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Research question:
Does Nanotechnology in food industries beneficial or noxious
Highlights:

Detailed elaboration of various types of nanostructures leveraged in
the food industry.

A brief study on the preparation techniques of nanostructures.
Critical discussion on the toxicological effect of nanostructures used
in the food sector.

Summary:

anotechnology nearly covered every single aspect of the food industry

including packing and processing of food, it affects contribution,

development, and sustainability in the food sector by advanced technology.
Nanotechnology uses materials and structures at the nanometer scale. The
application of nanotechnology enables food preservation, increases the expiration
date, and facilitates nutrition enrichment. Despite the benefits of nanotechnology,
there are vital concerns regarding its usage, since the buildup of nanoparticles
(NPs) in humans and the environment may result in various safety and health
hazards. The toxicological basics and risk evaluation of nanomaterials should be
thoroughly investigated in novel foods. A lot of work is needed to raise community
awareness about the usage of nanoparticles in food and their impact on health.
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Preface

Nanotechnology is adva-
nced technology enabling
assistance,  development, and
sustainable impact on medicine,
agriculture, and food. Food
nanotechnology is an emerging
field of interest that opens up new
possibilities for the food industry.
Nano foods were in grown,
processed, or packaged with
nanotechnology to increase the
self-life, preventing contamin-
ation, and production of enhanced
food quality (Nile et al., 2020).
Nanotechnology widely uses in
daily lives and is changing the
entire society. Since the United
States Department of Agriculture
released its first road map on
September 9, 2003, it has entered
the agriculture and food industries
(Wani KA and Kothari R
(2018).

Aim of review

The aim of this review is to
shed light on the wuses of
nanotechnology in the food
industry and its impact on human
health.

Objectives

e Spot the significance of
nanotechnology in the food
industry.

o Identify some applications
of Nanotechnology in the
food industry.

e Recognize and evaluate the
toxicological effect of
nanostructures used in the
food industry.

METHODS

Online data collection
from MEDLINE/PubMed, Scopus
and the academic search engine
Google Scholar.

Elaboration of various types
of nanostructures leveraged

in the food industry:
Nanotechnology has
several applications in the food
industry, and it significantly helps
in the characterization, fabrication,
and manipulation of
nanostructures. The nanostructures
improve the solubility of food
ingredients in  vivo, along with
enhancement in their
bioavailability and controlled
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release at the target site. These
nanostructures also serve as
anticaking agents, nano-additives,
delivery systems for
nutraceuticals.  (Sahani  and
Sharma, 2020).The literature
review highlighted the application
of various types of nanostructures
in the food industry

The use of nanotechnology in
various industries has been so
rapid and widespread due to its
wide-ranging applications in daily
lives. Nutrition and food service is
altogether one amongst one of the
largest industries to be influenced
by nanotechnology in all areas,
changing even the character of the
food itself. Whether it is farming,
food packaging, or the prevention
of microbial within the food
industries have seen dramatic
changes due to nanotechnology.
The inception of nanotechnology
amazed the full universe with
several new possible adventures in
food science and technology.
Gradually this became a boon to
the food industry with some
astonishing applications to
simulate improved taste, flavor,
color, texture, and the durability of
food products (Gupta et al.,

2016). Additionally to the superb
absorption capacity of bioactive
compounds (e.g., flavonoids and
vitamins), polymeric nanoparticles
are found to be suitable for the
encapsulation of bioactive
compounds to guard these
compounds to focus on functions,
thus enhancing their nutrition
value (Langer and Peppas,
2003). Also, food antimicrobials,
long-lasting  food  packaging
materials with improved
mechanical strength and anti-
microbial properties, beside nano-
sensors for traceability of health
hazards, bio-nanosensors to test
food quality during transport and

storage together with
encapsulation or coating of food
components or additives

(Bieberstein et al., 2012; Singh
et al, 2017).  Therefore,
nanotechnology has given a
replacement perception to the
research fraternity to dive deep
inside the substance at the nano
level. Nanotechnology in food
science (Nile et al., 2020) appear
in (Figure 1).

Several studies investigated
novel techniques for the direct
application of nanotechno-
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logy within the food industry (He
and Hwang, 2016). There are two
preferential methods for
nanomaterials,  fabrication  of
nanostructures i.e. top-down, and
bottom-up approaches. Nanote-
chnology within the food industry
has  developed two  broad
applications of nanostructures i.e.
food ingredients and  sen-
sors within  the food  industry,
nano-food ingredients cover a
large utility area ranging
from food processing to food
packaging. In food processing;
nanostructures act as anticaking
agents,  antimicrobial  agents,
Nano-additives, Nano-carriers,
and Nanocomposites, while in
food packaging; they
potentially function as Nano-
sensors to watch the food quality
(Ezhilarasi et al., 2013).

