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Abstract 
Nanotechnology is revolutionizing the food sector by introducing innovative solutions that improve 
safety, quality, and food security. Advanced food items and packaging solutions can be developed 
because of this technology, which manipulates materials at the nanoscale (1 to 100 nanometers). Us-
ing nanoparticles for antibacterial purposes, extending food products' shelf lives, and boosting nutri-
ent delivery through nano-encapsulation are some of the main uses. Strong antibacterial qualities are 
exhibited by nanomaterials like titanium dioxide, zinc oxide, and silver, which successfully stop the 
growth of bacteria and spoiling organisms. Nanosensors are also used to monitor food safety and 
quality in real time, enabling the early identification of pollutants and spoiling. Nanotechnology im-
proves barrier qualities in food packaging, guaranteeing that food keeps its sensory qualities while 
being safe and fresh for extended periods of time. Despite the promising benefits, the application of 
nanotechnology in food production raises concerns regarding potential toxicity and environmental 
concerns, necessitating safety monitoring and regulatory ethics. As research progresses, the integra-
tion of nanotechnology in the nutrition field keeps the chance to significantly improve food security 
and sustainability, addressing global oppositions concerning the food safety and supply. This ab-
stract highlights the transformative role of nanotechnology in the food production field, emphasizing 
its applications, convenience, and the challenges that must be labeled for its responsible use. This 
article mentioned also the concerns surrounding the application of nanotechnology in food, specifi-
cally focusing on the potential adverse effects of inorganic nanomaterials on consumer health, as 
highlighted by international authorities, agencies and the organizations concerned with food safety. 
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Introduction 
Organic nanotechnology using organic nano-
particles is increasingly recognized as a pivotal 
innovation in the food production sector, par-
ticularly in the fields of food preservation, pro-
cessing, packaging, and antimicrobial applica-
tions. By manipulating materials at the na-
noscale (1 to 100 nanometers), nanotechnology 
enhances the sensory and chemical valuables 
of food products, believed to be a new technol-
ogy to improve safety, productivity, quality, 
and economy. This technology integrates vari-
ous scientific disciplines, including physics, 

chemistry, and biology, to create nanomaterials 
that exhibit unique characteristics, such as in-
creased surface area and enhanced reactivity, 
which are essential for effective food preserva-
tion Biswas et al. (2022). 
Through manipulating the structure and quali-
ties of materials at this length scale, the food 
industry can employ these new technologies to 
track safety, improve shelf life, enhance flavor, 
improve food quality, and increase nutritional 
advantages Onyeaka et al. (2022). 
For satisfying the expanding food demands, 
there must be a significant increase in agricul-

mailto:shaimaatony35@gmail.com


108 

Animal Health  Research Journal Vol. 10, No. 1, March 2025                                                    Nariman et al.                  

tural output worldwide. The need for more 
food is continuously growing, and some re-
searchers are focusing on using nanotechnolo-
gy from their observations and believing that it 
will boost agricultural produce in places where 
traditional approaches fall short Mariyam et 
al. (2024).  
Moreover, the nanotechnology application in 
food production allows for the development of 
nanoemulsions and nanocapsules that improve 
the accessibility and nutrient supply and bioac-
tive substances. These innovations not only 
enhance the nutritional profile of food products 
but also preserve their sensory qualities, such 
as taste and texture Neme et al. (2021). 
In the realm of food packaging, nanotechnolo-
gy offers solutions that create active packaging 
systems capable of interacting with the food 
environment. These systems can release anti-
microbial agents or absorb spoilage gases, 
thereby maintaining the freshness of food 
items. The use of nanocomposite materials in 
packaging has proven effective in providing 
barriers against moisture and oxygen, which 
are critical factors in food degradation Gupta 
et al. (2024) 
Because it improves the efficiency of food sup-
ply chains and reduces food waste, nanotech-
nology is thought to have numerous benefits 
when included into food systems. The signifi-
cance of nanotechnology in resolving customer 
concerns about food safety and quality is ex-
pected to grow as public knowledge of these 
issues rises, opening the door for creative solu-
tions in the food sector Sadeghi et al. (2017). 
In food preservation, nanotechnology introduc-
es advanced methods to hinder microbial mul-
tiplication and expand the storage time of per-
ishable food items. Food packaging materials 
contain nanoparticles, like silver and zinc NPs, 
which have antibacterial properties and effi-
ciently lower contamination and spoiling. 
These nanoparticles generate ROS, reactive 
oxygen species, that can break down the bacte-
rial DNA and proteins, thereby preventing the 
proliferation of pathogens and enhancing food 
safety Ansari (2023). 
In conclusion, there are several benefits to us-
ing nanotechnology in food processing, preser-
vation, and packaging, especially when it 
comes to improving antibacterial qualities and 
prolonging shelf life.  

