BioThink, Vol -1, Issue -2
e- ISSN: 3048-7943

Advancements in Nano Packaging Technologies: Revolutionizing Food
Preservation and Safety

SRUSHTI JOSHI, SUMEET JANI, BHAVESH JANI

Department of Food Safety and Quality Assurance, School of Nano Sciences, Department of
Food Process Engineering, Sardarkrushinagar Dantiwada Agriculture University Dantiwada, Gujarat-
385506 Central University of Gujarat, Gandhinagar Gujarat,-382030,

Packaging is prevalent and significant in today's
world. Modern consumer marketing would be
nearly impossible without packing, and materials
handling would be a challenging, expensive, and
inefficient undertaking. Assuring the sustainability,
quality, and safety of food items has become
increasingly difficult for the food business in recent
years (Alamri et al., 2021). To satisfy consumers'
growing needs for fresher, safer, and more
sustainable food items, the global food sector is
changing quickly. The packaging industry, which is
at the center of this evolution, is essential to
safeguarding food, increasing its shelf life, and
maintaining its quality from the point of production
to the point of consumption (Clodoveo et al.,
2022).

In the modern era, preserving food against
contamination and damage to the environment is
the primary goal of the food industry. This involves
both moving food from one place to another and
giving people accurate nutritional information
about the items in the packaging (Amit et al.,
2017). Enclosing food products in a wrapped
pouch, bag, box, tray, can, bottle, or any other type
of packaging material with the purposes of
containment, protection, preservation,
communication, utility, and performance is known

as food packaging. It serves as a barrier against
elements that may harm food's safety and
nutritional content, including air, light, moisture,
and microbes. The packaging's materials are
carefully chosen to provide the proper mechanical,
physical, antibacterial, optical, barrier, and thermal
resistance. Food production and packaging
standards are regulated by the previously
mentioned features in order to prolong the shelf life
(Yuvargj et al., 2021). According to estimates from
the World packing Organization (WPO),
insufficient packing results in over 25% of food
being wasted. Therefore, it is evident that the
significant amount of food waste can be decreased
by using efficient packaging. Furthermore, the
influence of food packaging has increased due to
the present customer desire for high-quality and
convenient food products (Wohner et al., 2019). In
addition to extending the shelf life of perishable
products, food packaging must preserve its flavor
and nutritional value during storage and transit.
Packaging keeps food enclosed and protected,
allowing for efficient distribution, cutting waste,
and improving the supply chain overall (Ashfaq et
al., 2022). Packaging
serves informative, marketing, and protective
purposes. Ingredient lists, nutritional information,
expiration dates, and preparation instructions are
among the pertinent product facts it offers to help
consumers make informed decisions. Packaging
also plays a significant role in brand identification
and marketing strategies (Wyrwa and Barska.,
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2017). Food product branding and market
positioning heavily rely on packaging since its
composition and appearance influence consumer
attitudes and buying decisions. For primary,
secondary, and tertiary packing, different materials
like glass, metal, wood, plastic, paper, or a
combination of materials have historically been
utilized. Each has advantages and disadvantages
with regard to cost, sustainability, and the
effectiveness of food preservation (Raheem et al.,
2014).
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Figure 1.1: Function of Food Packaging

As the food industry grows more complex and
globalized, the need for advanced packaging
solutions has become more pressing. The demand
for extended shelf lives, especially for perishable
products like fresh vegetables, dairy, and meats is
one of the primary stimulants (Flérez et al., 2022).
In addition to preserving food, cutting-edge
packaging technologies like active and intelligent
packaging also monitor and enhance food quality
throughout the supply chain, offering responses to
these problems. This helps reduce food waste and
ensures food safety, which is a significant concern

for both consumers and regulators (Chiu et al.,
2024).

The increasing focus on consumer
convenience and sustainability is another important
factor driving the demand for sophisticated
packaging. Eco-friendly packaging options are in
demand as the effects of plastic waste on the
environment become a global problem. Packaging's
environmental impact is being lessened by
innovations including recyclable, compostable, and
biodegradable materials (Jacobsen et al., 2022).
Concurrently, packaging is being developed to
provide  greater  functionality, such as
microwaveable containers, resealable pouches, and
smart packaging that can track the freshness and
quality of food. These developments meet the
demands of contemporary consumers who place a
high importance on food items' sustainability
(Thirupathi et al ., 2023).

