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Abstract:

Nanotechnology has become a transformative force in recent years, with the potential to completely
change the food production and processing sector. This critical analysis explores the different
effects caused by nanotechnology on every step of the food supply chain, from farming methods to
improved processing of food and its storage. Food quality, safety, and sustainability have improved
as a result of the innovative methods brought about by the integration of nano-scale science and
engineering in the food industry. When compared to its well-established use in pharmaceuticals,
nanotechnology's application in food processing is still in working. But scientists, engineers, and
the food industry have been paying close attention to the possibility of improving food production,
preservation, and consumption through nano-scale interventions. This innovative study discusses
the improved and advanced uses of nanotechnology in the food industry, illuminating the cutting-
edge ideas and innovations that could significantly influence the direction of food development in
the next age. There are two prominent domains in food nanotechnology that are food nanostructured
components and food nanosensing. With the help of cutting-edge technologies such as micro-
electromechanical systems, DNA microarrays and microfluidics, the former approach shows efforts
for increasing the assessment quality and safety of food. By enabling accurate and quick
identification of chemical and biological pollutants, these advancements guarantee the highest
levels of food safety. Food processing could undergo a revolution with the introduction of
nanostructured component in the food processing domain. The enhancement of solubilization and
color in food systems, bioseparation of proteins, nano-encapsulation of nutraceuticals, and smart
delivery of nutrient are a few of the emerging trends. But it's also important to weigh the advantages
of food nanotechnology against any potential drawbacks. This critical analysis seeks to present a
proper image of the state of nanotechnology in the food industry today, point out any unmet
obstacles, and investigate the potentially revolutionary possibilities. The article emphasizes the
distinct nano-scale structures that are helpful in the food industry and discover different
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manufacturing methods that may utilize nanotechnology, thereby playing a role in determining the
future of food production and processing sector.

Keywords: Nanotechnology, Food production, Food processing, Nano sensing, Nano scale
intervention.

Introduction:

A nanoparticle is one billionth of a metre in size, too small to be seen clearly with the naked eye.
And most people find it hard to describe anything less than 100 nm. As a result, it appears
impossible that nanoparticles ranging in size from 1-100 nm have a significant impact on humans. It
has applications that will benefit humans. Scientists, on the other hand, are working on an area of
research that is actually as little as a human fingertip or less. We've all heard of nanotechnology,
which is a combination of the field of chemistry physical science, engineering, and manufacturing
processes.[2]
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Figure 1: Nanotechnology Application in Food Sector

Nanoscience and nanotechnology are concerned with understanding and conceptually changing
materials at various levels such as atomic and molecular levels, often with structures smaller than
100 nm. Nanoscience is defined scientifically as the study of material manipulation at the atomic,
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molecular, and macromolecular levels. and their phenomena, where they have innovative functional
applications and their properties differ from those at higher scales. Nanotechnology gives us the
unique phenomena that enable novel applications by using new designs and structures on a
nanoscale.[3]

Nanotechnology and the nanosciences are already used in a variety of industries, such as medical
industry, software industry, communication and energy generating systems and most commonly in
the food business. Naturally occurring biomolecules like proteins, DNA membranes are the
examples of nanoscale devices they are mimicking the nanodevices that are present in nature.[4 , 5].
In the 21% century, nanotechnology based on highly reactive particles that are smaller than 100
nanometers are essential for the development and application of new technologies and energy
providing electronics[6]. Their properties are regulated by quantum mechanics inspite of having the
same physical principles that controls larger particles. Among all other physical and chemical
characteristics, they can differ greatly in terms of their solubility, color, strengths, chemical toxicity
and reactivity. Hundreds of commercial products on the market today, like penetration enhanced
moisturizers, dirt- and stain-repellent coatings, light diffracting cosmetics, transparent sun screens,
durable paints and varnishes are made with engineered nanoparticles. A human hair is 80,000 nm in
size, so nanometer sized particle is so small. A strand of DNA has a width of 2.5 nm, but a chain of
protein has a diameter of 5 nm.