We would like to note the concerns of the Eu-
ropean Food Safety Authority EFSA (2021) 
about the potential risk to the health and safety 
of consumers from consuming foods to which 
those inorganic nanoparticles are added which 
previously mentioned in this article and the 
requirements that would prove whether or not 
there is harm to consumer or not.  
However, because nanoparticles may migrate 
into food, the safety of using nanotechnology 
in packaging is complicated. Both the environ-
ment and human health may be at risk from 
nanostructure. The laws pertaining to packag-
ing for nanotechnology differ greatly between 
the consumer Ganeson et al. (2023) and 
Singh et al. (2023).  
 
Nanotechnology for food security, safety 
and productivity 
To guarantee global food security, technology 
that boosts productivity while reducing food 
waste is required. Lately, nanotechnology has 
enabled the production of new items that aid in 
agriculture and an increase in the availability 
of food. This is particularly deserving when it 
comes to optimizing food production through 
pest control, keeping nutritional value as well 
as lowering fertilizer losses Sadeghi et al. 
(2017). 
More food must be produced due to the global 
population expansion, which means food quali-
ty regulations must be tightened. Some of the 
quality control tests that are now in use suffer 
from low sensitivity and undesirable detection 
constraints, which calls for the development of 
novel solutions to these issues FAO (2017). 
While this phenomenon is common in some 
developing countries, the situation in Egypt, 
particularly in research centers, is distinct. 
These research centers, such as the Animal 
Health Research Institute, have the necessary 
capabilities and accredited according to ISO 
17025 stanards for testing and calibration la-
boratories, ensuring the guaranteeing the quali-
ty and safety of their food testing procedures. 
Additionally, it can be used to enhance food 
processing, offer nanotechnology-based tech-
niques for detecting and averting food spoil-
age, enhance the flavor and taste of newly de-
veloped food products, and increase the shelf 
life of already existing food materials Rizvi et 
al. (2022). 
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Nowadays, nanotechnology is seen as a devel-
oping field in almost every aspect of science 
drawing and being used extensively. Some of 
the primary applications of nanotechnology 
include food with nanoparticles packaging pro-
cesses, the use of nano biosensors to identify 
infections and toxins, and the modification of 
food-related surfaces in nanoscale dimensions 
to prevent pathogen adherence and contamina-
tion Dadmehr et al. (2022). 
One of the major supplications of nanotechnol-
ogy in agriculture industry is the development 
of nanofertilizers and nanopesticides. These 
innovations enable more efficient nutrient de-
livery and pest control, reducing the volume of 
chemicals required while maximizing their ef-
fectiveness. For instance, nanofertilizers can 
provide controlled and targeted release of nu-
trients, minimizing losses and enhancing crop 
uptake, which is essential for improving soil 
fitness and reducing adverse ecological im-
pact. Similarly, nanopesticides can offer pre-
cise pest management control, thereby decreas-
ing the reliance on conventional chemical pes-
ticides that often lead to soil and water contam-
ination Xiaojia et al. (2019). 
In addition to enhancing productivity through 
better nutrient and pest management, nanotech-
nology also facilitates precision agriculture. 
This approach utilizes nanosensors to monitor 
soil conditions, crop health, and environmental 
parameters in real-time. By providing accurate 
data on moisture levels, nutrient availability, 
and pest infestations, these sensors enable 
farmers to make informed decisions, optimiz-
ing resource use and improving crop 
yields. Moreover, nanotechnology can aid in 
the genetic modification of crops, allowing for 
the development of varieties that are more re-
silient to diseases and environmental stressors 
Zain et al. (2023). 
Although GMF has many benefits, potential 
risks had been recorded Alliance for Biointeg-
rity, key FDA documents (2004); Schmidt, 
(2005) such as: 
 
Allergic reactions: There is a concern that 
GM foods could introduce new allergens or 
transfer existing allergens to new foods, poten-
tially triggering allergic or toxic reactions in 
sensitive individuals.  