A new field of study termed
nanotechnology deals with creating, modifying,
describing, and manufacturing materials at the
nanoscale (1-100 nm) (Phogat et al., 2018). When
it comes to improved food product preservation
and quality maintenance, edible coatings and
nanomaterials enhanced with nanoparticles are
superior to traditional packaging materials. By
enhancing the strength, durability, flexibility,
barrier, and reuse qualities of packaging polymers,

nanoparticles can alter their mechanical and
physical characteristics (Ashfaq et al., 2022).
Nanotechnology significantly enhances

food packaging by improving barrier properties,
mechanical strength, and antimicrobial
effectiveness. Incorporating Nano-materials such
as Nano-clays and Nano-polymers can create
packaging that is more resistant to gases, moisture,
and UV light, effectively preserving food quality
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and extending shelf life (Anjum et al., 2013).
Additionally, nanoparticles like silver or titanium
dioxide can be integrated into packaging materials
to provide antimicrobial properties, reducing the
risk of foodborne pathogens and ensuring safer
food consumption (Anvar et al., 2021).

Furthermore, nanotechnology  enables
the development of smart and active packaging
systems. These innovations can monitor food
freshness through embedded sensors that detect gas
emissions or pH changes, alerting consumers to
spoilage (Gupta et al., 2023). Active packaging can
also release natural preservatives to maintain food
quality over time. By combining these
advancements, nanotechnology not only enhances
food safety and longevity but also supports the
creation of biodegradable materials, contributing to
more sustainable packaging solutions in the food
industry (Arruda et al., 2022).
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Nanomaterials are increasingly being
utilized in food packaging to enhance safety,
quality, and shelf life.

2.1 Nanocomposites

Nanocomposites are new alternatives to traditional
methods of improving polymer properties (Pirsa et
al., 2022). Nanocomposites are materials formed
by combining a polymer matrix with nanoparticles,
which can include materials like clay, silica, or
carbon nanotubes. The addition of these
nanoparticles significantly enhances the properties
of the polymer, improving mechanical strength,
thermal stability, and barrier performance. For
instance, incorporating clay nanoparticles can
reduce the permeability of gases and moisture,
making the packaging more effective at protecting
food from spoilage (Shahbaz et al., 2024). These
enhancements allow for thinner packaging
materials that maintain durability and functionality,
thus reducing overall material usage and
environmental impact. Applications of
nanocomposites are widespread in various food
packaging forms, including films, containers, and
wraps, helping to extend the shelf life and quality
of food products (Alghamdi, 2022).

2.2 Nano-coatings

Nano-coatings are thin layers of Nano materials
applied to packaging surfaces. These coatings can
provide various benefits, including antimicrobial
properties, UV protection, and moisture resistance
(Olawore et al., 2024). For instance, coatings
containing silver nanoparticles are effective in
inhibiting bacterial growth, while those with
titanium dioxide can block UV light, preventing
degradation of both the packaging and the food
inside. This technology enhances food safety and
maintains product quality over time (Onyeaka et
al., 2022). In order to provide packaging materials
extra qualities, a very thin layer of nanomaterials is
applied to their surface. These coatings may
provide moisture resistance, UV protection, and
antibacterial properties (Shah et al., 2022). For
instance, it has been demonstrated that coatings
containing silver nanoparticles greatly improve
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food safety by preventing the growth of germs and
fungi. Another popular ingredient that offers UV
protection is titanium dioxide, which keeps the
food and packaging from deteriorating.
Furthermore, the packaging's mechanical qualities
can be enhanced by nanocoatings, increasing its
resistance to physical harm. Fresh produce and
other perishables that need prolonged protection
from environmental influences and microbiological
contamination benefit greatly from this method
(Zorraguin-Pena et al., 2020).

2.3 Nano-biosensors

Nano-biosensors are advanced devices that utilize
nanoscale materials to detect specific biological
markers in food products. These sensors can
identify pathogens, toxins, or spoilage indicators
with high sensitivity and specificity, allowing for
real-time monitoring of food safety (Kakimova et
al., 2023). For instance, employing carbon
nanotubes or gold nanoparticles in biosensors can
enhance their response times and detection limits,
making them invaluable tools in quality control
processes within the food supply chain (Malik et
al., 2023).

Moreover, the integration of nano-
biosensors into food packaging can lead to smart
packaging solutions that provide consumers with
instant feedback on the freshness and safety of
products (Bhatlawande et al., 2024). Such
innovations not only help in ensuring food safety
but also empower consumers to make informed
choices. The development of these sensors is
paving the way for the next generation of food
packaging, combining safety, convenience, and
sustainability (Hussain et al., 2024).

