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Abstract 
Nanobiotechnologies have emerged as a promising frontier in the food industry, offering a plethora of applications 
with the potential to revolutionize food production, preservation, and safety. This paper explores the extensive 
applications, benefits, and challenges associated with the integration of nanobiotechnologies into various aspects of 
the food industry. Numerous studies have demonstrated the multifaceted utility of nanobiotechnologies in food 
science. These include but are not limited to nanoparticle-based delivery systems for bioactive compounds, 
nanoencapsulation for enhancing stability and solubility of nutrients, and nanosensors for rapid detection of 
contaminants. Such innovations have led to improvements in food quality, shelf-life extension, and nutritional 
fortification, addressing critical challenges faced by the food industry. Moreover, the adoption of 
nanobiotechnologies presents significant benefits such as increased efficiency in nutrient delivery, reduced reliance 
on chemical preservatives, and enhanced food safety through real-time monitoring of pathogens and toxins.  This 
paper synthesizes recent research findings and highlights the transformative potential of nanobiotechnologies in the 
food industry. By addressing the applications, benefits, and challenges associated with their integration, this study 
aims to provide insights into the future directions of research and development in this dynamic and rapidly evolving 
field. 
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1. Introduction  
 
 
Nanobiotechnology is relatively a new field of 
food sector where nanostructures are used for 
pathogen detection by nanosensors and 
nanotracers, nanoencapsulation, target and control 
delivery, food processing, food preservation, 
nanofertilizers, nanoadditives, nutraceuticals 
production, and intelligent packaging [1,2]. 
Nanobiotechnology is revolutionizing the food 
sector by harnessing the power of nanostructures 
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for a myriad of applications. From enhancing food 
safety to improving nutritional value and 
extending shelf life, this burgeoning field holds 
immense promise for the future of food 
technology [1-3]. 
One of the primary applications of 
nanobiotechnology in the food sector is in 
pathogen detection. 
Nanosensors equipped with nanostructures are 
capable of detecting pathogens with 
unprecedented sensitivity and specificity. These 
nanosensors can identify harmful bacteria, viruses, 
and other contaminants in food, enabling early 
intervention and preventing outbreaks of 
foodborne illnesses [1-9]. 
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Nanotracers, another innovation in 
nanobiotechnology, facilitate the tracking of food 
products throughout the supply chain. By 
incorporating nanostructures into food packaging 
or labels, manufacturers can monitor the journey 
of food products from farm to fork, ensuring 
traceability and quality control. 
Nanoencapsulation is a technique that involves 
enclosing bioactive compounds or functional 
ingredients within nano-sized capsules. This 
technology offers numerous benefits, including 
improved stability, enhanced bioavailability, and 
targeted delivery of nutrients or additives. 
Nanoencapsulated ingredients can be incorporated 
into food products to fortify them with vitamins, 
antioxidants, or other beneficial compounds, 
enhancing their nutritional value [10,11]. 
Targeted and controlled delivery systems enabled 
by nanobiotechnology allow for precise release of 
bioactive compounds at specific locations within 
the body. This has significant implications for 
functional foods and dietary supplements, as it 
ensures maximum efficacy and minimizes waste. 
In food processing, nanotechnology is 
revolutionizing techniques such as emulsification, 
homogenization, and encapsulation. 
Nanostructures are used to manipulate the 
properties of food ingredients, resulting in 
improved texture, flavor, and stability of 
processed foods [12]. 
Food preservation is another area where 
nanobiotechnology is making strides. 
Nanomaterials such as antimicrobial nanoparticles 
can inhibit the growth of spoilage microorganisms 
and extend the shelf life of perishable foods. 
Additionally, active packaging systems 
incorporating nanostructures can absorb gases or 
release antimicrobial agents, further enhancing the 
preservation of food products [5-9]. 
Nanofertilizers represent a sustainable approach to 
agricultural practices, delivering nutrients to 
plants more efficiently and reducing 
environmental impact. Nanostructured fertilizers 
can improve nutrient uptake, reduce fertilizer 
runoff, and enhance crop yields, contributing to 
food security and sustainability. 
Nanoadditives are used to enhance the properties 
of food products, such as texture, appearance, and 
taste. Nanostructured additives can improve the 
stability of emulsions, enhance the color of food 
dyes, or modify the texture of beverages, offering 
novel sensory experiences to consumers. 