The nanomaterials are proven
to be as great enzyme-supports by
their  large  surface-to-volume
ratios as compared to the traditi-
onal macro-sized support systems.
It makes the enzymes hyperactive,
durable, and cost-effective. Recent
Nano-carriers developed by Nano
techniques have the potential to
act as selective and exclusive

delivery systems to move the food
additives into food ingredients
with no disturbance in their basic
physicochemical properties and
morphology. Here, particle size is
the factor that affects the delivery
rate of a bioactive compound to
the target sitesin vivoas only
submicron NPs maybe assimilated
in some cell lines efficiently or
larger size  micro-particles are
not allowed to undergo (Fathi et
al., 2012; He and Hwang, 2016;
Singh et el., 2017).

Preparation techniques of
some nanostructures used in

food industry:

e Preparation methods of bio-

polymeric nanoparticles (NPs)

Inceptively, biopolymer NPs
were made up of albumin, non-
biodegradable polyacrylamide,
and poly (methyl acrylate)
(Pathakoti et al., 2017). Protein
and polysaccharide-based NPs are
prepared by several methods i.e.
emulsification, desolation, and
electrospray drying techniques.
Chronic toxicity results from
overloading of non-degradable
polymers (polyacrylamide and
polymethyl acrylate) NPs were
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realized and limitation on their use
was imposed (Pathakoti et al.,
2017).  Consequently, synthetic
biodegradable polymers received
tremendous attention in food
processing. There are some
synthetic biodegradable polymers
such as polyalkylcyano acrylate;
poly (lactic-co-glycolic acid) and
polyanhydride are used in food
processing and food sensing.
Polylactic acid is one of the most
common biopolymers used by
manufacturers in the food industry
for the encapsulation of bioactive
ingredients and drug delivery
(Kumar et al., 2015).

1) Nanoliposomes and
nanoemulsions
Complete  nutrition  provides

several bioactive compounds to
the body permanently health in an
exceedingly controlled  manner.
Nano liposome has shown
exciting opportunities within
the food sector like encapsulation
and controlled release of food
materials, bioavailability,
stability, and  higher  quality
durability (Karimi et al., 2019;
Zarrabi et al., 2020 and Arshed
et al., 2021). Nano
liposomes are utilized in the food

sector for enhancement in nutrient
content and flavors. Recently, they
have been explored for their
capacity to assimilate antimicro-
bial properties against microbial
contamination (Khosravi-Darani
et al., 2016). Nano liposomes are
found to bea number ofthe
foremost promising  lipid-based
carriers for antioxidants. Nano
liposomes provide the controlled
and  specific  delivery  of
nutraceuticals, nutrients, enzymes,
vitamins, antimicrobials, and
additives. Liposomes are an
appropriate carrier for a good
sort of substances to biological,
biochemical, pharmacological, and
agricultural targets (Khorasani et
al. 2018; Karimi et al., 2019).
Jafari and McClements (2017)
showed that the bioavailability of
a nutrientis the fraction of
ingested  bioactive ingredient,
which is absorbed and
consequently used for the essential
physiological functions of the
body. The bioavailability of
bioactive compounds like vitamins
(A, D, and E), -carotenoids,
curcumin, conjugated  linoleic
acids, omega-3 fatty acids, and
coenzyme Q10 reduces after oral
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ingestion (Zhang and Mc-
Clements, 2016). It
happens because physiological

and physiochemical fac-

tors like bioavailability, absor-
ption, and transformation (Figure
2). NPs based delivery systems are
applied to raise the bioavailability
with suitable encapsulation of
micronutrients (hydrophilic and
hydrophobic) as pictorial in
Figure 3 (McClements and Xiao,
2014). Therefore, nano-
encapsulation of nutraceuticals
could boost their positive effects
on human health, thus reducing
their side effects. In order to be
applied in food and nutraceutical
fields, food-grade material for the
fabrication of nanoparticles must
be used (Wei et al., 2020). Among
the food-grade material is used
zein, a maize protein (Yuan et al.,
2020), chitosan (Xiong et al.,
2020), and gelatin (Feng et al.,
2020), which were mainly used
recently for the encapsulation of
nutraceuticals (Figure 4).
Nanoemulsion may be a high-
energy or non-equilibrium system,
which is generated by supplying
external energy driving forces as
its  formation, disturbs the

equilibrium from a stable energy
level. Nanoemulsions are
formulated by either high-energy
or low-energy techniques. The
operating thermodynamic
conditions in both techniques
critically affect the particle size
and composition of the resulting
Nanoemulsion (Pisoschi et al.
2018). In high-energy techniques
for  Nanoemulsion  formation,
energy-supplying devices apply
the energized disruptive forces and
permit extensive mixing with the
simultaneous  addition of a
surfactant (5-10%). This results
in the formation of small droplets
with a particular size of nano-
emulsions (Pisoschi et al. 2018).
While in low energy approaches,
the formation of little oil droplets
in diphasic systems depends on
environmental temperature and
composition affecting the dimen-
sions of the formed drops in
Nanoemulsions (Figure 5).