2.4 Nanoemulsions and Nanoparticles
Nanoemulsions are stable mixtures of oil and water

that are stabilized by surfactants at the nanoscale
typically ranging from 20 to 200 nanometers in

size. In food packaging, they can be utilized to
encapsulate flavors, vitamins, or preservatives,
providing controlled release and enhanced
bioavailability (Mushtaq et al., 2023). This
technology not only improves the sensory attributes
of food products but also extends their shelf life by
protecting sensitive compounds from degradation
(Allai et al., 2023).

Nanoparticles, such as those made from
chitosan or calcium carbonate, are also being
explored in food packaging for their unique
properties. They can enhance mechanical strength,
provide barrier functions, and even impart
antimicrobial effects to packaging materials
(Mujtaba et al., 2022). By leveraging the unique
characteristics of nanoparticles, manufacturers can
create innovative packaging solutions that meet the
evolving demands of consumers for freshness,
safety, and sustainability (Olawore et al., 2024).

3.1 Enhanced Barrier Properties:

Nanopackaging significantly improves barrier
properties compared to conventional materials. By
incorporating nanomaterials like nanoclays or
nanofibers, the permeability of packaging films to
gases, moisture, and light can be greatly reduced
(Chaudhary et al., 2020). This improvement is
essential for maintaining food products' freshness
and increasing their shelf life. For example,
improved oxygen barrier properties help prevent
oxidation, which can lead to rancidity in fats and
spoilage of perishable items. The nanostructured
materials create a more tortuous path for
permeants, effectively minimizing the transfer rates
and thus maintaining the quality of the packaged
food (Gumus and Decker, 2021).

Additionally, the improved barrier qualities
strengthen the packaging's overall mechanical
integrity and increase its resistance to physical
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damage (Bhowmik et al., 2024). This durability not
only protects the food during transportation and
handling but also reduces the risk of contamination.
As a result, the use of nanomaterials in food
packaging offers a dual advantage: better
protection for food products and a reduction in
food waste due to spoilage (Honarvar et al., 2016).

3.2 Antimicrobial Effects

One of the most significant benefits of
nanopackaging is its ability to provide
antimicrobial effects. Nanoparticles, such as silver,
zinc oxide, and chitosan, can be integrated into
packaging materials to inhibit the growth of
bacteria, molds, and yeasts (Suvarna et al., 2022).
These antimicrobial properties are vital for
extending the shelf life of food products by
preventing spoilage and foodborne illnesses. For
instance, silver nanoparticles release silver ions
that disrupt microbial cell membranes, effectively
killing or inhibiting pathogens (Bruna et al., 2021).

The incorporation of antimicrobial
nanoparticles also allows for active packaging
solutions, where the packaging material actively
interacts with the food to enhance safety (Suvarna
et al., 2022). This can be particularly beneficial for
high-risk foods, such as meats and dairy products,
which are more susceptible to microbial
contamination. As a result, nanopackaging not only
helps in maintaining the quality of food but also
contributes to consumer safety by reducing the risk
of foodborne diseases (Anvar et al., 2021).

3.3 Active and Intelligent Packaging

Innovative uses of nanopackaging that
improve food safety and quality monitoring include
active and intelligent packing systems. Active
packaging involves the integration of substances
that actively interact with the food or its
environment to improve preservation (Rao et al.,
2024). For example, packaging can be designed to

release antioxidants or preservatives in response to
certain conditions, thereby actively extending the
product's shelf life (Fadiji et al., 2023).

Intelligent packaging, on the other hand,
incorporates sensors and indicators that provide
real-time information about the food’s condition.
This can include freshness indicators that change
color when food spoils or gas sensors that monitor
the levels of oxygen or carbon dioxide inside the
packaging (Chiu et al., 2024). By utilizing
nanosensors, these intelligent systems can provide
valuable information to  consumers and
manufacturers alike, helping to ensure food safety
and reduce waste. Together, active and intelligent
nanopackaging represents a leap forward in food
packaging  technology, offering  enhanced
protection, safety, and convenience (Biswas et al.,
2022).