Finally, intelligent packaging systems 
incorporating nanotechnology enable real-time 
monitoring of food quality and safety. 
Nanosensors embedded in packaging materials 
can detect changes in temperature, humidity, or 
gas composition, providing valuable information 
about the condition of the packaged food and 
helping to prevent spoilage or contamination. 
Novel innovations of nanobiotechnology in food 
industry sector can be achieved by further 
innovations on nanostructures and by developing 
methods to achieve controlled interactions at 
molecular level. This review highlights the 
functionality and applicability of food-
nanotechnology, applications of 
nanobiotechnology in food industry, and their 
safety assessment. 
 
2. Materials and methods 
 
In order to achieve the assumed objectives of this 
study, there were consulted 21 references on the 
chosen topic. The most important aspects are 
presented in five different sections including: (i) 
Pathogen Detection using Nanosensors; (ii) 
Nanoencapsulation for Targeted Delivery; (iii) 
Nanofertilizers for Sustainable Agriculture; (iv) 
Nanoparticles in Food Preservation; (v) Intelligent 
Packaging with Nanosensors. 
 
3. Results and discussion 
 
The concept of nanotechnology was given by 
Nobel laureate Richard P. Feynman in 1959 
during his famous lecture “There's Plenty of 
Room at the Bottom” where he demonstrated the 
concept of manipulation of matter at molecular 
and atomic level, i.e., nanoscale. Nanotechnology 
is one of the emerging and rapidly growing fields 
which has shown tremendous revolutionary 
developments in different fields of science 
including physics, chemistry, biology, and 
engineering, and its meaning varies with each 
field. The widely used definition of 
nanotechnology is synthesis of nanoscale 
materials (size less than 100 nm) possessing new 
functions and properties (physical, chemical, 
electrical, optical, and magnetic) by 
understanding, controlling, and restricting of 
matter at nanometer level. The nanomaterials used 
in different sectors for applications are metallic 
nanoparticles, carbon nanotubes, quantum dots, 
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nanowires, nanoceramics, dendrimers, liposomes, 
and fullerenes, and these materials can be 
synthesized by top-down or bottom-up approaches 
[13-15]. 

There are numerous applications of 
nanobiotechnology in the food industry. Next, the 
most important of these will be described in table 
1. 

 

Table 1. Applications of nanobiotechnology in the food industry 
Application Description Reference 

1. Pathogen Detection using 
Nanosensors 

Nanosensors for rapid and sensitive detection of pathogens in 
food, aiding in food safety and preventing foodborne illnesses. 

[1-9] 

2. Nanoencapsulation for 
Targeted Delivery 

Nanoencapsulation techniques to protect and deliver bioactive 
compounds in food, improving stability, solubility, and 
targeted release. 

[1,2] 

3. Nanofertilizers for 
Sustainable Agriculture 

Nanotechnology-enabled fertilizers for efficient nutrient 
delivery to plants, enhancing crop yields and reducing 
environmental impact. 

[11] 

4. Nanoparticles in Food 
Preservation 

Antimicrobial nanoparticles incorporated into packaging 
materials or food products to extend shelf life and inhibit 
spoilage microorganisms. 

[4-7] 

5. Intelligent Packaging with 
Nanosensors 

Packaging systems equipped with nanosensors for real-time 
monitoring of food quality, safety, and freshness indicators, 
reducing food waste. 

[2-8] 

 
i. Pathogen Detection using Nanosensors: 
Nanosensors are devices that can detect and 
analyze the presence of specific molecules or 
pathogens at the nanoscale level. In food safety, 
nanosensors play a crucial role in identifying 
harmful contaminants like bacteria, viruses, or 
toxins. These sensors can be designed to recognize 
unique biomarkers associated with pathogens, 
offering rapid and accurate detection even at very 
low concentrations. By integrating nanosensors 
into food processing facilities or portable testing 
kits, food producers can ensure the safety of their 
products and prevent outbreaks of foodborne 
illnesses. 
In recent years, the development of 
nanotechnology has paved the way for highly 
sensitive and selective detection methods for 
pathogens in various fields, including healthcare, 
environmental monitoring, and particularly food 
safety. Nanosensors, which are nanoscale devices 
capable of detecting specific molecules or 
biological entities, have emerged as powerful tools 
for rapid and accurate pathogen detection in the 
food industry  
Nanosensors utilize a variety of nanomaterials and 
detection principles to identify pathogens with 
high sensitivity and specificity. Some common 
nanomaterials used in nanosensor fabrication 
include: 

