon et al. 2021) and other
essential compounds like carotenoids (Watkins
and Pogson 2020 and Zheng et al. 2020) and folate
(Strobbe and Van Der Stracten 2017; De Lepeleire
et al. 2018; Viscardi et al. 2020) for human health
also have been applied in biofortification strategies.
Biofortification has distinguished features as a
promising approach including effective process in
delivering micronutrients in an appreciative impact
on human health, stability in enriching micronutrient
levels, high yield which may guarantee high crop
productivity, efficacious in increasing and improving
status of micronutrients in people consuming them,
taste and cooking quality of biofortified crop should
be guaranteed and accepted by consumers as a major
criteria for process of biofortification (Chandanshive
et al. 2020).

Nano-Biofortification as a new approach

As a promising strategy, the biofortification
process could improve the mineral nutrient
contents in the staple food through the three
methods (i.e., agronomic, breeding and genetic
approaches). Nano-biofortification is considered
one an innovative method, by which metal- or metal
oxide-nanoparticles could be used for producing
the biofortified crops for human health (Elemike
et al. 2019 and Velazquez-Gamboa et al. 2021).
The uptake of positive-charge metal-NPs was
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faster by the roots compared to negative-charge
ones, whereas the latter were more efficiently
translocated to the aerial parts (Perez de Luque,
2017). Due to their low toxicity, biocompatibility,
and ecological nature, the biological or green
synthesis of nanoparticles has been of great interest
(Velazquez-Gamboa et al. 2021). Selenium is
an essential nutrient for human nutrition due to
its roles in regulating the metabolism of thyroid
hormone, and cell growth as well as antioxidant
defense and immune systems (Hu et al. 2021). For
fighting against COVID-19, more concerns were
paid for supplementary natural treatments (e.g., Se
and Zn supplementation) to enhance the immune
system and to reduce the viral load in the hosts to
COVID-19 infected people (Schiavon et al. 2020;
Zhang and Liu 2020). It is worthing to mention
that the Zn-requirement of human body ranges
from 40 to 50 mg kg™!' (Yang et al. 2021) and for
selenium about 50-70 microgram Se per day (El-
Ramady et al. 2020a). Se-application as nano-
form (Se-NPs) as an alternative to conventional
Se-fertilizers has been recommended for
enriching many crops with organic-Se compounds
(Babajani et al. 2019; Juarez-Maldonado et al.
2019) such as groundnut (Arachis hypogaea L.),
tomato (Solanum Lycopersicon L.), pomegranate
(Punica granatum L.), strawberry (Fragaria
X ananassa), garlic (Allium sativum L.), and
cucumber (Cucumis sativus L.), as reported by
Hussein et al. (2019), Morales-Espinoza et al.
(2019), Zahedi et al. (2019a, b), Li et al. (2020),
Shalaby et al. (2021), respectively (Table 2).

The biosynthesis of Se-NPs and its
biofortification remains a great task for scientists
and need more investigations. Indeed, the effects
of Se-nanoparticles on plants including different
Se-NP concentrations and the application mode
(like soil, foliar, and seed priming), also are
strongly affected by the handling method for the
NP-synthesis, which is further responsible for NP
specific properties (i.e., the size, and the shape).

Challenges of nano-biofortification

The main challenges that face the nano-
biofortification depend on the nano-nutrient and its
properties beside its recommended applied dose as
well as the essential nutrients for human immunity.
In general, there are factors controlling this process
related to consumer acceptance and regulatory
policies, the palatability of biofortified crops,
increasing awareness to the farmers and public via
television, newspaper, consumer marketing and
workshops.
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TABLE 1. The main information about the biofortification process

Item and its details

References

Definition

Biofortification is a process or a food-based strategy that enhances or increases the
bioavailability and/or level of nutrients or vitamins in crops to improve human health

Different approaches
Agronomic biofortification or fertilization
Conventional or traditional breeding
Modern biotechnology or transgenic and gene editing
Nano-biofortification
Targeted crops
Staple crops
Wheat (Triticum aestivum L.)
Rice (Oryza sativa L.)
Maize (Zea mays L.)
Cassava (Manihot esculenta L.)
Sweet potato ([pomoea batatas L.)
Beans or legumes
Common bean (Phaseolus vulgaris L.)
Cowpea (Vigna unguiculata L.)
Chickpea (Cicer arietinum L.)
Lentil (Lens culinaris Medik)
Soybean (Glycine max L.)
Vegetable crops
Carrot (Daucus carota L.)
Garlic (Allium sativum L.)
Lettuce (Lactuca sativa L.)
Spinach (Spinacia oleracea L.)
Sweet basil (Ocimum basilicum L.)
Tomato (Solanum lycopersicum L.)
Fruit crops
Apple (Malus domestica L.)
Strawberry (Fragaria x ananassa L.)
Common methods
Soil application
Foliar application
Seed or tuber priming
Hydroponic systems
In vitro system
Micro-farm system
Targeted nutrients
Calcium (Ca)
Copper (Cu)
Todine (I)
Iron (Fe)
Magnesium (Mg)
Selenium (Se)
Zinc (Zn)
Targeted vitamins or carotenoids or folate
Many vitamins like A, B12, etc.
Carotenoids (tetraterpenoids)