Gene transfer: Some worry that genes from 
GM crops could transfer to bacteria in the hu-
man gut, potentially leading to antibiotic re-
sistance or other health problems. 
Unknown long-term effects: Because GM 
technology is relatively new; there are con-
cerns about potential long-term health effects 
that may not be immediately apparent. 
Increased pesticide use: Some GM crops are 
engineered to be resistant to herbicides, leading 
to concerns about increase use of these chemi-
cals and their potential impact on human 
health. 
Cross-pollination between GM crops and con-
ventional breeding is also an issue of debate. 
 
Refining oil destroys DNA, the genetic mate-
rial of plants. Therefore, the use of plant engi-
neering is not detectable in oils after refine-
ment. 
Additionally, by lowering post-harvest losses, 
the use of nanotechnology in agriculture pro-
motes food security. By extending the shelf life 
of food items, nanomaterials can be used in 
packaging solutions to reduce waste and pro-
vide a more dependable food supply. This is 
especially important in areas where food sup-
ply networks could be disrupted Wahab et al. 
(2024). 
Despite the promising benefits, the adoption of 
nanotechnology in agriculture must be ap-
proached with caution. Concerns regarding the 
safety and environmental impact of nano-
materials necessitate thorough research and 
regulatory oversight to ensure that these tech-
nologies do not pose risks to human health or 
ecosystems Dhall et al. (2024). 
On the other hand, one of the other goals of 
nanotechnology applications in animal nutri-
tion is the formulation of nanofeed, which in-
corporates nanoparticles to enhance nutrient 
delivery and absorption. Nanoparticles can im-
prove the bioavailability of essential minerals 
and vitamins, leading to better growth rates 
and overall health improvement of livestock. 
For example, nano-minerals have been shown 
to enhance digestive efficiency and immunity, 
resulting in keeping the quality of meat, milk, 
and eggs. This targeted approach allows for 
lower feed intake while maximizing their ef-
fectiveness, which is particularly beneficial for 



110 

Animal Health  Research Journal Vol. 10, No. 1, March 2025                                                    Nariman et al.                  

livestock and poultry production Gelaye 
(2023). 
Additionally, nanotechnology facilitates the 
development of nanosensors and nanobiosen-
sors that can monitor animal health in real-
time. These devices can detect pathogens, 
monitor vital signs, and assess environmental 
conditions, enabling farmers to make informed 
decisions and intervene promptly when health 
issues arise. This level of precision in monitor-
ing contributes to better disease management 
and reduced mortality rates among livestock, 
ultimately enhancing food security by ensuring 
a stable supply of animal products Miguel-
Rojas and Pérez-de-Luque (2023). 
Moreover, nanotechnology plays a critical role 
in disease prevention and treatment. Nanoparti-
cles can be utilized in vaccines and drug deliv-
ery systems that target specific pathogens, im-
proving the efficacy of treatments while mini-
mizing side effects. For instance, silver nano-
particles have demonstrated antimicrobial 
properties that can be advantageous in reduc-
ing infections in poultry and other live-
stock. This capability is crucial for maintaining 
animal health and productivity, particularly in 
intensive farming systems where disease out-
breaks can have devastating impacts on food 
supply Patra et al. (2018). 
 