2) Nanocomposites and inorganic
nanoparticles
Sharma et al.,
(2017) reported that the
Nanocomposite substances have
evinced themselves as possible
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alternatives in food packaging due
to their working and
cost. Bratovcic et al., (2015) said
the Nanocomposites are polymer
matrices incorporated by inorganic
or organic Nanofillers with
geometries (fibers, flakes, spheres,
whiskers, sheets) having any of
their three dimensions in the Nano
range.  There are  several
Nanofillers explored so far i.e.
clays, metal oxides, carbon
nanotubes, and cellulose fibrils of
the Nano dimension (Sharma et
al., 2017). Especially inorganic
NPs are noticed as impeccable
Nanofillers for nanocomposite
formation. Besides, Inorganic NPs
have tremendous utility, especially
in the catalytic application of
organic synthesis. Inorganic NPs
are also found as an efficient
adsorbent in a variety of
applications  of the  food
industry (dos Santos et al.,
2020). Various metals and metal
oxide-based NPs have been
utilized either in the coating or in
the packaging of food materials
(Figure 6).

The active mineral either
directly interacts with food
contents or performs the function

of antimicrobial activity. The
possible phenomenon happening
in antimicrobial action might be
direct contact with the microbial
cell body, break cell envelope and
electron transfer; oxidizing cell
components, formation of
secondary reaction species, which
in the end destroy the microbial
cell. Sundry synthetic polymers
with natural polymers have been
used within food packaging for
decades. The  filler  material
acquires a higher surface area, and
their reinforcing properties.

Critical discussion on

toxicological effect of
nanostructures used in food

sector:

Nanomaterials have unique
properties like high  surface area,
which make  them more
chemically active than bulk
material in order that they could
participate in  most biological
reactions that will have a harmful
effect on human health or the
environment. Nanostructures in
nutrition or related industries must
not create any direct or indirect
damage to human health. Some

Bulletin of the National Nutrition Institute of the Arab Republic of Egypt. June 2021 (57) 114



Review: Nanotechnology in Food Industry

Fardous SH Soliman; Hanaa H Elsayed; Athar E Elkafas; Mona S Elgharee; Rasha M El

kolally and Suzan M El bakry

features of nanoparticles are more
important in unintentional side
effects observed (Figure 7). Food
and related industries
like agriculture, packaging, and
food processing have seen huge
changes due to the unique
properties  of  nanomaterials.
Nevertheless, these unique
properties may occasion-
nally cause ambiguous and some-
times dangerous side effects to
ecosystems and even in people.
The main role of
nanotoxicology is to produce clear
guidelines and roadmaps for
reducing risks within the optimal
use of nanomaterials. Exposures
routes in industrial workers and
consumers of food products that
contain nanomaterials must be
studied carefully. A particular
understanding of the properties of
nanomaterials like size, dose,
surface chemistry, and structures,
will enable us to induce safe food
products. These novel chemical
and physical properties have an
impact on different ways through

interaction with biological
components, their uptake,
accumulation, and  clearance

through the body, and interaction

with the environment at large.
These factors govern the toxicity
of nanoparticles shown in Figure
7.

In the food industry, tested
nanomaterials comprise organic
(natural product nanoparticles),
inorganic (metal and metal oxide
nanoparticles), and both organic
and inorganic as an example clay.
Amongst all-metal nanoparticles,
the gold nanoparticle is
usually considered as a detector
/sensor whereas silver
nanoparticle due to their anti-
microbial action utilized mostly
for commercial purpose. For
flavor enhancing, disinfecting and
food additives, titanium dioxide
nanoparticles are widely applied.
Natural product nanoparticles are
used as constituents or enhance-
ments within  the food industry
(Yogita et al., 2021; Monalisa et
al., 2021).

Various NPs have revealed
great possibility and capability in
every single phase of the food
industry and agriculture. Within
several facets of commodity, food
nanotechnology has penetrated as
an example food conservation,
packing, and supplements or
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additives. In safeguarding food
safety, nanotechnology  has
progressed the food treatment and
storing processes (Monalisaet al.,
2021). On a nanometer scale,
various chemicals supplemented
as food additives or packing
ingredients are found to  partially
exist. As an  example, within
the nanometer range, food-grade
TiO2NPs are found up to roughly
40% (Dudefoi et al., 2017).
Although TiO2 NPs are usually
acknowledged as lesser toxic at
ambient conditions, long-term
contact with such NPs may cause
unfavorable effects (Dorier et al.,
2017; Mateja et al., 2021).

The major bases for regulation
and legislation on food
nanotechnology are the US Food
and Drug Administration (U.S.
FDA) and European Commission
(EC) supported risk evaluation of
the particle size of a substance, EC
and US FDA make some
authorizations. Under research and
development  (R&D), some
applications also are comprised to
designate possible future
applications.