4.1 Biodegradable Nanomaterials

Biodegradable nanomaterials are an essential
aspect of sustainable nanopackaging, as they offer
an eco-friendly alternative to traditional petroleum-
based plastics (El-Sayed and Youssef, 2023). These
materials can be derived from renewable sources,
such as starch, chitosan, and polylactic acid (PLA),
and are designed to break down naturally in the
environment. By incorporating nanomaterials into

biodegradable  polymers, manufacturers can
enhance their mechanical properties, barrier
functions, and overall performance without

compromising biodegradability (Zhao et al., 2023).
This innovation helps mitigate the environmental
issues associated with plastic waste, as these
materials can decompose into harmless byproducts
under appropriate conditions (Song et al., 2009).

The use of biodegradable nanomaterials in
food packaging not only addresses waste
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management challenges but also aligns with
consumer demand for sustainable products. As
awareness of environmental issues grows,
consumers are increasingly seeking packaging
solutions that are not only functional but also
environmentally responsible (Siddiqui et al., 2022).
Biodegradable nanopackaging can contribute to a
circular economy by reducing reliance on fossil
fuels and minimizing pollution, making it a vital
component in the quest for sustainable food
systems (Hussain et al., 2024).

4.2 Reduction of Food Waste

Nanopackaging technologies play a crucial role in
reducing food waste throughout the supply chain.
By enhancing barrier properties and providing
antimicrobial effects, nanopackaging extends the
shelf life of perishable food products, thus
minimizing spoilage (Sousa et al ., 2023). For
instance, improved oxygen and moisture barriers
prevent the deterioration of foods, while
antimicrobial features help inhibit the growth of
pathogens. As a result, consumers can enjoy
fresher products for longer periods, reducing the
likelihood of discarded items (chawla et al., 2021).

Moreover, the integration of smart
packaging solutions, such as freshness indicators
and sensors, enables better monitoring of food
conditions (Yousefi et al, 2019). These
technologies provide real-time information on the
freshness and safety of food, helping consumers
make informed decisions about when to consume
products. By addressing both the physical
preservation of food and the psychological factors
related to perceived freshness, nanopackaging
contributes significantly to reducing food waste at
various stages, from production and distribution to
retail and home consumption (Khillare and
Chilkhalikar, 2022).

5.1 Safety Assessments :
Safety assessments are critical for the approval and

use of nanopackaging materials in the food
industry. Given  the unique  properties  of
nanomaterials,  regulatory  agencies  require

comprehensive evaluations to ensure that these
materials do not pose health risks to consumers
(Wang et al., 2021). Safety assessments typically
include toxicological studies that evaluate the
potential for exposure to nanoparticles, their
interactions with food products, and any possible
adverse effects on human health. This process often
involves in vitro and in vivo studies to assess
cytotoxicity, genotoxicity, and bioaccumulation
(Xuan et al., 2020).

Furthermore, safety assessments must
consider the long-term effects of using
nanoparticles in food packaging, including their
behavior during the entire lifecycle—from
production to disposal. Regulatory agencies like
the U.S. Food and Drug Administration (FDA) and
the European Food Safety Authority (EFSA) have
established guidelines that manufacturers must
follow to demonstrate that their nanopackaging
materials are safe for intended use (Kumari et al.,
2023). Ongoing monitoring and post-market
surveillance are also essential to ensure that any
emerging safety concerns are promptly addressed
(Kingston et al., 2023).

5.2 Compliance with Food Safety Standards :

Compliance with food safety standards is
paramount for the successful integration of
nanopackaging in the food industry (Ahmad et al.,
2023). Regulatory frameworks are in place to
ensure that packaging materials meet specific
criteria  regarding  safety, efficacy, and
environmental impact. These standards dictate the
permissible levels of migration of substances from
packaging into food, the use of approved materials,
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and labeling requirements that inform consumers
about the presence of nanomaterials (Nguyen et al.,
2024). Manufacturers must
navigate various regulations depending on the
region and the type of packaging used. In the
European Union, for instance, the regulation on
materials intended to come into contact with food
(Regulation (EC) No 1935/2004) outlines the
safety requirements for food contact materials,
including those containing nanomaterials (Grob,
2019). Similarly, in the U.S., the FDA evaluates
new packaging materials for safety under the
Federal Food, Drug, and Cosmetic
Act. Compliance not only ensures consumer safety
but also fosters trust and transparency, which are
vital for the acceptance of nanopackaging
technologies in the marketplace (Bukht, 2016).