Using nanotechnology in food processing 
Many food sectors are searching for novel 
ways to enhance food safety, quality, and nu-
tritional value. Nanotechnology, which in-
cludes NPs, nano-encapsulation, and nano-
based food additives, is being teste for use in 
the processing and production of food Singh et 
al. (2023). 
Because it makes it possible to create 
nanostructured food ingredients that improve 
taste, texture, and nutritional value, nanotech-
nology is essential to food processing. For ex-
ample, to better distribute bioactive chemicals 
and increase their stability and bioavailability, 
nano-encapsulation techniques are used. This 
process makes it possible for nutrients and ad-
ditives to be released gradually, guaranteeing 
their effectiveness for the duration of the 
product's shelf life (Chudasama and Goyary, 
2024). 
Additionally, nanomaterials can make the sen-
sory parameters of food better, masking unde-

sirable flavors or odors and enhancing overall 
consumer acceptance. For example, nanocom-
posite coatings can be used to create active 
packaging that not only extends the shelf life 
of food products but also provides real-time 
monitoring of freshness by changing color in 
response to temperature variations (Onyeaka 
et al., 2022).  
One important technology is nano-
encapsulation, which entails enclosing active 
substances in nanocarriers. This procedure im-
proves the stability of delicate substances, like 
vitamins and antioxidants, shielding them from 
deterioration throughout storage and pro-
cessing. Functional meals and nutraceuticals 
benefit greatly from the controlled release of 
the encapsulated chemicals, which enables the 
targeted distribution of components that pro-
mote health (Biswas et al., 2022). 
For instance, it has been demonstrated that li-
pid-based nano-encapsulation programs, 
nanoliposomes, greatly increase the solubility 
and availability of many nutrients and active 
principles. To improve the functional perfor-
mance of food items, these programs may also 
be made to release their contents in reaction to 
particular triggers, including temperature or pH 
changes Ashfaq et al. (2023). 
Nano-based food additives are increasingly 
being comprised into food items to improve 
their safety and quality. These additives can 
include antimicrobial agents, antioxidants, and 
preservatives that are engineered at the na-
noscale to improve their effectiveness. For ex-
ample, Because of their well-known antibacte-
rial qualities, silver nanoparticles are employed 
in food packaging to prevent the growth of in-
fections and spoilage organisms, increasing the 
keeping quality of food items. 
As previously mentioned, citing scientific ref-
erences and the findings of technical commit-
tees of food safety organizations, there is a 
need for further studies on the risk assessment 
of using inorganic nanoparticles on human 
health before widespread use in food pro-
cessing is approved. 
Food packaging materials' barrier qualities can 
be improved by nanocoatings, which lower the 
permeability of moisture and gases like carbon 
dioxide and oxygen. By reducing spoilage and 
preserving freshness, this helps food products 
last longer on the market. Furthermore, the 
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growth of bacteria, fungus, and viruses on food 
surfaces can be prevented by adding antimicro-
bial nanoparticles (such as silver, zinc oxide, 
and titanium dioxide) to food coatings. This 
lowers the chance of foodborne infections and 
enhances food safety Ansari (2023). 
An appropriate nanocomposite film for acidic 
food under higher pressure handling proce-
dures was suggested by a study that examined 
the poly lactic acid films with migrating 
AgNPs into simulants of acidic food upon high
-pressure food processing (200 and 400 MPa) 
Zhu et al. (2021). 
A nanocomposite film consisting of chitosan 
and Urtica dioica leaf extract produced from 
ZnO and copper oxide was developed in order 
to extend the life of guava fruits in packaging. 
This movie demonstrated antibacterial and an-
tioxidant properties, suggesting that it could be 
a useful way to prolong the shelf life of fruits 
Kalia et al. (2021).  
To intensify the amalgamation of meat-like 
process flavors, an inquiry was conducted to 
synthesize soybean protein isolate that has 
been enzymatically degraded into nanoparti-
cles, SiO2 nanoparticles are used in food waste 
nanomaterials to impart scents to food items 
Fadel et al. (2019). 
Moreover, the application of nanomaterials in 
food additives can upgrade the overall nutri-
tional profile of food products without altering 
their taste or appearance. This is especially 
crucial when making functional food products 
that offer health advantages beyond simple 
nourishment Zhang et al. (2020). 
The migration rate of nanostructured materials 
is a critical factor to consider when using pack-
aging of coatings for food products. This eval-
uation must include a hazard assessment for 
each substance, considering factors like car-
cinogenicity, mutagenicity, reproductive tox-
icity, bioaccumulation, endocrine disruption 
(ED), and genotoxicity. Specially in case of 
using non-organic nanoparticles, such as TiO2 