Toxicological fundamentals and
risk evaluation:

Despite the enormous advan-
tages of NPswithin the food
sector, there is immense concern
associated with their toxicity and
noxious effect on the environment.
The prime  aspects associated
with the behavior, fate, Klaine et
al, (2008), described biological
accessibility, disposal, and
harmfulness of NPs to the
environment. NPs are purpose-
fully supplemented as food
additives, or  coincidentally
introduced through migration in
various food products according to
Hannon et al., (2016). Upfront
exposure of buyers to NPs utilized
in the food sector jeopardizes the
health of humans (Figure 8).
Exposure is  restricted until  the
NPs' remaining food packing.
Nevertheless, there are high
risks related to the passage of NPs
to humans by ingestion of food.
Teow et al, (2011), stated the
impact of NPs on the health of
humans and safety associated with
the usage of NPs they described
the entries of NPs, their
distribution, and absorption in
human bodies, emphasizing the
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cytotoxicity and  genotoxicity.
Stark, (2011) discussed the mode
of  action, behavior,  and
functioning of NPs in living
systems, to  develop  safe
nanotechnology.

The toxic effect of NPs on
human organs relies on their
physicochemical features like
biological distribution and
availability, concentration in food
products, and quantity of food
ingested (Wani and Kothari,
2018). NPs like asbestos could
activate immunologic  response
or settle  down within the brain
(Scrinis, 2008). The reactivity of
nanoparticles and the multiple
entry routes aggravate the matter
(Figure 8). These particles can
move great distances facilitated by
Brownian movement and are
likely to urge deposited into air
sacs (Chidambaram and
Krishnasamy 2012). Nanoparticle
toxicity has approaches kind of
like conventional toxicity analysis.
Most of the studies have suggested
oxidative stress as a parameter for
nanotoxicity analysis (Donaldson
et al., 2006).

Toxic assessment of metal
NPs was studied by Schrand et

al., (2010), they stated that as NP
size reduces, its toxic level is
enhanced. Small NPs having high
reactivity and therefore  the
capability to traverse membranes
and capillaries could
compile within the central system
nervous (Borm and Kreyling,
2004).

Interaction of NPs with
enzymes and proteins could
trigger  oxidative stress and
production of Reactive oxygen
species (ROS) inducing damage to
mitochondria and cells, resulting
in death. Over a generation of
ROS could damage neurons, acute
DNA damage, autophagy
carcinogenesis, and age-related
illnesses in groups of
people (Khan et al., 2012).

TiO2 NPs could trigger tumor-
like alterations in cells of human
beings (Botelho et al., 2014) and
anti-caking  silica  NPs might
be cytotoxic in  lung  cells
(Athinarayanan et al., 2014).
Silver NPs affect fibroblast in
human lungs by enhancing ROS,
reducing ATP level, inducing
chromosomal  anomalies, and
damaging mitochondria and DNA
(Kim et al, 2007). Carbon
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Nanotubes, generally utilized
in food packing have toxic effects
on human lungs and skin (Mills
and Hazafy, 2009). Accumulation
of TiO2 NPs in human bodies by
eating chewing gums containing
TiO2 NPs was reported by
Jovanovic  (2015).  Similarly,
Athinarayanan (2014) reported
the buildup of SiO> NPs in gut
epithelia after eating food-having
E551. Various Metal NPs like Cu
O, Ag, and Zn O could have
harmful effects on food stimulants
by increasing intracellular ROS
triggering peroxidation in lipids,
and damaging DNA (Fukui et al.,
2012; Karlsson et al., 2013;
McShan et al., 2014).

Furthermore, there is  less
toxicological research on
NPs utilized in edible coatings and
food packing. Hence, Siddiqui,
(2021)  showed  that the
danger assessment research to
identify the harmful and noxious
effects of NPs on human health
must be crucially investigated
(Figure 9).

CONCLUSION
There isno doubt that the
utilization of

nanotechnology within  the food
industry is developing atan
incredible speed and carries many
benefits tothe buyer. It also,
unfortunately, carries some health
hazards. However, there are
limited documented studies on the
potential toxicity of Nanoparticles
on human health. Hence, risk
assessment research to identify the
harmful and noxious effects of
NPs on health must be crucially
investigated. To assistto develop
standardized protocols for
regulating issues of safety and risk
assessment for the usage of
NPs within  the food  sector to
confirm products safety, create a
healthy food culture, and enhance
the nutritional quality of food.

RECOMMENDATION

e In vitro and in vivo
analyses are required to
standardize protocols for
regulating safety issues
and risk assessment related
to the usage of NPs in the
food sector.

e Increase community
awareness including health
sectors about usages of
nanoparticles in the food
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industry and their impact
on health.

