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Abstract 

 
Nanotechnology offers an effective 

approach to reduce postharvest losses by 

enhancing food quality, shelf life, and supply 

chain efficiency through nano-packaging, 

coatings, nanosensors, and smart cold-chain 

systems. Its integration with AI, IoT, and 

sustainable materials enables intelligent 

postharvest management, though challenges 

related to safety, cost, and regulation remain. 

With strong research and policy support, 

nanotechnology can improve food security, 

farmer income, and sustainability. 
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Introduction 

Postharvest management is critical for ensuring food 

quality, safety, and availability, yet losses remain 

alarmingly high, particularly in developing countries due 

to poor storage, handling, microbial spoilage, and 

inefficient transportation (Anusha et al. 2024). Globally, 

nearly one-third of agri-horticultural produce is lost or 

wasted, posing serious economic and food security 

challenges, especially as the world population is projected 

to reach 9.7 billion by 2050 (Satheeshkumar et al. 2025). 

In India alone, postharvest losses amount to about 49.9 

million tonnes annually, causing an economic loss of approximately ₹1.53 trillion 

(NABCONS, 2022) and the government aims to reduce these losses to below 5% by 2047 

(Ministry of Agriculture, 2025). Nanotechnology offers promising solutions at the nanoscale 

(1–100 nm) through nano-packaging, edible nano-coatings and nanosensors, which enhance 

barrier properties, inhibit microbial growth, and enable real-time quality monitoring, thereby 

significantly extending shelf life and improving supply-chain efficiency (Revathi et al.2025; 

Chang et al. 2025; Ghosh et al. 2025). 

 

 

Figure 1.1 Uses of Nanotechnologies in Postharvest Management 

Figure 1. Postharvest losses at 

different stages 
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Concept of Nanotechnology in Post-Harvest Agriculture 

Nanotechnology involves the application of materials at the nanoscale (1-100 nm) to 

improve the safety, quality, and shelf life of agri-horticultural produce. In postharvest 

management, it offers advanced solutions to reduce losses and maintain freshness by 

controlling microbial spoilage, moisture loss and oxidative deterioration (Satheeshkumar et al. 

2025). The use of nano-coatings, nanocomposite packaging, and nanosensors enhances barrier 

properties, antimicrobial activity and real-time quality monitoring during storage and 

transportation (Revathi et al. 2025; Chang et al. 2025; Ghosh et al. 2025). Owing to their high 

surface area and unique functional properties, nanomaterials effectively extend shelf life while 

preserving nutritional and sensory quality. Thus, nanotechnology enables the development of 

smart, sustainable postharvest management systems that reduce losses and strengthen food 

security. 

 

Role of Nanotechnology in Post-Harvest Management 

Nanotechnology offers innovative solutions to reduce postharvest losses and improve the 

quality, safety and shelf life of agri-horticultural produce through advanced packaging, surface 

coatings, smart sensing and cold-chain optimization (Satheeshkumar et al. 2025; Chang et al. 

2025). Nano-packaging systems incorporate antimicrobial nanoparticles and intelligent 

nanosensors to inhibit microbial growth and enable real-time monitoring of storage conditions. 

Nano-enabled edible coatings based on nanochitosan, nanocellulose and lipid nanoparticles 

improve barrier properties, delay ripening and maintain firmness and visual quality (Ashaq et 

al. 2025; Ghosh et al. 2025). Nanocarriers such as liposomes and nanoemulsions allow 

controlled release of preservatives and bioactive compounds, enhancing efficacy while 

reducing chemical usage. In addition, nanosensors integrated with IoT platforms enable rapid, 

on-site monitoring of quality and safety parameters, while nanofluids improve cold-chain 

efficiency by enhancing heat transfer and reducing energy consumption (Revathi et al. 2025; 

Satheeshkumar et al. 2025). 
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Impact on Food Quality and Shelf Life 

Nanotechnology significantly improves the quality and shelf life of agri-horticultural 

products by controlling microbial spoilage, moisture loss, oxidative damage and rapid 

senescence. Nano-packaging and nano-coatings enhance barrier properties against oxygen, 

carbon dioxide and water vapor, thereby slowing respiration, delaying ripening, and 

maintaining firmness, color and sensory quality (Satheeshkumar et al. 2025; Ashaq et al. 2025). 

