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The	increasing	global	demand	for	safe,	high-quality,	and	long-lasting	food	products	has	accelerated	the	development	of	advanced	food	
packaging	technologies.	Conventional	packaging	systems,	although	widely	used,	often	lack	active	functionalities	to	effectively	prevent	
microbial	 contamination,	 oxidative	 degradation,	 and	 environmental	 damage.	 In	 this	 context,	 biosynthesized	 nanoparticles	 have	
emerged	as	promising	and	eco-friendly	alternatives	for	enhancing	food	preservation	and	safety.	These	nanoparticles,	synthesized	using	
biological	 resources	 such	 as	 plant	 extracts,	 bacteria,	 fungi,	 and	 algae,	 possess	 unique	 physicochemical	 properties	 including	
antimicrobial,	 antioxidant,	 and	 barrier-enhancing	 characteristics.	 This	 review	 provides	 a	 comprehensive	 and	 detailed	 analysis	 of	
biosynthesized	nanoparticles	and	their	role	in	modern	food	packaging	systems.	It	discusses	synthesis	methods,	mechanisms	of	action,	
types	of	nanoparticles,	and	their	practical	applications	in	extending	shelf	life	and	ensuring	food	safety,	the	review	highlights	current	
challenges,	safety	concerns,	regulatory	aspects,	and	future	research	directions	to	support	the	sustainable	integration	of	nanotechnology	
in	food	packaging.
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1.	Introduction
Food packaging is a critical component of the food supply chain, 
playing a vital role in preserving the quality, safety, and shelf life 
of food products. It acts as a protective barrier against physical 
damage, microbial contamination, moisture loss, and chemical 
degradation during storage and transportation [1]. However, 
traditional packaging materials such as plastics, polyethylene 
�ilms, and other synthetic polymers primarily serve as passive 
barriers and often fail to provide active protection against 
spoi lage  and contaminat ion .  In  addit ion ,  growing 
environmental concerns related to plastic waste and 
sustainability have intensi�ied the need for innovative 
packaging solutions that are both effective and eco-friendly. In 
recent years, nanotechnology has emerged as a transformative 
tool in food science, offering novel approaches to enhance 
packaging functionality [2]. Among various nanomaterials, 
biosynthesized nanoparticles have gained considerable 
attention due to their environmentally friendly production 
methods, biocompatibility, and reduced toxicity compared to 
chemically synthesized nanoparticles. These nanoparticles are 
produced using biological systems, which not only reduces the 
use of hazardous chemicals but also allows for better control 
over particle size, shape, and stability [3]. The integration of 
biosynthesized nanoparticles into food packaging materials has 
opened new possibilities for developing active and intelligent 

packaging systems. These nanoparticles can impart 
antimicrobial properties, improve mechanical strength, and 
enhance barrier performance against gases and moisture. As a 
result, they contribute signi�icantly to reducing food spoilage, 
minimizing post-harvest losses, and ensuring food safety [4]. 
This review aims to provide an in-depth understanding of 
biosynthesized nanoparticles and their applications in food 
packaging, with a focus on preservation and safety 
enhancement technologies.

2.	Biosynthesis	of	Nanoparticles
Biosynthesis of nanoparticles, also referred to as green 
synthesis, is an environmentally friendly approach that utilizes 
biological agents to produce nanoparticles without the need for 
toxic chemicals or high-energy processes. This method has 
gained popularity due to its sustainability, cost-effectiveness, 
and ability to produce nanoparticles with desirable properties. 
Biological entities such as plant extracts, bacteria, fungi, algae, 
and enzymes act as reducing and stabilizing agents, converting 
metal ions into nanoparticles through natural biochemical 
processes [5]. Plant-mediated synthesis is one of the most 
widely used methods due to its simplicity and scalability. Plant 
extracts contain a variety of bioactive compounds, including 
�lavonoids, phenolics, alkaloids, and proteins, which facilitate 
the reduction of metal ions and stabilize the resulting 

https://scientificreviews.crcjournals.org/article-archive/volume-1-issue-1-2023/
https://scientificreviews.crcjournals.org/article-archive/volume-1-issue-1-2023/
https://scientificreviews.crcjournals.org/article-archive/volume-1-issue-1-2023/
https://scientificreviews.crcjournals.org/
https://scientificreviews.crcjournals.org/
https://scientificreviews.crcjournals.org/
https://scientificreviews.crcjournals.org/
https://scientificreviews.crcjournals.org/
https://scientificreviews.crcjournals.org/
https://orcid.org/0000-0003-3950-5623
https://scientificreviews.crcjournals.org/


07.https://scienti�icreviews.crcjournals.org/

Jelang	Jelku	D.	Sangma.,	(2025) Scienti�ic	Reviews	An	International	Journal

nanoparticles. This method allows for the production of nanoparticles with controlled morphology, and surface properties, making 
them suitable for food packaging applications.
Microbial synthesis, involving bacteria, fungi, and algae, offers another effective approach for nanoparticle production. These 
microorganisms can synthesize nanoparticles either intracellularly or extracellularly through enzymatic reactions. Fungal-
mediated synthesis is particularly advantageous due to the high yield and stability of nanoparticles produced. Additionally, microbial 
synthesis allows for precise control over particle characteristics, which is essential for ensuring consistent performance in packaging 
systems [6]. Common types of biosynthesized nanoparticles used in food packaging include silver nanoparticles (AgNPs), zinc oxide 
nanoparticles (ZnO NPs), titanium dioxide nanoparticles (TiO₂ NPs), and gold nanoparticles (AuNPs). Each of these nanoparticles 
exhibits unique properties, such as antimicrobial activity, UV protection, and chemical stability, which contribute to improved food 
preservation and safety.