Nanoparticles: Metal nanoparticles, such as gold, 
silver, and magnetic nanoparticles, are commonly 
employed in nanosensors due to their unique 
optical, electrical, and magnetic properties. These 
nanoparticles can be functionalized with 
biomolecules, such as antibodies or DNA probes, 
that selectively bind to target pathogens, enabling 
their detection [16]. 
Carbon-Based Nanomaterials: Carbon nanotubes 
(CNTs) and graphene are carbon-based 
nanomaterials known for their excellent electrical 
conductivity and large surface area. 
Functionalized CNTs or graphene-based 
nanosensors can detect pathogens through changes 
in electrical conductivity or surface interactions 
with target molecules. 
Quantum Dots: Quantum dots are semiconductor 
nanocrystals that exhibit size-dependent 
fluorescence properties. Functionalized quantum 
dots can be used as fluorescent probes for 
pathogen detection, with the advantage of high 
signal-to-noise ratios and multiplexing capabilities 
[17]. 
Nanowires and Nanorods: Semiconductor 
nanowires and metal nanorods offer tunable 
electrical and optical properties that make them 
suitable for biosensing applications. 
Nanowire/nanorod-based nanosensors can detect 
pathogens through changes in conductivity, 
impedance, or surface plasmon resonance. 
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Detection Principles - Nanosensors employ 
various detection principles to identify the 
presence of pathogens, including: 
Immunoassays: Immunoassays utilize the specific 
binding affinity between antibodies and antigens 
to detect target pathogens. In nanosensor-based 
immunoassays, antibodies are immobilized onto 
the surface of nanomaterials, and the binding of 
target pathogens leads to measurable changes in 
optical, electrical, or mechanical properties. 
Nucleic Acid-Based Detection: Nucleic acid-based 
detection methods, such as polymerase chain 
reaction (PCR) and loop-mediated isothermal 
amplification (LAMP), amplify specific DNA or 
RNA sequences of pathogens for detection. 
Nanosensors can be integrated into these detection 
platforms to enhance sensitivity and enable real-
time monitoring of amplification reactions. 
Label-Free Detection: Label-free detection 
methods rely on the intrinsic properties of 
nanomaterials or target molecules without the 
need for additional labels or tags. Nanosensors can 
detect pathogens based on changes in electrical 
conductivity, surface plasmon resonance, or mass, 
offering rapid and direct detection without the 
complexity of labeling procedures [18]. 
 
Applications in Food Safety 
In the food industry, nanosensor-based pathogen 
detection offers several advantages for ensuring 
food safety: 
Rapid Detection: Nanosensors enable rapid 
detection of pathogens in food samples, reducing 
the time required for analysis and enabling timely 
interventions to prevent foodborne outbreaks. 
High Sensitivity and Specificity: Nanosensors 
exhibit high sensitivity and specificity, allowing 
for the detection of low concentrations of 
pathogens with minimal false positives or 
negatives. 
On-Site Testing: Portable and miniaturized 
nanosensor devices facilitate on-site testing of 
food samples, enabling real-time monitoring of 
food production facilities and supply chains. 
Multiplexed Detection: Some nanosensor 
platforms support multiplexed detection of 
multiple pathogens in a single assay, providing 
comprehensive screening capabilities for 
foodborne pathogens [18,19]. 
 
 

Nanobiosensor Challenges and Future 
Directions 
Despite their tremendous potential, nanosensors 
for pathogen detection face several challenges, 
including standardization of assay protocols, 
validation of sensitivity and specificity, and 
integration into existing food safety regulations. 
Future research directions include the 
development of novel nanomaterials, 
improvement of sensor performance, and 
validation of nanobiosensors for field applications. 
 
ii. Nanoencapsulation for Targeted Delivery: 
Nanoencapsulation involves encapsulating 
bioactive compounds or functional ingredients 
within nano-sized carriers such as liposomes, 
nanoparticles, or nanofibers. This technique offers 
several advantages, including protection of 
sensitive ingredients from degradation, improved 
solubility, and targeted delivery to specific sites in 
the body. In the food industry, nanoencapsulation 
can be used to enhance the stability and 
bioavailability of nutrients, flavors, or 
preservatives. For example, nanoencapsulated 
vitamins can be added to food products to ensure 
their retention during processing and storage, 
leading to fortified foods with enhanced 
nutritional value [19,20,21]. 
 
