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Abstract

Food loss and waste are critical problems affecting food availability, farmer income, and environmental
sustainability. Globally, about one-third of food produced for human consumption is lost or wasted each
year due to poor storage, handling, and processing practices. Modern food processing and engineering
interventions—from postharvest management to smart packaging and digital supply chains—help reduce
these losses. This article explains how practical food processing technologies can minimize waste, extend
shelf life, and improve food security from farm to fork, making it relevant for farmers, extension workers, and

policymakers.

Introduction

Food security means that everyone has access to sufficient, safe, and nutritious food at all times. With a
growing population, ensuring food availability is a major challenge. Even if production increases, losses

during harvesting, storage, transport, and marketing can drastically reduce the food reaching consumers.

Globally, 30-33% of food produced is lost or wasted every year (Nicastro, R. and Carillo, P., 2021). In India,
losses are higher in fruits, vegetables, cereals, and pulses due to lack of storage, inefficient transport, and poor
processing methods. Modern food processing can bridge this gap, helping preserve food quality, extend shelf

life, and reduce waste, ultimately strengthening food security.
Food Losses along the Supply Chain

Food loss occurs at every stage of the supply chain:

e Harvesting and handling: Damage from manual handling, improper tools
e Storage: Losses due to pests, moisture, and temperature variations
e Processing: Quality loss during peeling, cutting, drying, or packaging

e Distribution and retail: Spoilage due to transport delays, poor storage, or unsold stocks

For fruits and vegetables, postharvest losses can reach 20-40% (Stanaway, J.D. et al., 2023). Reducing these
losses requires simple technologies accessible to farmers and processors, such as improved storage, cold

chain, and proper packaging.

Postharvest Management Technologies

Improved Storage
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Storage plays a crucial role in reducing losses. Hermetic storage bags and silos protect grains and pulses from
insects and moisture. These systems do not require chemical fumigants and maintain quality during long-term
storage (Nicastro, R. and Carillo, P., 2021).

Cold storage and refrigerated transport slow down spoilage in perishable commodities. Efficient cold chain

management can reduce losses of fruits and vegetables by 15-20% (Stanaway, J.D. et al., 2023).
Modified Atmosphere Packaging (MAP)

MAP involves adjusting oxygen and carbon dioxide levels in packaging to slow down spoilage. It is widely
used for fresh produce, meat, and bakery products, reducing losses during transportation and marketing
(Hesham, A. et al., 2025).

Minimal and Non-Thermal Processing

Importance of Minimal Processing

Traditional thermal processing (boiling, canning, pasteurization) ensures safety but often reduces nutrients,
color, and flavor. Poor quality can lead to consumer rejection and waste. Minimal and non-thermal methods

preserve nutrition while ensuring safety (Reyes, V. et al., 2024).

Pulsed Electric Field (PEF) Processing

PEF uses short high-voltage pulses to kill microorganisms without high heat. It is effective for juices, milk,
and liquid eggs. PEF-treated foods retain color, vitamins, and flavor while lasting longer on shelves (Reyes,
V. etal., 2024).

High-Pressure Processing (HPP)

HPP subjects foods to very high pressure, killing harmful microorganisms while maintaining fresh-like quality.
It is widely used in ready-to-eat foods and beverages to extend shelf life (Cisneros-Zevallos, L. and Akbulut,
M., 2024).

Smart Packaging

Packaging protects food and reduces losses.
e Active packaging: Includes antimicrobial agents, moisture absorbers, and oxygen scavengers to delay
spoilage.

e Intelligent packaging: Uses sensors and freshness indicators, helping avoid unnecessary disposal
(Hesham, A. et al., 2025).

Digitalization in Supply Chain

Digital tools such as IoT, Al, and blockchain improve monitoring and traceability. Sensors track temperature
and humidity during storage and transport. Predictive analytics prevent overproduction and ensure better

alignment with market demand, reducing waste (Reyes, V. et al., 2024).

Food Waste Valorization
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Even with good processing, some waste is unavoidable. Food engineering promotes converting waste into:

e Animal feed
e Bioenergy
e Nutraceuticals

e Value-added products like dietary fibers

This approach follows circular economy principles, reduces environmental impact, and maximizes resource
use (Moraes, N.V. et al., 2021).

Challenges and Future Directions

e High cost of technology
e Limited technical expertise in rural areas

e Need for policy support and training

Future efforts should focus on affordable, farmer-friendly technologies, capacity building, and wider adoption

of postharvest and processing innovations.

Conclusion

Modern food processing is essential for reducing food loss and waste from farm to fork. Through improved
storage, minimal processing, smart packaging, digital supply chains, and waste valorization, food engineering
strengthens food security, supports farmers, and benefits society. Adoption of these practices ensures a
sustainable and resilient food system.
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