Declaration of Competing
Interest

This article was introduced
to the Egypt Board of Clinical
Nutrition for completing a clinical
Nutrition fellowship. The authors
and supervisors declare that they
have no competing financial
interests or personal relationships
that could influence this review.

REFERENCES

Arshad R, Gulshad L, Haq IU,

Faroog MA, Al-Farga A,

Siddique R, Manzoor MF,

Karrar E (2021):
Nanotechnology: A novel
tool to enhance the
bioavailability of
micronutrients. Food Sci
Nutr.;9(6):3354-3361

Athinarayanan J; Periasamy

VS; Alsaif MA; Warthan AAA

and Alshatwi AA (2014):
Presence of nanosilica
(E551) in commercial food
products:  TNF-mediated
oxidative stress and altered
cell cycle progression in
human lung fibroblast

cells. Cell Bio. and
Toxicol., 30 (20), 89-100.

Bieberstein A; Roosen J;

Marette S; Blanchemanche S

and Vandermoere F (2012):
Consumer  choices for
nano-food and  nano-
packaging in France and
Germany. European
review of agricultural
economics, 40(1), 73-94.

Borm PJ and Kreyling W

(2004):
Toxicological hazards of
inhaled nanoparticle-
potential implications for
drug delivery. J. Nanosci.
and Nanotech. 4(5), 521-
531.

Botelho MC; Costa C; Silva S;

Costa S; Dhawan A; Oliveira

PA and Teixeira JP (2014):
Effects of titanium
dioxide nanoparticles in
human gastric epithelial
cells in vitro. Biomed.
Pharmacother. 68, 59 —64.

Bratovcic A; Odobasic A; Catic
S and Sestan | (2015):

Bulletin of the National Nutrition Institute of the Arab Republic of Egypt. June 2021 (57) 119



Review: Nanotechnology in Food Industry

Fardous SH Soliman; Hanaa H Elsayed; Athar E Elkafas; Mona S Elgharee; Rasha M El

kolally and Suzan M El bakry

Application of polymer
nanocomposite  materials
in food packaging.
Croatian Journal of Food
Science and Technology,
7(2), 86-94.

Chidambaram M and

Krishnasamy K (2012):
Nanotoxicology: Toxicity
of  engineered  nano-
particles and approaches to
produce  safer  nano-
therapeutics. Int. J. Pharm.
Sci., 2, 117-124.

Donaldson K; Aitken R; Tran

L; Stone V; Duffin R; Forrest G

and Alexander A (2006):
Carbon  nanotubes. A
review of their properties
in relation to pulmonary
toxicology and workplace
safety. Toxicol. Sci., 92, 5—
22

Dos Santos. A; Ingle AP and Rai
M (2020):
The emerging role of
metallic nanoparticles in
food. Applied Microbi-
ology and Biotechnology,
104(6), 2373-2383.

Dudefoi W; Moniz K; Allen
Vercoe E; Ropers MH and
Walker VK (2017):
Impact of food grade and
nano-TiOz particles on a
human intestinal comm-
unity. Food Chem.
Toxicol. 106, 242-249.

Ezhilarasi PN; Karthik P;

Chhanwal N and
Anandharamakrishnan C
(2013):

Nanoencapsulation
techniques for food
bioactive components: a
review. Food and
Bioprocess  Technology,
6(3), 628-647.

Fathi M; Mozafari MR and
Mohebbi M (2012):

Nanoencapsulation of
food ingredients using
lipid based delivery

systems. Trends in food
science & technology,
23(1), 13-27.

Feng X; Dai H; MaL; FuY; Yu
Y; Zhou H; Guo T; Zhu H;
Wang H and Zhang Y (2020):

Bulletin of the National Nutrition Institute of the Arab Republic of Egypt. June 2021 (57) 120



Review: Nanotechnology in Food Industry

Fardous SH Soliman; Hanaa H Elsayed; Athar E Elkafas; Mona S Elgharee; Rasha M El

kolally and Suzan M El bakry

Properties of
Pickeringemulsi on
stabilized by food-grade
gelatin nanoparticles:
Influence of the nano-
particles concentration.
Colloids Surf. B Bio
interfaces, 196

Fukui H, Horie M, Endoh S,
Kato H, Fujita K, Nishio K,
Komaba LK, Maru J, Miyauhi
A, Nakamura A, Kinugasa S,
Yoshida Y, Hagihara Y,
Iwahashi H (2012):
Association of zinc ion
release and oxidative stress
induced by intratracheal
instillation of 2Zn O
nanoparticles to rat lung.
Chem Biol Interact. 25;
198(1-3):29-37.

Gupta A; Eral HB; Hatton TA

and Doyle PS (2016):
Nanoemulsions: formation,
properties and  appli-
cations. Soft  matter,
12(11), 2826-2841.