6.1 Innovations on the Horizon

The future of nanopackaging in the food
industry is poised for exciting innovations driven
by advancements in nanotechnology and material
science. One significant trend is the development
of smart packaging systems that incorporate
advanced sensors and 0T (Internet of Things)
capabilities. These systems will provide real-time
monitoring of food conditions, offering insights
into freshness, temperature, and even potential
spoilage. Such innovations will enhance food
safety and reduce waste by allowing consumers
and retailers to make informed decisions about
product quality. Another promising area is
the exploration of bio-based nanomaterials that not
only meet performance standards but are also
derived from renewable resources. Researchers are
increasingly focused on creating biodegradable
nanocomposites that can maintain the functional
benefits of traditional plastics while being
environmentally friendly. Additionally, the use of

nanotechnology to create active packaging that can
respond dynamically to changes in the
environment—such as releasing preservatives
when needed or absorbing ethylene gas—will
likely become more prevalent, further enhancing
the efficiency and sustainability of food packaging.

6.2 Consumer Acceptance and Market Trends :

Consumer acceptance is a critical factor that will
shape the future of nanopackaging in the food
industry. As awareness of environmental issues
grows, consumers are becoming more discerning
about the products they purchase, including
packaging. There is a rising demand for sustainable
and safe packaging solutions that minimize
environmental impact while ensuring food quality.
Educating consumers about the benefits and safety
of nanopackaging will be essential for fostering
acceptance. Market trends indicate a shift towards
transparency and sustainability, with consumers
increasingly interested in the origin and safety of
the materials used in food packaging. Brands that
successfully communicate their use of innovative
and environmentally friendly packaging solutions
are likely to gain a competitive edge. However,

challenges  remain, such as overcoming
misconceptions  about  nanotechnology  and
addressing concerns related to safety and

environmental impact. As manufacturers navigate
these challenges, continued investment in research,
development, and consumer education will be key
to the widespread adoption of nanopackaging
technologies in the food sector.

7.1 Summary of Advances in Nanopackaging

Recent advancements in nanopackaging
have transformed the food industry by enhancing
the functionality and sustainability of packaging
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materials. The integration of nanomaterials has led
to significant improvements in barrier properties,
allowing for better protection against moisture,
gases, and light, thereby extending the shelf life of
food products. Additionally, the incorporation of
antimicrobial nanoparticles has improved food
safety by inhibiting the growth of harmful
microorganisms. The development of active and
intelligent packaging solutions further enhances the
ability to monitor food quality and freshness,
providing valuable information to both consumers
and manufacturers. Moreover, the
emphasis on biodegradable nanomaterials reflects a
growing commitment to sustainability. These
innovations not only address environmental
concerns but also align with consumer demand for
eco-friendly packaging solutions. As a result,
nanopackaging represents a comprehensive
approach to improving food safety, reducing waste,
and enhancing the overall consumer experience.

Implications for the Future of Food Packaging

The implications of these advances in
nanopackaging are profound, signaling a shift
towards smarter, safer, and more sustainable food
packaging solutions. As technology continues to
evolve, we can expect further innovations that will
enhance the capabilities of packaging materials,
such as improved smart packaging that actively
responds to food conditions and better integration
with  supply chain  monitoring  systems.
However, for these innovations to reach their full
potential, addressing regulatory considerations and
ensuring consumer acceptance will be crucial.
Continued research, development, and education
will help mitigate concerns regarding safety and
environmental impact, paving the way for broader
adoption  of  nanopackaging  technologies.
Ultimately, the future of food packaging lies in
leveraging the benefits of nanotechnology to create

solutions that not only protect food but also
promote sustainability and consumer trust.

We would like to acknowledge that Srushti Joshi,
Sumeet Jani and Bhavesh Jani contributed equally
to this work. Their collaborative efforts in
research, writing, and editing were instrumental in
the development of this review paper. Special
thanks to our head of the Department Er. Bhavesh
Jani for their guidance and valuable feedback
throughout the preparation of this manuscript. We
also acknowledge the support of Sardar
Krushinagar Dantiwada Agriculture University |,
which made this review possible.

Ahmad, A., Qurashi, A., and Sheehan, D. (2023).
Nano packaging—Progress and future perspectives
for food safety, and sustainability. Food Packaging
and Shelf Life. 35: 100997.

Alamri, M. S., Qasem, A. A., Mohamed, A. A,
Hussain, S., Ibraheem, M. A., Shamlan, G., and
Qasha, A. S. (2021). Food packaging’s materials:
A food safety perspective. Saudi Journal of
Biological Sciences. 28(8): 4490-4499.