Applications in the Food Industry 
Nanoencapsulation for targeted delivery has 
diverse applications in the food industry, 
including: 
Enhanced Stability: Nanoencapsulation protects 
sensitive bioactive compounds, such as vitamins, 
antioxidants, and omega-3 fatty acids, from 
degradation due to environmental factors, such as 
light, oxygen, and temperature, during food 
processing, storage, and gastrointestinal digestion. 
Improved Bioavailability: Nanoencapsulation 
improves the solubility and dispersibility of 
hydrophobic bioactive compounds in aqueous 
food matrices, leading to enhanced bioavailability 
and absorption in the gastrointestinal tract. 
Nanoencapsulated nutrients are more readily 
absorbed by the body, leading to improved 
nutritional outcomes. 
Controlled Release: Nanoencapsulation enables 
controlled release of bioactive compounds in 
response to specific stimuli, such as pH, enzymes, 
or temperature, in the gastrointestinal tract. 
Controlled release formulations ensure targeted 
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delivery of bioactive compounds to the site of 
action, maximizing their therapeutic effects while 
minimizing side effects. 
Masking Undesirable Flavors: Nanoencapsulation 
can be used to mask undesirable flavors or odors 
of bioactive compounds, such as vitamins or 
minerals, in functional foods and dietary 
supplements, improving consumer acceptance and 
compliance [18-20]. 
 
iii. Nanofertilizers for Sustainable Agriculture: 
Nanofertilizers are designed to deliver nutrients to 
plants more efficiently, reducing nutrient loss 
through leaching or runoff and minimizing 
environmental impact. Nanostructured fertilizers 
can improve the uptake of essential nutrients by 
plants, leading to increased crop yields and 
reduced dependency on conventional fertilizers. 
Additionally, nanofertilizers can be engineered to 
release nutrients gradually over time, providing a 
sustained supply to plants and minimizing nutrient 
wastage. By promoting more efficient nutrient 
utilization and reducing environmental pollution, 
nanofertilizers contribute to sustainable 
agriculture practices and food security. 
Nanofertilizers offer several applications in 
sustainable agriculture, including: 
Improved Nutrient Use Efficiency: Nanofertilizers 
enhance the efficiency of nutrient uptake by 
plants, reducing the amount of fertilizer required 
to achieve optimal crop yields. Increased nutrient 
availability and accessibility to plant roots result 
in improved nutrient use efficiency and reduced 
losses due to leaching or volatilization [11-14]. 
Reduced Environmental Impact: Nanofertilizers 
minimize environmental pollution and ecological 
risks associated with conventional fertilizers. 
Controlled release formulations reduce nutrient 
leaching into groundwater and surface water, 
mitigating eutrophication and algal blooms in 
aquatic ecosystems. Additionally, nanofertilizers 
decrease greenhouse gas emissions by optimizing 
nutrient utilization and reducing fertilizer 
application rates [15-19]. 
Enhanced Crop Productivity: Nanofertilizers 
promote plant growth, development, and yield by 
supplying essential nutrients in bioavailable 
forms. Nutrient-loaded nanocarriers deliver 
nutrients directly to plant roots, bypassing soil 
nutrient immobilization and enhancing nutrient 
absorption efficiency. Improved crop productivity 

contributes to food security, economic prosperity, 
and rural livelihoods. 
Soil Health and Fertility: Nanofertilizers improve 
soil health and fertility by replenishing depleted 
nutrients, enhancing soil structure, and promoting 
microbial activity. Nanomaterials stimulate 
beneficial microbial communities in the 
rhizosphere, facilitating nutrient cycling, organic 
matter decomposition, and soil nutrient 
availability. Enhanced soil fertility promotes 
sustainable land management practices and 
reduces the need for soil amendments [21]. 
 