Nanotechnology is beneficial at multiple levels, they have physical, chemical, and biological
qualities that differ significantly from their macroscopic counterparts[7]. Various research in
biology, chemistry, engineering, and physics fuels the growth and investigation of the nanoparticles.
As a result, industries such as aircraft, and medicines have already started producing commercial
nanoscale items. Despite the fact that the food industry is already working nanoparticles have
increased their development [8]. Because food undergoes a range of processing induced alterations
that affect its biochemical makeup [9]. Systems with structural characteristics in the nanoscale
length range have the ability to effect everything from molecular production to food safety.[10]

The global food industry is positioned for the future to manufacture and design food through the
manipulation of molecules and atoms.[11] One benefit is that continued advancements in the
decoding and analysis of crop DNA empower industries to forecast, regulate, and enhance
agricultural output. On the other hand, with technologies for altering food molecules and atoms, the
upcoming food industry will have a remarkable achievement for designing food with far greater
precision, reduced costs, capability and sustainability[12]. The combined effect of DNA and
nanoparticles yields a new nutritional delivery system that delivers active substances more
accurately and efficiently to the respective areas of human cells. The new technology will benefit
functional food first, followed by regular food, nutraceuticals, and others.[13]

Food technology is one of the industries in which nanotechnology has a prominent role in the
upcoming age.[14]. There are two kinds of nanofood applications: food additives and food
packaging. Nanoscale food additives, for example, can be beneficial in increasing product shelf life,
texture, quality, nutritional composition and can serve as a food quality indicators that can indicate
viruses. In the field of food packaging they indicate spoiled ingredients and generally improving
product quality by blocking gas movement over product packaging.[15]

Physical processing of dietary components, such as milling and crushing, is typically employed to
implement the top-down approach. Wheat flour that is finely ground and possesses a high water-
binding capacity can be produced via dry milling [16]. In the process of making green tea, this
method has been utilized to boost antioxidant activity.(17) An oxygen-removing enzyme's activity
increased when green tea powder was dry-milled to a particle size of 1000 nm due to the high ratio
of nutrient digestion and absorption.(17) The biological phenomenon of self-organization,
conversely, has propelled the development of bottom-up food nanotechnology.

The organization of micelles made of casein or starch, as well as the folding of globular proteins
and protein aggregates, are examples of self-assembly structures that produce stable structures. It is
possible to produce organize themselves at the nanoscale by achieving equilibrium with the other
noncovalent forces..[18]
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The introduction of technologies like probe microscopes, electron microscopes have provided
undescribeable potential for investigating diverse food structure at the sub-molecular levels.[19]
This has brought novel research to previous intractable challenges offer new methods in food
sciences for the logical selection of raw materials. They engage in the processing of resources that
contribute to the enhancement of food product quality. Progressive the field of nanotechnology is
the capacity to utilize nanoparticles to improve material quality through modifications to their
nanoscale design.20] Evolutionary nanotechnology refers to applications where structural reduction
leads to radical solutions to problems and new opportunities.[20]

The most debate has been about the potential application of evolutionary nanotechnology products
in food. The issue is that materials can take on radical, desirable properties when their size is
changed [21]. However, there is a chance that ingestion and release of nanoparticles with
undesirable toxicity will occur, making nanotechnology goods meant for food consumption likely to
be categorized as novel products needing testing and clearance, especially in the domain of food
materials.21] It is important to address these worries since customer acceptability will ultimately
decide the viability of products utilizing nanotechnology. Current studies on the general
accessibility of nanoproducts ensure effects on the food industry that are both direct and indirect.
Every organism is composed of a multitude of nanoparticles. New structures and dynamic systems
are created as atoms and molecules come together to support the life of every organism. In humans,
the fundamental structures that measure in nanometers include DNA, hormones, and cell
membranes. The interplay of various nanostructures is the reason behind the existence of every
living thing on Earth.23] Amino acids and fatty acids combine to form carbohydrates, proteins, and
fats at the nanoscale level.24]