Alghamdi, S. (2022). Nanomaterial in food
packaging: A comprehensive review. Journal of
Nanomaterials.

Allai, F. M., Azad, Z. A. A., Mir, N. A,, and Gul,
K. (2023). Recent advances in non-thermal
processing technologies for enhancing shelf life
and improving food safety. Applied Food
Research. 3(1): 100258.

Amit, S. K., Uddin, M. M., Rahman, R., Islam, S.
R., and Khan, M. S. (2017). A review on
mechanisms and commercial aspects of food
preservation and processing. Agriculture and Food
Security. 6: 1-22.

126



BioThink, Vol -1, Issue -2
e- ISSN: 3048-7943

Anjum, A., Garg, R., Kashif, M., Eddy, N. O.
(2023). Nano-scale innovations in packaging:
Properties, types, and applications of nanomaterials
for the future. Food Chemistry Advances. 100560.

Anvar, A. A., Ahari, H., and Ataee, M. (2021).
Antimicrobial properties of food nanopackaging: A
new focus on foodborne pathogens. Frontiers in
microbiology. 12: 690706.

Anvar, A. A., Ahari, H., and Ataee, M. (2021).
Antimicrobial properties of food nanopackaging: A
new focus on foodborne pathogens. Frontiers in
microbiology. 12: 690706.

Arruda, T. R., Bernardes, P. C., e Moraes, A. R. F.,
and Soares, N. D. F. F. (2022). Natural bioactives
in perspective: The future of active packaging
based on essential oils and plant extracts
themselves and those complexed by
cyclodextrins. Food Research International. 156:
111160.

Ashfag, A., Khursheed, N., Fatima, S., Anjum, Z.,
Younis, K. (2022). Application of nanotechnology
in food packaging: Pros and Cons. Journal of
Agriculture and Food Research. 7: 100270.

Ashfag, A., Khursheed, N., Fatima, S., Anjum, Z.,
and Younis, K. (2022). Application of
nanotechnology in food packaging: Pros and
Cons. Journal ~ of  Agriculture and Food
Research. 7:100270.

Bhatlawande, A. R., Ghatge, P. U., Shinde, G. U.,
Anushree, R. K., and Patil, S. D. (2024). Unlocking
the future of smart food packaging: biosensors,
IoT, and nano materials. Food Science and
Biotechnology. 33(5): 1075-1091.

Bhowmik, S., Agyei, D., and Ali, A. (2024).
Enhancement of mechanical, barrier, and functional
properties of chitosan film reinforced with

glycerol, COS, and gallic acid for active food
packaging. Sustainable Materials and
Technologies. 41: e01092.

Biswas, R., Alam, M., Sarkar, A., Haque, M. I.,
Hasan, M. M., and Hoque, M. (2022). Application
of  nanotechnology in food:  processing,
preservation, packaging and safety
assessment. Heliyon. 8(11).

Bruna, T., Maldonado-Bravo, F., Jara, P., and
Caro, N. (2021). Silver nanoparticles and their
antibacterial applications. International journal of
molecular sciences. 22(13): 7202.

Bukht, R. (2016). Responsibility, Regulation and
the Construction of Markets of Nanotechnologies
in Food and Food Packaging: The Cases of
Canada and India. The University of Manchester
(United Kingdom).

Chaudhary, P., Fatima, F., and Kumar, A. (2020).
Relevance of nanomaterials in food packaging and
its advanced future prospects. Journal of inorganic
and organometallic polymers and
materials. 30(12): 5180-5192.

Chawla, R., Sivakumar, S., and Kaur, H. (2021).
Antimicrobial edible films in food packaging:
Current scenario and recent nanotechnological
advancements-a review. Carbohydrate Polymer
Technologies and Applications. 2: 100024.

Chiu, 1., Ye, H., Aayush, K., and Yang, T. (2024).
Intelligent food packaging for smart sensing of
food safety. Advances in Food and Nutrition
Research. 111: 215-259.

Clodoveo, M. L., Tarsitano, E., Crupi, P., Pasculli,
L., Piscitelli, P., Miani, A., and Corbo, F. (2022).
Towards a new food labelling system for
sustainable  food production and healthy
responsible  consumption: The Med Index

127



e- ISSN: 3048-7943

Checklist. Journal of Functional Foods. 98:

105277.

de Sousa, M. S., Schlogl, A. E., Estanislau, F. R.,
Souza, V. G. L., dos Reis Coimbra, J. S., and
Santos, I. J. B. (2023). Nanotechnology in
packaging for food industry: Past, present, and
future. Coatings: 13(8): 1411.