Folate

Jiang et al. (2020), Tiozon et al. (2021)

Silva et al. (2021)

Tiozon et al. (2021)

Zheng et al. (2020)

Guo et al. (2018), De La Torre-Roche et al. (2020)

Islam et al. (2020); Delaqua et al. (2021)
Tiozon et al. (2021)

Cheah et al. (2020)

Okwuonu et al. (2021)

Nkhata et al. (2020)

Ngigi et al. (2019), Kumar and Pandey (2020)
Basavaraja et al. (2021)

Coelho et al. (2021), Silva et al. (2021)

Pal et al. (2019)

Rasheed et al. (2020)

Knijnenburg et al. (2018), Sharma et al. (2019)
Buturi et al. (2021)

Smolel et al. (2019)

Sohrabi et al. (2020)

Puccinelli et al. (2021)

Watanabe et al. (2017),

Puccinelli et al. (2021)

Sabatino et al. (2021)

Budke et al. (2021)
Budke et al. (2020)

Fakharzadeh et al. (2020)

Knijnenburg et al. (2018), Shalaby et al. (2021)
De La Torre-Roche et al. (2020)

Puccinelli et al. (2021)

Hu et al. (2020)

El-Ramady et al. (2016)

Pessoa et al. (2021)

Yusefi-Tanha et al. (2020a)

Budke et al. (2020, 2021)

Coelho et al. (2021), Okwuonu et al. (2021)
Kumssa et al. (2020)

Lessa et al. (2020), Hossain et al. (2021)
Okwuonu et al. (2021), Silva et al. (2021)

Jiang et al. (2020), Tiozon et al. (2021)
Watkins and Pogson (2020), Zheng et al. (2020)
De Lepeleire et al. (2018), Viscardi et al. (2020)
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Using the nano-biofortification needs to be very
clear concerning the optimum doses of used nano-
nutrients, which may become emerging pollutants
under over-dose. Therefore, there are an urgent
need for studying the release of nano-nutrients
and their fate in the environment, which will be
applied in the biofortification program especially
their impacts on their potential toxicity and public
safety (Schiavon et al. 2020). Hence, further
studies should be systematically addressed the risk
assessment and its management of nano-nutrients
when applied to agricultural purposes to avoid any
unpredictable health hazard from their occurrence
in the environment. It should be also stressed on
the nano-nutrients, which could be involved in our
struggle against COVID-19 through promoting the
human immunity like Se and Zn. This approach
could be achieved by two ways the first through
biofortified crops using nano-nutrients or through
using these nano-nutrients in pharmaceutical
applications to increase the bioavailability of these
nutrients in drugs or targeting therapeutic agents to
specific organs.

Conclusions

The main results of COVID-19 pandemic have
been involved several restrictions in transport or
travel or trade, the physical distance lockdown,
terrible global closure in borders, food stalls, food
processing industries, and borders. The changing
in climate may include rising in temperatures,
changing in precipitation patterns, extreme
weather events, flooding, droughts, extreme heat
stress, and sea level rise. Based on the suffering
of the world from climate change and COVID-19,
it is well mentioned that “COVID-19 pandemic
has also indicated the importance of focusing on
another global crisis, i.e., climate change. What
can one natural crisis teach us about another
crisis? The surprising COVID-19 epidemic has
demonstrated how the problems of the human race
are linked with each other”. Due to the massive
destruction of COVID-19 in human health
terms, the WHO already has declared medical
emergencies around the globe. The relationship
between climate change and COVID-19 has
gain great concerns by scientists to clarify this
combined stress from both perspectives, i.e., the
impact of COVID-19 on climate change and vice
versa. The malnutrition may be caused a serious
problem in human immunity, which its turn lead
to the infection by COVID-19. To overcome
the malnutrition problem, different approaches
of biofortifications have been applied recently

particularly nano-biofortification. The using of
nano-nutrients in enriching cultivated crops has a
promising progress like nano-Se, nano-Cu, nano-
Fe and others. This new approach has still many
open questions such as to which extend can we
depend on nano-nutrients in nano-biofortification
process? Is nano-biofortification is available
method for all desirable crops for human nutrition?
Which limitations should be considered for nano-
biofortification? When the nano-biofortification
is considered a global strategy for fighting the
malnutrition?
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