NP, ZnO NPs, Ag NPs, CuO NPs, and SiO2 
NPs.  
While there may be advantages to using these 
nanoparticles in food packaging, it is important 
to note that international organizations and 
bodies that are concerned with food safety 
have also recommended the need for compre-
hensive safety assessments to make sure there 

are no risks to the environment or human 
health. In light of this, the French Agency for 
Food, Environmental and Occupational Health 
and Safety (ANSES) released a statement in 
2021 on the risk assessment associated with 
exposure to the food additive titanium dioxide 
(E 171). In this regard, ANSES suggested more 
research on in vivo genotoxicity; EFSA 
thought this suggestion need to be reexamined 
until the current endeavor to characterize the 
physico-chemical properties of the food addi-
tive titanium dioxide (E 171) is accomplished.    
It is possible to create nano-coatings that can 
precisely encapsulate and release active ingre-
dients including minerals, tastes, and antioxi-
dants. This makes it possible to supply advan-
tageous ingredients precisely to improve the 
nutritional content and quality of food products 
Awuchi et al. (2022). 
Nano-coatings, also, can help maintain the 
physical characters of food items, such as con-
cictency, color, and appearance, by preventing 
physical and chemical changes during storage. 
Some common types of nano-based food coat-
ings include chitosan NPs, cellulose nano-
fibers, nano-emulsions, solid lipid NPs and 
protein-based NPs Algarni et al. (2022); Lee 
et al. (2022) 
These nano-coatings have been successfully 
involved to various food products to elongate 
their storage time and maintain quality. How-
ever, before they are widely used, it is impera-
tive to address safety concerns regarding the 
possible toxicity of nanoparticles and make 
sure that food coatings based on nanotechnolo-
gy are properly assessed for safety and regula-
tory compliance de Oliveira Filho et al. 
(2021). 
Innovative food coatings based on biopolymers 
and nanocomposite technology are created, and 
they have active and intelligent temperature 
sensing properties. These coatings change col-
or at 8°C to a deep purple, acting as tempera-
ture indicators Kritchenkov et al. (2021). 
  Longer-lasting and used as antifouling agents 
are two benefits of nanocomposites, which cre-
ated by adding nanomaterials to the main ma-
trix at modest loadings have demonstrated re-
markably strong antifouling properties espe-
cially in canning Kamal et al. (2016). 
Nanomaterials enable enhanced sensory prop-
erties, elevated bioavailability, antimicrobial 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10346217/#B114-plants-12-02565
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characters, and the conveyance of bioactive 
substances for meat production and packaging 
Ramachandraiah et al. (2015), such as the 
recorded results by Ceylan et al. (2020) who 
recorded that the growth of psychrotrophic 
bacteria was decreased in the nanofibers-
treated meat samples, and had a better textural 
profile (springiness and cohesiveness) at 4°C 
than the control group. 
 The daily production is altered by the nano-
filtration process, which removes salt from lac-
tose, and the heat and mass transfer capabilities 
of the packages are improved by the nanofabri-
cation technology Dasgupta et al. (2015). Ad-
ditionally, the process of nano-encapsulation 
enhances the active compounds' thermal stabil-
ity and photo stability, protects them from heat, 
moisture, and chemicals, and helps manage 
and release them Zhang et al. (2014). 
  
Nanotechnology for nutrient and drug deliv-
ery in food production 
One of the most worldwide methods of nano-
technology is the encapsulation of food addi-
tives and components. Customers can custom-
ize foods that use nano-encapsulation to fit 
their dietary requirements and preferences. Nu-
trients, supplements, and additives for water-
insoluble food components that are nano-
encapsulated provide enhanced dispensability, 
extended release, and protective barriers Ab-
bas et al. (2009). 
One of the many transportation-related goals of 
the delivery method is the conveyance of basic 
substances to the proper intended point of ac-
tion. The distribution approach has also shield-
ed the functional components from deteriora-
tion brought on by chemical or biological pro-
cesses, preserving their functionality. Further-
more, the receiving system may also be able to 
regulate the releasing rate and the particular 
environmental circumstances that initiate the 
distribution of the functional component 
Thang et al. (2023).  
Food can have its nutritional content increased 
by adding nanocapsules. It is possible to im-
prove nutritional absorption by incorporating 
nanoparticles into different diets. Using addi-
tives to increase the food matrix's shelf life and 
make it easier for the body to absorb them is 
another important function Singh et al. (2023).  