Biomolecules like proteins are used as target-recognition groups for nanostructures in food
development using nanotechnology. They may be utilized on food as biosensors,[25] These
biosensors could be used to track food goods and detect contaminants such as food viruses. They
could also work well in encapsulation systems that shield against outside influences. Designing
food flavors and antioxidants is another application for it. The reference [26]. Preserving the
compounds' usefulness while lowering their concentration is the primary objective. There will be
increased study on nutraceutical delivery and controlled release methods as the trend of adding
novel compounds in foods develops [27, 28]

Considerable financial investment is required to implement a number of approaches in numerous
areas of food processing and production. The food industry is thus the most economically viable
sector to implement nanoscale techniques. Examples of accomplishments attributed to
nanotechnology include the creation of novel functional materials, formulations for food, refining of
food at the microscale and nanoscale, product development, and storage. [29].

&

T8,
emulsification
AN
%

nanoprecipitation

s

'. «” Nanoencapsulation ™
] techniques

freeze drying 5

}

ry
- o

-

coacervation

spray drying

Figure 2: Nano-capsulation Techniques '

Vol.30 No.18 (2023): JPTCP (2597-2605) Page | 2600


https://jptcp.com/index.php/jptcp/issue/view/79

"Nanotechnology's Impact On Food Production And Processing: A Critical Analysis"

Nanotechnology in Food: Transforming Food Quality and Safety:

Exploring the ways in which the physical and chemical properties of nano-sized compounds might
impact the quality, form, and consistency of food products is one application of the promising
technology known as nanotechnology. The production, processing, storage, transportation,
traceability, safety, and security of food are expected to be significantly impacted by the additional
advancements being brought about by a combination of nanotechnology and other technologies. For
example, new directions in the development of nano-biosensors for the detection of diseases and
pollutants in food can be found through the integration of biotechnology, nanotechnologies, and
information technology. A "electronic tongue™ for describing the flavor characteristics of food is
being developed as a result of this technology integration and advances in our knowledge of taste
receptors and flavor perception. Molecular modification has indeed facilitated the exploration of
novel food textures, flavors, and sensations by breaking the barriers between a variety of
conventional food science fields.[30]

Assessing Nanotechnology's Impact on Food Safety and Regulation:

According to an ETC Group assessment, the swift integration of nanotechnologies into an extensive
array of consumer goods has also brought up other issues related to safety, ethics, the environment,
policy, and regulations. [29, 30]. One of the main causes of concern is the lack of knowledge
regarding the molecular and physiological interactions of nanomaterials, as well as the possible
consequences and implications on consumer health and the environment. Customers don't know
much about meals made with nanotechnology, and it's not obvious how public opinion, attitudes,
preferences, and acceptability will affect these kinds of applications in the food industry in the
future. It is common knowledge that public concerns are sparked by uncertainties, a lack of
knowledge about the possible effects and consequences of new technology, and a lack of clear
communication about the benefits and risks.

The negative public reaction in the EU to genetically modified (GM) crops and food is a recent
example. Concerns have already been raised about the use of nanotechnology in food.[32] As a
result, it is vital to analyze potential consumer safety and regulatory implications in light of current
or anticipated nanotechnology applications in the food industry. The aim of this paper is to give a
present and shown review of current and projected nanotechnology processes, products, and
applications in the food sector, as well as the potential implications of such developments for
consumer safety or how the existing EU food laws and associated regulatory frameworks are
adequate to control any such risks.

Harnessing Nanotechnology for Innovation Food Application: A Focus on Nano-
Encapsulation:

The property of being capable of capturing bioactive substances. Recent advances in
nanotechnology and nanoscience are designed to infuse the food industry with novel, inventive
applications. Nanotechnology has demonstrated its efficacy across various domains, such as the
food industry and the classification of functional foods. To demonstrate the potential benefits of
nanotechnologies and designed nanomaterials meant for use in food without having a negative
impact on health, more research is needed. Every new food processing technique, food component,
or food packaging material that is developed falls into this category. The small droplets that
nanoemulsions contain give them many advantages over conventional emulsions: superior
bioavailability of encapsulated materials, superior physical constancy against gravitational partition
and droplet accumulation, and high optical clarity, all of which make them suitable for use in food
applications. One of the most important and beneficial technologies is nano-encapsulation.!
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Figure 3: Nano-Capsulation

Literature Review:

The manufacturing and processing of food is one of the industries where nanotechnology has shown
to be a disruptive force. Novel approaches that have the potential to completely transform food
safety, sustainability, and quality have been made possible by the introduction of nanoscale science
and engineering into the food sector. Even though the promise of nanotechnology has long been
understood, food processing is still a relatively new area of use for this technology.*!