Hannon JC; Kerry JP; Cruz-
Romero M; Azlin-Hasim S;

Morris M and Cummins E

(2016):
Assessment of the
migration  potential  of
nanosilver from  nano-
particle-coated low-density
polyethylene food
packaging into  food
simulants. Food Addit.
Contam. A. 33, 167-78.

He X and Hwang HM (2016):
Nanotechnology in food
science: Functionality,
applicability, and safety
assessment. Journal of
food and drug analysis,
24(4), 671-681.

Hossain A; Skalicky M; Brestic
M; Mahari S; Kerry RG;
Maitra S; Sarkar S; Saha S;
Bhadra P; Popov M; Islam T;
Hejnak V; Vachova P; Gaber A
and Islam T (2021):
Application of  Nano-
materials to Ensure Quality
and Nutritional Safety of
Food. Journal of Nano-
materials Volume 2021, 19
pages

Bulletin of the National Nutrition Institute of the Arab Republic of Egypt. June 2021 (57) 121



Review: Nanotechnology in Food Industry

Fardous SH Soliman; Hanaa H Elsayed; Athar E Elkafas; Mona S Elgharee; Rasha M El

kolally and Suzan M El bakry

Jafari, S. M. , & McClements,

D. J. (2017):
Nanotechnology  appro-
aches  for  increasing
nutrient bioavaila-

bility. Advances in Food
and Nutrition Research,
81,1-30

Jovanovic B (2015):
Critical review of public
health  regulations  of
titanium dioxide, a human

food additive. Inte.
Environ. Ass. and Manage.
11(1), 10-20.

Joye 1J; Davidov-Pardo G and

McClements DJ (2014):
Nanotechnology for
increased  micronutrient
bioavailability. Trends
Food Sci. Technol. 40,
168-182 (2014).

Karimi N; Ghanbarzadeh B;
Hajibonabi F; Hojabri Z;
Ganbarov K; Kafil HS;
Hamishehkar H; Yousefi M;
Mokarram RR; Kamounah FS;
Yousefi B and Moaddab SR
(2019):

Turmeric extract loaded
nanoliposome as a
potential antioxidant and
antimicrobial nanocarrier
for food applications. Food
Bioscience, 29, 110-117.

Karlsson HL; Cronholm P;
Hedberg Y; Tornberg M; De
Battice L; Svedhem S and
Wallinder 10 (2013):
Cell membrane damage
and protein interaction
induced by copper
containing nanoparticles--
importance of the metal

release process.
Toxicology. 8; 313(1):59-
69.

Khan AU; Wei Y; Ahmad A;
Khan; ZUH; Tahir K and Khan

SU (2016):
Enzymatic browning
reduction in white

cabbage, potent anti-
bacterial and antioxidant
activities of  biogenic
silver nanoparticles. J
Mol. Lig. 215, 39-46.

Khorasani S; Danaei M and
Mozafari MR (2018):

Bulletin of the National Nutrition Institute of the Arab Republic of Egypt. June 2021 (57) 122



Review: Nanotechnology in Food Industry

Fardous SH Soliman; Hanaa H Elsayed; Athar E Elkafas; Mona S Elgharee; Rasha M El

kolally and Suzan M El bakry

Nanoliposome technology
for  the food and
nutraceutical industries.
Trends in Food Science &
Technology, 79, 106-115.

Khosravi-Darani K; Khoosfi

EM and Hossenini H (2016):
Encapsulation of Zataria
multiflora Boiss. Essential
oil in liposome: anti-
bacterial activity against E.
coli O157:H7 in broth
media and minced beef.
Journal of Food Safety 36,
515-523.

Kim JS; Kuk E; Yu KN; Kim
JH; Park SJ; Lee HJ; Kim SH;
Park YK; Park YH; Hwang CY;
Kim YK; Lee YS; Jeong DH
and Cho MH (2007):
Antimicrobial effects of
silver nanoparticles. Nano-
medicine.; 3(1):95-101

Klaine SJ; Alvarez PJJ; Batley
GE; Fernandes TF; Handy RD;
Lyon DY; Mahendra S;
Mclaughlin MJ and Lead JR
(2008):
Nanomaterials in  the
environment: behavior,

fate, bioavailability, and
effects. Environ. Toxicol.
Chem. 27(9), 1825-1851.

Kumar A (2014):

Nanoscience and nano-
technologies in  food
industries:  opportunities
and research trends.
Journal of Nanoparticle
Research, 16(6), 2464-
2468.

Mateja P; Zeljko K and Maja L
(2021):
(Bio) Nanotechnology in
Food Science—Food
Packaging. Nano-
materials.11, 292.

Mc-Clements DJ and Xiao H

(2014):
Excipient foods:
Designing food matrices
that improve the oral
bioavailability of pharma-
ceuticals and  nutra-
ceuticals. Food &
Function, 5, 1307-1632.