Because they don't settle, colloids, emulsions, 
and packed nanocapsules formed of nanoparti-
cles have longer shelf life and longer product 
stability. Ultrasonic emulsification modifies 
the characteristics of treated materials by ap-
plying a high-intensity ultrasonic pulse. high-
pressure homogenization, which enhances 
emulsion stability by reducing fat globule size 
by the employment of extra compartments, by 
creating emulsions with more compartments to 
decrease size and enhance texture and mouth-
feel, a process known as microfluidization and 
dry processing, which physically breaks down 
materials into coarse particles using mechani-
cal energy Pathakoti et al. (2017).  
The distribution plan must also consider the 
other stages of manufacture as well as the final 
product's physicochemical properties, which 
include its texture, flavor, appearance, and 
shelf life. Delivery techniques have been 
changed to incorporate functional materials 
because of their significance Chau et al. 
(2007). 
Hydrolyzed milk proteins, such as α-
lactalbumin, possess the capacity to self-
assemble into nanotubes, suggesting that they 
could serve as a naturally occurring source for 
the nano-encapsulation of medications, vita-
mins, and minerals helps overcome challenges 
related to nutrient solubility and degradation, 
ensuring that these compounds are effectively 
absorbed by the body upon consumption. For 
instance, nano-encapsulated nutrients can pro-
tect sensitive ingredients from environmental 
factors such as light, heat, and oxygen, thereby 
maintaining their efficacy and extending the 
shelf life of food products Graveland-Bikker 
and De Kruif (2006); Arshad et al. (2021). 
 
Nutrient Delivery 
Additionally, the invention of nanofertilizers 
that improve agricultural nutrient absorption is 
made possible by nanotechnology. By control-
ling the delivery of nutrients, these fertilizers 
may be designed to increase efficiency and de-
crease waste. According to studies, nanoparti-
cles can greatly increase the soil's nutrient 
availability, which will improve crop yields 
and create healthier plants Haydar et al. 
(2024). 
 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9699984/#bib1
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9699984/#bib1
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9699984/#bib126
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9699984/#bib28
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9699984/#bib28
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9699984/#bib67
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9699984/#bib67
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Drug Delivery 
Nanotechnology is essential for administering 
medications and probiotics in animal nutrition, 
in addition to delivering nutrients. By directly 
delivering vaccinations and drugs to specific 
locations within an animal's body, nanoparti-
cles can increase therapeutic effectiveness 
while reducing adverse effects. Antibiotics that 
are nanoencapsulated, for instance, may be 
more effective against animal infections, low-
ering the need for larger dosages and lowering 
the possibility of antibiotic resistance Youssef 
et al. (2019). 
Furthermore, nanosensors can be integrated 
into feed and food products to monitor health 
and nutritional status in real-time. These sen-
sors can detect specific biomarkers related to 
animal health, allowing for timely interven-
tions and optimized feeding strategies, thus 
enhancing overall productivity Neethirajan 
(2017). 
 
Benefits and Challenges 
The benefits of using nanotechnology for nutri-
ent and drug delivery in food producing ani-
mals are substantial. Improved nutrient bioa-
vailability leads to enhanced food quality and 
safety, while targeted drug delivery can pro-
mote animal health and make less environmen-
tal hazards of agricultural practices. Addition-
ally, the ability to encapsulate flavors and aro-
mas using nanotechnology can enhance the 
sensory experience of food, making it more 
satisfactory to consumers Neme et al. (2021). 
But there are drawbacks to using nanotechnol-
ogy in food production as well. It is necessary 
to address worries about the long-term impacts 
of nanoparticles on the environment and hu-
man health, as well as their possible toxicity. 
Continuous research is necessary to assess the 
safety profiles of nanomaterials, and regulatory 
frameworks must be put in place to guarantee 
their safe usage in food systems Xuan et al. 
(2023). 
 