El-Sayed, S. M., & Youssef, A. M. (2023). Eco-
friendly biodegradable nanocomposite materials
and their recent use in food packaging applications:
a review. Sustainable Food Technology. 1(2): 215-
2217.

Fadiji, T., Rashvand, M., Daramola, M. O., and
Iwarere, S. A. (2023). A review on antimicrobial
packaging for extending the shelf life of
food. Processes, 11(2), 590.

Flérez, M., Guerra-Rodriguez, E., Cazon, P., and
Vézquez, M. (2022). Chitosan for food packaging:
Recent advances in active and intelligent
films. Food Hydrocolloids. 124: 107328.

Grob, K. (2019). The role of the European Food
Safety Authority (EFSA) in a better European
regulation of food contact materials—some
proposals. Food Additives & Contaminants: Part
A. 36(12): 1895-1902.

Gumus, C. E., and Decker, E. A. (2021). Oxidation
in low moisture foods as a function of surface
lipids and fat content. Foods, 10(4), 860.

Gupta, R. K., Abd EI Gawad, F., Ali, E. A,
Karunanithi, S., Yugiani, P., and Srivastav, P. P.
(2023). Nanotechnology: Current applications and
future scope in food packaging
systems. Measurement: Food. 100131.

Honarvar, Z., Hadian, Z., Mashayekh, M. (2016).
Nanocomposites in food packaging applications

and their risk assessment for health. Electronic
physician. 8(6): 2531.

Hussain, S., Akhter, R., & Maktedar, S. S. (2024).
Advancements in sustainable food packaging: from
eco-friendly materials to innovative
technologies. Sustainable Food Technology. 2(5):
1297-1364.

Jacobsen, L. F., Pedersen, S., and Thggersen, J.
(2022). Drivers of and barriers to consumers’
plastic packaging waste avoidance and recycling-A
systematic literature review. Waste
Management. 141: 63-78.

Kakimova, Z., Orynbekov, D., Zharykbasova, K.,
Kakimov, A., Zharykbasov, Y., Mirasheva, G., and
Ntsomboh Ntsefong, G. (2023). Advancements in
nano bio sensors for food quality and safety
assurance-a review. Slovak Journal of Food
Sciences/Potravinarstvo. 17(1).

Khillare, R. S., and Chilkhalikar, A. D. (2022).
Food Safety Measures for Monsoon. Agriculture
and Food E-Newsletter. 8(2): 7.

Kingston, R., Sioris, K., Gualtieri, J., Brutlag, A.,
Droege, W., and Osimitz, T. G. (2021). Post-

market surveillance of consumer products:
framework for adverse event
management. Regulatory toxicology and

pharmacology. 126: 105028.

Malik, S., Singh, J., Goyat, R., Saharan, Y.
Chaudhry, V., Umar, A., and Baskoutas, S. (2023).
Nanomaterials-based biosensor and  their
applications: A review. Heliyon.

Mujtaba, M., Lipponen, J., Ojanen, M., Puttonen,
S., and Vaittinen, H. (2022). Trends and challenges
in the development of bio-based barrier coating
materials for paper/cardboard food packaging; a

128

BioThink, Vol -1, Issue -2



BioThink, Vol -1, Issue -2
e- ISSN: 3048-7943

review. Science of the total environment. 851:

158328.

Mushtag, A., Wani, S. M., Malik, A. R., Gull, A.,
Ramniwas, S., Nayik, G. A., and Bari, A. (2023).
Recent insights into Nanoemulsions: Their
preparation, properties and applications. Food
Chemistry: X, 18, 100684.

Nguyen, P. M., Berrard, C., Daoud, N., Saillard, P.,
Peyroux, J., and Vitrac, O. (2024). Assessment of
chemical risks and circular economy implications
of recycled PET in food packaging with functional
barriers. Resources, Environment and
Sustainability: 17: 100163.

Olawore, O., Ogunmola, M., and Desai, S. (2024).
Engineered nanomaterial coatings for food
packaging: design, manufacturing, regulatory, and
sustainability implications. Micromachines. 15(2):
245.

Olawore, O., Ogunmola, M., and Desai, S. (2024).
Engineered nanomaterial coatings for food
packaging: design, manufacturing, regulatory, and
sustainability implications. Micromachines. 15(2):
245.