Mills A and Hazafy D (2009):
Nano crystalline SnO2-
based, UVB-activated,

Bulletin of the National Nutrition Institute of the Arab Republic of Egypt. June 2021 (57) 123



Review: Nanotechnology in Food Industry

Fardous SH Soliman; Hanaa H Elsayed; Athar E Elkafas; Mona S Elgharee; Rasha M El

kolally and Suzan M El bakry

colorimetric oxygen
indicator.  Sensors and
Actuators B: Chemical.136
(2), 344-349.

Monalisa S; Siddharth V;
Chirasmita P and Jayant K
(2021):
Nanotechnology: Current
applications and future
scope in food. Food
Frontiers. 2, 3-22.

Naseer B; Srivastava G; Qadri
OS; Faridi SA; Islam R and
Younis K (2018):
Importance and health
hazards of nanoparticles
used in the food industry.
Nanotechnol Rev.; 7(6):
623-641

Nile SH; Baskar V; Selvaraj
D; Nile A; Xiao J and Kai G
(2020):
Nanotechnologies in Food
Science: Applications,
Recent Trends, and Future
Perspectives. Nano-Micro
Lett. 12, 45

Langer R and Peppas NA
(2003):

Advances in biomaterials,
drug delivery, and bio-
nanotechnology. AIChE

J. 49, 2990-3006.

Paolino  D; Mancuso A;
Cristiano MC; Froiio F;
Lammari N; Celia C and Fresta

M (2021):
Nanonutraceuticals: The
New Frontier of

Supplementary Food, J.
Nanomaterials, 11, 792

Pathakoti K; Manubolu M and

Hwang HM (2017):
Nanostructures:  Current
uses and future
applications in  food
science. Journal of food
and drug analysis, 25(2),
245-253.

Pisoschi AM; Pop A; Cimpeanu

C; Turcus V; Predoi G and

lordache F (2018):
Nano encapsulation
techniques for compounds
and products with
antioxidant and  anti-
microbial activity-A
critical view. European
Journal of Medicinal

Bulletin of the National Nutrition Institute of the Arab Republic of Egypt. June 2021 (57) 124



Review: Nanotechnology in Food Industry

Fardous SH Soliman; Hanaa H Elsayed; Athar E Elkafas; Mona S Elgharee; Rasha M El

kolally and Suzan M El bakry

Chemistry, 157, 1326-
1345.

Sahani S and Sharma YC
(2020):
Advancements in appli-
cations of nanotechnology
in global food industry.
Food Chemistry, 128318.

Salvia-trujillo L; Martin-belloso

O and Mcclements DJ (2016):
Excipient Nano emulsions
for improving oral
bioavailability of bio-
active. Nanomaterials 6,
1-16.

Schrand AM; Rahman MF;

Hussain SM; Schlager JJ; Smith

DA and Syed AF (2010):
Metal-based nanoparticles
and their toxicity
assessment. WIREs Nano-
med. Nanobiotechnol.
Nanoparticl. Toxicity.
2(5), 544-567.

Scrinis G (2008):
On the ideology of
nutritionism. Gastrono-
mica. 8 (1), 39-48.

Siddiqui S and Alrumman SA

(2021):
Influence of nanoparticles
onfood: An analytical
assessment.  Journal of
King Saud University -
Science. Volume 33, Issue
6, 101530

Sharma C; Dhiman R; Rokana

N and Panwar H (2017):
Nanotechnology: an
untapped resource for
food packaging. Frontiers
in microbiology, 8, 1735.

Singh T; Shukla S; Kumar P;
Wahla V; Bajpai VK and
Rather 1A (2017):
Application of  nano-
technology in food
science: perception and
overview. Frontiers in
microbiology, 8, 1501.

Stark WJ (2011):
Nanoparticles in  bio-
logical systems. Angew-
andte Chemie Int. Edn.
50, 1242-1258.

Thiruvengadam M; Rajakumar
G and Chung IM (2018):

Bulletin of the National Nutrition Institute of the Arab Republic of Egypt. June 2021 (57) 125


https://www.sciencedirect.com/science/article/abs/pii/S0308814620321804#!
https://www.sciencedirect.com/science/article/abs/pii/S0308814620321804#!
https://www.sciencedirect.com/science/journal/03088146
https://www.sciencedirect.com/science/article/pii/S1018364721001919
https://www.sciencedirect.com/science/article/pii/S1018364721001919
https://www.sciencedirect.com/science/article/pii/S1018364721001919
https://www.sciencedirect.com/science/journal/10183647
https://www.sciencedirect.com/science/journal/10183647
https://www.sciencedirect.com/science/journal/10183647
https://www.sciencedirect.com/journal/journal-of-king-saud-university-science/vol/33/issue/6
https://www.sciencedirect.com/journal/journal-of-king-saud-university-science/vol/33/issue/6

Review: Nanotechnology in Food Industry

Fardous SH Soliman; Hanaa H Elsayed; Athar E Elkafas; Mona S Elgharee; Rasha M El

kolally and Suzan M El bakry

Nanotechnology: current
uses and future applica-
tions in the food industry.
3 Biotech.; 8(1):74.