Using Nanotechnology in Food Packaging: 
In order to keep longer food freshness and 
avoid deteriorating, the food industry has lately 
enhanced several food packaging techniques. 
Food packaging is important to keep packed 
food safe from toxins in the environment and 
microbes while they are being stored and trans-

ported. Nanotechnology has been believed to 
be one of the best technologies. Using nano-
particles in food packaging to control water 
vapor permeability, offer antimicrobial protec-
tion, and enhance freshness is an easy and de-
pendable method.  
It's amazing to note that a study used a carbox-
ymethyl cellulose (CMC) shell and chitosan 
NPs adsorbed in the core to generate a biode-
gradable, dual-purpose 3D printed cushioning 
and antibacterial package. Good resilience and 
cushioning qualities were shown by this pack-
aging for S. aureus and E. coli Zhou et al. 
(2021). 
The thermal stability and antioxidant capacity 
of titanium dioxide (TiO2) nanoparticles in 
chitosan/tannic acid demonstrated their poten-
tial for application in active food packaging 
Roy et al. (2021). To create bio-composite 
films, biosorbed-AgNPs were produced from 
plant extracts and combined with PVA or chi-
tosan polymers. By reducing Ps. fluorescens 
growth and boosting tensile strength, nanopar-
ticles demonstrated antibacterial activity; Be-
cause of these qualities, they can be used in 
active packaging Wang et al. (2021). 
Under 3D paper tubes, zinc oxide (ZnO) nano-
particles were developed as an absorbent pad 
to retain raw chicken meat. It was shown that 
absorbent pads inhibited Campylobacter jejuni 
in raw chicken meat by immobilizing zinc ox-
ide nanoparticles with a regulated release of 
Zn2+ Hakeem et al. (2020). 
The Food and Drug Administration (FDA) in 
the United States regulates food packaging that 
comes into contact with food. Whereas, the 
European Union's (EU) laws are seen to be 
stricter, whereas US regulations are often more 
lenient Mitrano and Wohlleben (2020). The 
FDA has suggested that more research be done 
to look into possible long-term effects, such as 
cytotoxicity, endocrine activity, immunotoxici-
ty and allergenicity, chronic toxicity and car-
cinogenicity, reproductive and developmental 
toxicity, neurotoxicity, and effects on the gut 
microbiome. Additionally, the guidelines stress 
the significance of risk characterization, uncer-
tainty analysis, hazard identification and char-
acterization, and exposure assessment EFSA 
(2021). 
Food packaging is an essential component of 
the food manufacturing process because it pro-
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tects the food from environmental elements 
such as temperature, humidity, microbiological 
infection, ambient gaseous mixtures, spill 
proofing, and tempering. Every stage of the 
food manufacturing process involves packag-
ing, yet the permeability and porosity of con-
ventional food packaging materials is a major 
drawback. Packing materials can allow the 
passage of ambient gasses including water va-
por Sharma et al. (2017). 
Nanotechnology in packaging prevents nutrient 
loss and degradation while extending shelf life, 
safeguarding food safety. It seems that active 
packaging serves as an inert barrier against ex-
ternal variables and is also crucial for food 
preservation.  
Usually, packaging solutions are involved that 
can adjust to changing environmental condi-
tions. They function by scavenging gases or 
generating advantageous compounds like anti-
oxidants or antimicrobials. These interactions 
enhance food durability in several packaging 
technologies, including enzyme immobiliza-
tion, O2 scavengers, and antimicrobials. Con-
trolled-release packaging is another application 
for nanocomposites in active packaging. In this 
case, they might serve as a means of delivering 
healthy nutrients like vitamins, minerals, and 
probiotics to enhance their absorption during 
meals Graveland-Bikker and De Kruif, 
(2006); Youssef and El-Sayed (2018).  
Food safety is ensured and shelf life is pro-
longed by nanotechnology in packaging by 
preventing nutrient loss and degradation. Food 
preservation seems to be significantly impact-
ed by active packaging, which also acts as an 
inert barrier against environmental factors. 
Packaging alternatives can release beneficial 
substances like antioxidants or antimicrobials 
to act as gas scavengers. As a result of these 
interactions, several packaging advances that 
improve food stability include O2 scavengers, 
antimicrobial medications, and enzyme immo-
bilization techniques de Sousa et al. (2023). 
Eco-friendly packaging that uses plant extracts, 
nanocomposite materials, and biodegradable 
components can reduce the harm that artificial 
packaging causes to the environment. The use 
of nanotechnology in food packaging is con-
stantly evolving because oxides of nanostruc-
tured metals and nonmetals can outperform 