Onyeaka, H., Passaretti, P., Miri, T., and Al-
Sharify, Z. T. (2022). The safety of nanomaterials
in food production and packaging. Current
Research in Food Science. 5: 763-774.

Phogat, N., Kohl, M., Uddin, I., and Jahan, A.
(2018). Interaction of nanoparticles  with
biomolecules, protein, enzymes, and its
applications. In Precision Medicine (pp. 253-276).
Academic Press.

Pirsa, S., Sani, I. K., and Mirtalebi, S. S. (2022).
Nano-biocomposite  based  color  sensors:
Investigation  of  structure, function, and

applications in intelligent food packaging. Food
Packaging and Shelf Life. 31:100789.

Raheem, A. R., Vishnu, P. A. R. M. A. R., and

Ahmed, A. M. (2014). Impact of product
packaging on consumer’s buying
behavior. European  journal of  scientific

research. 122(2): 125-134.

Rao, M. M., Mohammad, N., Banerjee, S., and
Khanna, P. K. (2024). Synthesis and Food
Packaging Application of Silver Nano-Particles: A
Review. Hybrid Advances. 100230.

Shah, M. A., Pirzada, B. M., Price, G., Shibiru, A.
L., and Qurashi, A. (2022). Applications of
nanotechnology in smart textile industry: A critical
review. Journal of Advanced Research. 38: 55-75.

Shahbaz, M., Naeem, H., Murtaza, S., Ul-Huda, N.,
Tayyab, M., Hamza, A., & Momal, U. (2024).
Application of starch as an active ingredient for the
fabrication of nanocomposite in food packaging.
In Starch Based Nanomaterials for Food
Packaging (pp. 161-208). Academic Press.

Siddiqui, S. A., Zannou, O., Bahmid, N. A., Fidan,
H., Alamou, A. F., Nagdalian, A. A., and Arsyad,
M. (2022). Consumer behavior  towards
nanopackaging-A new trend in the food
industry. Future Foods. 6: 100191.

Song, J. H., Murphy, R. J., Narayan, R., and
Davies, G. B. H. (2009). Biodegradable and
compostable  alternatives to  conventional
plastics. Philosophical transactions of the royal
society B: Biological sciences. 364(1526): 2127-
2139.

Suvarna, V., Nair, A., Mallya, R., Khan, T., and
Omri, A. (2022). Antimicrobial nanomaterials for
food packaging. Antibiotics. 11(6): 729.

129



BioThink, Vol -1, Issue -2
e- ISSN: 3048-7943

Suvarna, V., Nair, A., Mallya, R., Khan, T., and
Omri, A. (2022). Antimicrobial nanomaterials for
food packaging. Antibiotics. 11(6): 729.

Thirupathi Vasuki, M., Kadirvel, V., & Pejavara
Narayana, G. (2023). Smart packaging—An
overview of concepts and applications in various
food industries. Food Bioengineering, 2(1), 25-41.

Wohner, B., Pauer, E., Heinrich, V., and Tacker,
M. (2019). Packaging-related food losses and
waste: an overview of drivers and
issues. Sustainability. 11(1): 264.

Wyrwa, J., and Barska, A. (2017). Packaging as a
source of information about food
products. Procedia Engineering. 182: 770-779.

Yousefi, H., Su, H. M., Imani, S. M., Alkhaldi, K.,
M. Filipe, C. D., and Didar, T. F. (2019).
Intelligent food packaging: A review of smart
sensing technologies for monitoring food
quality. ACS sensors. 4(4): 808-821.

Yuvaraj, D., lyyappan, J., Gnanasekaran, R.,
Ishwarya, G., Harshini, R.P., Dhithya, V.
Chandran, M., Kanishka, V. and Gomathi, K.,
2021. Advances in bio food packaging—An
overview. Heliyon. 7(9).

Zhao, X., Wang, Y., Chen, X., Yu, X., Li, W,
Zhang, S., Meng, X., Zhao, Z.M., Dong, T.
Anderson, A. and Aiyedun, A., (2023). Sustainable
bioplastics derived from renewable natural
resources for food packaging. Matter. 6(1): 97-127.

Zorraquin, ., Cueva, C., Bartolomé, B., and
Moreno-Arribas, M. V. (2020).  Silver
nanoparticles against foodborne bacteria. Effects at
intestinal level and health
limitations. Microorganisms. 8(1): 132.

130