The incorporation of antimicrobial nanoparticles and nanoemulsions inhibits microbial growth, 

while nanocarriers enable the controlled release of preservatives, antioxidants and bioactive 

compounds for sustained protection with minimal residues (Revathi et al. 2025; Postharvest 

Biology and Technology, 2025). In addition, smart packaging with nanosensors enables real- 

time monitoring of storage conditions, helping prevent quality deterioration. Collectively, these 

nano-enabled technologies improve nutritional retention, preserve sensory attributes, and 

significantly extend the shelf life of perishable produce (Ghosh et al. 2025). 

 

Emerging Advancements in Nanotechnology for Post-Harvest Management 

Recent advances are shifting nanotechnology from conventional packaging toward 

intelligent, precision-based systems for improved food quality, safety, monitoring, and 

preservation. Nano-biosensors based on gold nanoparticles, quantum dots, and graphene enable 

ultra-sensitive, real-time detection of pathogens such as E. coli, Salmonella and Listeria, 

strengthening food safety management (Chang et al. 2025; Ghosh et al. 2025). Stimuli- 

responsive smart packaging releases antimicrobial and antioxidant agents only under spoilage 

conditions, improving preservation efficiency while minimizing chemical usage (Revathi et al. 

2025; Satheeshkumar et al. 2025). The integration of nanosensors with AI and IoT enables 

predictive shelf-life modelling, automated spoilage detection, and optimized cold-chain 

logistics, thereby reducing postharvest losses (Ghosh et al. 2025). Nanostructured ethylene 

scavengers delay ripening in climacteric fruits, while green synthesis using plant and microbial 

systems improves the environmental compatibility of nanomaterials (Ashaq et al. 2025; 

Satheeshkumar et al. 2025). In addition, self-healing nano-coatings and electrospun nanofibers 

with controlled-release properties further enhance barrier performance and active packaging 

efficiency (Revathi et al. 2025; Ghosh et al. 2025). 
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Economic and Environmental Benefits 

The adoption of nanotechnology in postharvest management offers substantial 

economic and environmental benefits by extending the shelf life of fruits, vegetables, dairy, 

and meat products. Nano-enabled packaging, coatings, and sensors reduce postharvest losses, 

increase marketable yields and improve profit margins while lowering costs by minimizing 

preservatives, chemical treatments, and energy intensive storage (Satheeshkumar et al. 2025; 

Chang et al. 2025; Revathi et al) here by lowering greenhouse gas emissions and the ecological 

footprint of food supply chains (Ghosh et al. 2025; Ashaq et al. 2025). Overall, nano-enabled 

postharvest technologies support both economic viability and environmental sustainability. 

 

Challenges and Safety Concerns 

Despite the promising role of nanotechnology in postharvest management, several 

challenges hinder its large-scale adoption. The potential human health risks associated with the 

ingestion and long-term exposure to nanoparticles are not yet fully understood, necessitating 

comprehensive toxicological evaluations. Environmental concerns also arise from the 

accumulation of nanomaterials in soil and water systems which may disrupt microbial balance 

and biodiversity. Furthermore, the lack of standardized regulatory frameworks, safety 

guidelines and labeling norms limits commercial application and consumer acceptance. In 

addition, high production costs, technical complexity and limited accessibility restrict the 

adoption of nano-enabled technologies, particularly among small and marginal farmers in 

developing countries. 

 

Future Prospects and Research Directions 

Nanotechnology shows strong potential in postharvest management by enabling smart, 

sustainable, and precision based solutions through biodegradable nanomaterials, intelligent 

nanosensors, and controlled release bioactive systems. Future research priorities include safety 

and toxicological assessments, development of eco-friendly materials, IoT-enabled real-time 

monitoring and cost-effective scalable technologies for smallholder farmers. With continued 

interdisciplinary research and regulatory harmonization, nanotechnology is expected to play a 

key role in efficient and sustainable postharvest management worldwide (Satheeshkumar et al. 

2025; Ghosh. 2025). 
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Conclusion 

Nanotechnology offers a powerful solution to reduce postharvest losses in agri- 

horticultural systems through advanced packaging, nano-coatings, nanosensors, controlled 

bioactive release and improved cold-chain management. Its integration with AI, IoT and green 

synthesis supports intelligent, sustainable and environmentally responsible postharvest 

solutions aligned with global sustainability goals. However, issues related to safety, regulation, 

cost, and accessibility must be addressed for responsible adoption. With strategic research, 

policy support, and stakeholder collaboration, nanotechnology can significantly enhance food 

security, farmer incomes, and supply chain resilience. 
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