their oxide equivalents Pereda et al. (2019). 
Food packaging migration occurs when addi-
tives diffuse from the polymeric matrix of the 
film or coating into the food or a food simulant 
EFSA Panel on Food Contact Materials, En-
zymes and Processing Aids (CEP), (2020). 
Migration can be advantageous in certain situa-
tions, such as in intelligent and active packag-
ing, where the food is protected by the con-
trolled release of an active ingredient Souza et 
al. (2019). However, it can also result in the 
migration of harmful compounds that are 
harmful to human health, therefore contaminat-
ing the food. 
The following are some of the elements that 
affect the migration process: 
Contact time: The duration of contact be-
tween the food and the packaging during stor-
age. 
Temperature: Storage temperature and any 
temperature changes during processing or heat-
ing. 
Type of contact: The nature of the interaction 
between the food and the packaging material. 
Migrant properties: Characteristics of the 
migrating substances, such as molecular 
weight, volatility, and polarity. 
Food properties: Composition, fat content, 
and other characteristics of the food. 
The degree of migration impacts the toxicity of 
nanostructures, as higher concentrations of na-
noparticles are generally associated with more 
severe adverse effects DeLoid et al. (2017). 
   
Antimicrobial activity of nanomaterials as 
food additives  
In addition, organic nanoparticles, natural anti-
microbial agents like organic oils and acids 
have been nanoencapsulated to reach the desir-
able stability and antimicrobial efficacy in food 
applications. Nanoencapsulation allows the 
incorporation of these sensitive compounds 
into food products without altering their senso-
ry properties Pateiro et al. (2021).  
Despite the fact that antimicrobial nanoparti-
cles can greatly improve the safety and quality 
of food, it is imperative to address any possible 
toxicity issues and guarantee their safe applica-
tion as food additives. To weigh the benefits of 
these nanomaterials against any possible haz-
ards to the environment and public health, fur-
ther study and regulatory monitoring are re-

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9699984/#bib146
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9699984/#bib67
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9699984/#bib67
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9699984/#bib129
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quired Suvarna et al. (2022). 
 
Conclusion 
However, nanotechnology is a novel and de-
veloping food technology that has potent anti-
oxidant and antibacterial properties. The use of 
non-organic nanotechnology, represented by 
nano-oxides [nano-zinc oxide (ZnO NPs), tita-
nium dioxide (TiO2 NP, etc.], in the food in-
dustry has raised serious concerns and can pose 
serious risks to consumer health, according to 
the previously mentioned references and the 
recommendations of international committees 
concerned with food safety. The migration of 
these materials into food products has prompt-
ed calls for further research in this area wheth-
er used directly as food additive or used in 
packaging materials. These studies ought to 
concentrate on evaluating the hazards of non-
organic nanomaterials, specifically their toxici-
ty, possible interactions with different kinds of 
food, long-term chronic toxicity studies, and 
their capacity to react and change into crystal-
line substances in the intestinal tract. Further-
more, studies should be forward also to all fac-
tors that control these risks as temperature, hu-
midity, hydrogen ion concentration, contact 
time, food properties and the concentration of 
non-organic nanoparticles in the food, so that 
the field is not open to use any random quanti-
ties of those oxides nanoparticles which may 
have a harmful effect on the health of the con-
sumer on short or long term more than its ben-
efits.     
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