Teow Y; Asharani PV; Hand

MP and Valiyaveettil S (2011):
Health impact and safety
of engineered
nanomaterials. Chem.
Commun. 47, 7025-7038.

Wani KA and Kothari R (2018):
Agricultural nano-
technology: applications
and challenges. Annals of
Plant Sci. 7(3), 2146-
2148.

Wei Y; Yang S; Zhang L; Dai L;

Tai K; Liu J; Mao L; Yuan F;

Gao Y and Mackie A (2020):
Fabrication,
characterization and in
vitro digestion of food
grade complex nano-
particles for co-delivery of
resveratrol and coenzyme
Q10. Food Hydrocoll.,
105, 105791.

Xiong K; Zhou L; Wang J; Ma

A; Fang D; Xiong L and Sun Q

(2020):
Construction of food-
grade pH-sensitive nano-
particles for delivering
functional food ingre-
dients. Trends Food Sci.
Technol. 2020, 96, 102-
113.

Yuan Y; Li H; Zhu J; Liu C;

Sun X; Wang D and Xu Y

(2020):
Fabrication and charac-
terization of zein
nanoparticles by dextran
sulfate coating as vehicles
for delivery of curcumin.
Int. J. Biol. Macromol.,
151, 1074-1083.

Yogita L; Balwinder SS;

Poonam S and Sachin K (2021):
Nano biotechnology
applications in food sector
and future innovations.
Microb. Biotech. In Food
and Health. 197-225.

Zarrabi A; AlipoorAmroAbadi
M; Khorasani S;
Mohammadabadi M; Jamshidi

Bulletin of the National Nutrition Institute of the Arab Republic of Egypt. June 2021 (57) 126



Review: Nanotechnology in Food Industry

Fardous SH Soliman; Hanaa H Elsayed; Athar E Elkafas; Mona S Elgharee; Rasha M El
kolally and Suzan M El bakry

A; Torkaman S; Taghavi E;

Mozafari MR and Rasti B

(2020):
Nano  liposomes and
Tocosomes as  Multi-
functional ~ Nanocarriers
for the Encapsulation of
Nutraceutical and Dietary
Molecules. Molecules, 25
(3), 638.

Zhang R and McClements DJ
(2016):
Enhancing  nutraceutical
bioavailability by contro-
lling the composition and
structure of gastrointestinal
contents:  Emulsion-based
delivery and excipient
systems. Food
Structure, 10, 21-36.

Bulletin of the National Nutrition Institute of the Arab Republic of Egypt. June 2021 (57) 127



Review: Nanotechnology in Food Industry

Fardous SH Soliman; Hanaa H Elsayed; Athar E Elkafas; Mona S Elgharee; Rasha M El
kolally and Suzan M El bakry

‘ Nano- Nano.
5 es - ¢
et partict Sictesh O
3%, 2o . Se N
> 4 5 Re U 5
. y g ez, o 4
e 2%
L& 2 2
_— & %% .
______ 3 P 2%
N g%
és gﬁ Fullerene % ?;i:
a"f E" Liposome % ‘§‘
33\4 ’Lf S§
4,% Quantum dot é';'
A Dendrimer °$
SO o
Q%q S, o Gold nanoshell >F =
(r»@’g, Q< 4
’ O
&
N
# <
S, Mo,
PSop, pewve™

Figure 1: Nanotechnology in food science (Nile et al., 2020)
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Figure 2: Mechanism of micronutrient bioavailability in the human body
(Arshad et al., 2021)
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Figure 3: Examples of Different nanobased delivery systems to improve the
bioavailability of encapsulated micronutrients (Arshad et al., 2021)
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Figure 4. In this picture, some nanocarriers used for the delivery of
nutraceuticals are represented (Paolino et al., 2021)
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Figure 5: Schematic diagram of nanoemulsions synthesis
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Figure 6: Potential for the development of metallic-based nanocomposites in
active food packaging (Hossain et al., 2021)

Bulletin of the National Nutrition Institute of the Arab Republic of Egypt. June 2021 (57) 130


https://link.springer.com/article/10.1007/s40820-020-0383-9/figures/3

Review: Nanotechnology in Food Industry

Fardous SH Soliman; Hanaa H Elsayed; Athar E Elkafas; Mona S Elgharee; Rasha M El
kolally and Suzan M El bakry

7

e

Figure 7: Different factors that may affect the overall toxicity of a nanoparticle
(Naseer et al., 2018).
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Figure 8: Possible routes of entry of a nanoparticle into the body (Naseer et al.,
2018).
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Figure 9 From: Nanotechnology: current uses and future applications in the
food industry (Thiruvengadam et al., 2018)
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