There have been many notable advancements and turning points in the application of
nanotechnology in the food industry. This technology's capacity to work with materials at the
nanoscale is one of its main advantages since it allows for a better comprehension of how the
physicochemical properties of substances that are nanosized might affect the composition, texture,
and quality of food products. Nanotechnology is integrating with different scientific fields due of its
transformational potential *°]

Enhancing food quality and safety is one of the main reasons why nanotechnology is being adopted
in the food sector. The growing field of food nanotechnology applications makes it evident that this
technology provides novel approaches to these core issues in food production.®!

Nanostructured Substances

Nanotechnology has opened the door for the creation of innovative food items in the field of food
nanostructured substances. These nanostructured materials provide improved protein bioseparation,
improved solubilization, improved color in food systems, and nanoencapsulation of nutraceuticals.
The food sector may provide consumers with novel sensory experiences by experimenting with
materials at the nanoscale, thereby offering a completely new range of food textures and tastes.[]

Technological Nano-sensing

The evaluation of food safety and quality could be completely transformed by nanosensing
technology. Modern methods such as microelectromechanical systems, DNA microarrays, and
microfluidics promise precise and quick identification of chemical and biological contaminants in
food items. Food makers may guarantee the highest levels of food safety by utilizing
nanotechnology. Better protection against pollutants and pathogens for customers is promised by
these technologies.[®!
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Possible Limitations and Aspects

Food nanotechnology has many benefits, but it's important to be aware of any potential risks as
well. Concerns concerning the long-term impacts of nanomaterials on consumer health and the
environment are raised by uncertainties surrounding their interactions at the molecular and
physiological levels. The fact that customers are unfamiliar with meals produced using
nanotechnology adds to the complexity. Although public opinion, attitudes, acceptance, and choice
are still unknown, it is crucial to address these concerns early on because of the unfavorable public
responses to genetically modified food and crops.[]

Regulatory Structure

An urgent review of the laws controlling nanotechnology in the food industry is required in light of
these worries. For the safety of the customer, sufficient measures must be in place. In order to
address possible concerns related to nanotechnology applications in food production and
processing, it is necessary to carefully examine the current food laws and regulatory frameworks of
the European Union (EU). It could be necessary to update the framework to reflect the changing
field of food technology.%

Customer Acceptance and Public Perception

The future of nanotechnology in the food industry is greatly influenced by public opinion.
Certainly, how consumers feel about and accept meals made with nanotechnology will impact how
these applications develop. Establishing public confidence in the safety and benefits of
nanotechnology in food requires addressing concerns through clear and concise explanation of the
benefits and hazards. !

Prospects and Difficulties for the Future

The food industry's continued adoption of nanotechnology opens up a world of opportunities. The
food sector is faced with the combined difficulty of producing improved products while negotiating
the complex landscape of public opinion and legislation as it continues to explore creative uses and
embrace nanotechnology.?]

Conclusion

Finally, nanotechnology has the ability to completely transform the food production and processing
industries. Through new applications in nanostructured ingredients and nanosensing technologies, it
has proved its ability to improve food quality and safety. While there are concerns about potential
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negative impacts and regulatory obstacles, they should not discourage the food industry from
exploring this breakthrough technology. As we move forward, it is critical to confront these
concerns head on and adjust the regulatory framework to ensure the safe and responsible use of
nanotechnology in food production and processing. The application of nanotechnology to the food
sector holds promise for a safer, more sustainable, and interesting future for food production and
goes beyond simple technical advancement.
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