Table	1:	Types	of	Biosynthesized	Nanoparticles	and	Their	Sources

Table	2:	Mechanisms	of	Action	of	Biosynthesized	Nanoparticles

Table	3:	Applications	of	Biosynthesized	Nanoparticles	in	Food	Packaging

3.	Mechanisms	of	Action	in	Food	Packaging
Biosynthesized nanoparticles enhance the functionality of food 
packaging materials through multiple mechanisms that 
collectively contribute to improved preservation and safety. One 
of the most signi�icant mechanisms is their antimicrobial 
activity. Nanoparticles such as silver and zinc oxide interact with 
microbial cells by disrupting cell membranes, altering 
membrane permeability, and interfering with essential cellular 
processes [7]. They can also generate reactive oxygen species 
(ROS), which cause oxidative damage to microbial components, 
leading to cell death. This antimicrobial effect helps in 
preventing the growth of spoilage microorganisms and 
pathogenic bacteria, biosynthesized nanoparticles exhibit 
antioxidant activity, which plays a crucial role in preventing 
oxidative spoilage of food products. Oxidation is a major factor 
responsible for quality deterioration, particularly in lipid-rich 
foods. Nanoparticles can neutralize free radicals and inhibit 
oxidation reactions, thereby preserving the nutritional value, 
�lavor, and color of food. Another important mechanism is the 
enhancement of barrier properties of packaging materials [8]. 
The incorporation of nanoparticles into polymer matrices 
reduces the permeability of packaging �ilms to gases such as 
oxygen and carbon dioxide, as well as moisture. This creates a 
more effective barrier against environmental factors that 
contribute to food spoilage, nanoparticles improve the 
mechanical strength and durability of packaging materials, 
making them more resistant to physical damage during 
handling and transportation.

4.	Applications	in	Food	Packaging
The application of biosynthesized nanoparticles in food 
packaging has led to the development of advanced systems that 
actively contribute to food preservation and safety. 

One of the most widely used applications is the incorporation of 
nanoparticles into packaging �ilms and coatings. These 
nanoparticle-infused materials exhibit enhanced antimicrobial 
and barrier properties, making them highly effective in 
extending the shelf life of perishable food products such as 
fruits, vegetables, meat, and dairy items. Edible coatings 
containing biosynthesized nanoparticles have gained 
signi�icant attention due to their ability to form thin protective 
layers on food surfaces [9]. These coatings help in reducing 
moisture loss, delaying ripening, and preventing microbial 
contamination. For instance, silver nanoparticle-based coatings 
are commonly used for their strong antimicrobial properties, 
while zinc oxide nanoparticles provide additional bene�its such 
as UV protection and antioxidant activity. Another important 
application is the development of intelligent packaging systems 
that incorporate nanosensors. These sensors can detect 
changes in food quality by monitoring parameters such as gas 
composition, pH, and microbial activity. This enables real-time 
assessment of food freshness and provides valuable 
information to consumers and stakeholders in the supply chain. 
Such innovations not only improve food safety but also reduce 
waste by enabling timely intervention.

5.	Challenges	and	Safety	Concerns
The numerous advantages of biosynthesized nanoparticles, 
their application in food packaging is associated with several 
challenges and safety concerns. One of the primary issues is the 
potential migration of nanoparticles from packaging materials 
into food products. This raises concerns regarding human 
health, as the long-term effects of nanoparticle ingestion are not 
yet fully understood. Comprehensive toxicological studies are 
required to assess their safety and establish acceptable 
exposure limits. 
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Another challenge is the lack of standardized protocols for 
nanoparticle synthesis, characterization, and application. 
Variations in particle size, shape, and concentration can 
signi�icantly in�luence their effectiveness and safety, large-scale 
production of biosynthesized nanoparticles remains a challenge 
due to issues related to cost, scalability, and consistency [10;12-
13]. Regulatory frameworks governing the use of nanomaterials 
in food packaging are still evolving, with signi�icant variations 
across different regions. Clear guidelines and safety standards 
are essential to ensure the responsible use of nanotechnology in 
food systems. Public perception and acceptance also play a 
crucial role, as concerns about the use of nanomaterials in food-
related applications may affect market adoption.

6.	Future	Perspectives	and	Research	Directions
Future research in this �ield is expected to focus on enhancing 
the safety, ef�iciency, and sustainability of biosynthesized 
nanoparticles. Advances in nanotechnology and biotechnology 
will enable the development of multifunctional nanoparticles 
with improved antimicrobial, antioxidant, and barrier 
properties. The use of biodegradable and renewable materials 
in combination with nanoparticles will further contribute to 
environmentally friendly packaging solutions [11]. The 
integration of nanotechnology with smart packaging systems, 
including sensors and indicators, is another promising area of 
research. These systems can provide real-time information 
about food quality and safety, enabling better decision-making 
throughout the supply chain. Additionally, interdisciplinary 
collaboration among scientists, engineers, and regulatory 
authorities will be essential for addressing existing challenges 
and promoting innovation.

7.	Conclusion
Biosynthesized nanoparticles represent a signi�icant 
advancement in food packaging technologies, offering 
sustainable and effective solutions for enhancing food 
preservation and safety. Their unique properties, including 
antimicrobial activity, antioxidant potential, and improved 
barrier characteristics, make them valuable components of 
modern packaging systems. Although challenges related to 
safety, regulation, and large-scale production remain, ongoing 
research and technological advancements are expected to 
overcome these limitations. The adoption of biosynthesized 
nanoparticles in food packaging will play a crucial role in 
reducing food waste, improving quality, and ensuring the safety 
of food products in the future.
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