iv. Nanoparticles in Food Preservation: 
Nanoparticles with antimicrobial properties can be 
incorporated into food packaging materials or 
directly into food products to inhibit the growth of 
spoilage microorganisms and extend shelf life. 
Silver nanoparticles, for example, have been 
shown to exhibit strong antibacterial activity 
against a wide range of foodborne pathogens. By 
incorporating silver nanoparticles into packaging 
films or coatings, manufacturers can create 
antimicrobial packaging materials that help 
preserve the freshness and safety of perishable 
foods. Similarly, other types of nanoparticles, such 
as zinc oxide or titanium dioxide nanoparticles, 
can also be used for their antimicrobial properties 
in food preservation applications [1,3-18]. 
Nanoparticles are employed in various 
applications for food preservation: 
Antimicrobial Packaging: Nanoparticles with 
antimicrobial properties, such as silver 
nanoparticles, are incorporated into food 
packaging materials to inhibit the growth of 
spoilage microorganisms and foodborne 
pathogens. Antimicrobial packaging films and 
coatings extend the shelf life of perishable foods 
by reducing microbial contamination and 
deterioration [15-21]. 
Active Packaging: Active packaging systems 
incorporate nanoparticles that release 
antimicrobial agents, oxygen scavengers, or 
antioxidants into the food environment to preserve 
freshness, flavor, and nutritional quality. Active 
packaging technologies prolong the shelf life of 
packaged foods by controlling microbial growth, 
lipid oxidation, and enzymatic reactions. 
Nanoscale Emulsions and Coatings: 
Nanoemulsions and nanocoatings containing 
nanoparticles are applied to food surfaces to create 
protective barriers against moisture loss, gas 
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permeation, and microbial contamination. 
Nanoscale coatings enhance the stability, 
appearance, and sensory properties of food 
products, such as fruits, vegetables, and meats, 
during storage and transportation. 
Nanoparticle-Based Delivery Systems: 
Nanoparticle-based delivery systems encapsulate 
bioactive compounds, such as antimicrobial 
agents, antioxidants, and flavorings, for controlled 
release in food matrices. Nanoencapsulation 
protects sensitive ingredients from degradation 
and ensures targeted delivery to specific sites 
within the food product, enhancing functionality 
and efficacy [15]. 
 
v. Intelligent Packaging with Nanosensors: 
Intelligent packaging systems equipped with 
nanosensors enable real-time monitoring of 
various parameters such as temperature, humidity, 
gas composition, and freshness indicators. 
Nanosensors embedded in packaging materials 
can detect changes in these parameters and 
provide valuable information about the condition 
of the packaged food. For example, oxygen-
sensitive nanosensors can indicate the presence of 
oxygen inside a package, helping to identify leaks 
or spoilage. By providing consumers and retailers 
with information about the quality and safety of 
food products, intelligent packaging systems 
enhance consumer confidence and reduce food 
waste [12-16,19]. 
Intelligent packaging systems equipped with 
nanosensors offer several benefits to both 
consumers and food producers: 
Improved Food Safety: Real-time monitoring of 
environmental conditions inside the packaging 
helps prevent microbial growth and 
contamination, reducing the risk of foodborne 
illnesses. 
Extended Shelf Life: By maintaining optimal 
storage conditions and detecting early signs of 
spoilage, intelligent packaging systems help 
extend the shelf life of perishable food products, 
minimizing food waste. 
Enhanced Product Quality: Nanosensors can 
provide insights into product freshness, nutritional 
content, and authenticity, allowing consumers to 
make informed purchasing decisions. 
Supply Chain Transparency: Intelligent packaging 
solutions with traceability features enable tracking 
of product information and origin throughout the 

supply chain, enhancing transparency and 
accountability [10-14]. 
These applications demonstrate the diverse ways 
in which nanobiotechnology is revolutionizing the 
food sector, from ensuring food safety and quality 
to enhancing nutritional value and sustainability. 
Continued research and innovation in this field 
hold the potential to address some of the most 
pressing challenges facing the global food 
industry. 
 
4. Conclusions 
 
In conclusion, nanobiotechnologies offer 
promising solutions to address various challenges 
in the food industry, from enhancing food safety 
and nutritional value to promoting sustainability 
and traceability. However, continued research, 
regulatory oversight, and public engagement are 
essential to harnessing the full potential of 
nanobiotechnologies while addressing potential 
risks and challenges. 
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