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Abstract 

Post-harvest losses remain one of the major 
challenges in Indian agriculture, causing significant economic 
losses, reduction in food availability and lower income for 
farmers. A considerable quantity of cereals, pulses, fruits, 
vegetables, dairy products and fish is lost between harvesting 
and consumption due to inadequate handling, improper 
storage, poor transportation, insufficient cold chain 
infrastructure and lack of processing facilities. The article 
highlights the importance of post-harvest engineering as an 
effective approach to minimize these losses and improve the 
efficiency of the agricultural supply chain. Post-harvest 
engineering involves the application of scientific and 
engineering principles for harvesting, drying, storage, 
transportation, packaging, processing and quality monitoring 
of agricultural produce. 

The article discusses various engineering 
interventions such as mechanical harvesting equipment, 
improved threshers, scientific drying systems, solar dryers, 
modern warehouses, steel silos, hermetic storage structures, 
refrigerated transportation and cold storage systems. It also 
explains the role of value addition and food processing 
technologies in extending shelf life and reducing wastage of 
perishable commodities. Recent advancements including 
Internet of Things (IoT)-based monitoring systems, Artificial 
Intelligence (AI), sensors, machine learning and smart 
packaging technologies are transforming post-harvest 
management by enabling real-time monitoring and quality 
control. 

Agriculture Infrastructure and integrated cold chain 
development programs are further supporting the 
modernization of post-harvest infrastructure in India. 
However, challenges such as high investment costs, poor rural 
infrastructure, fragmented supply chains, limited technical 
awareness and inadequate access to credit continue to restrict 
large-scale adoption of these technologies. The article 
concludes that strengthening post-harvest engineering 
systems is essential for improving food security, reducing 
environmental losses, increasing farmer profitability and 
ensuring sustainable agricultural development in India. 

Key words: Post harvest, cold chain, Iot, value addition, 
drying technologies, storage structures 

Introduction 

India is one of the world’s largest agricultural 
producers. From rice and wheat to fruits, vegetables, spices, 

milk and fish, Indian farmers produce enormous quantities of 
food every year(1). Yet, a major portion of this food never 
reaches consumers. It is damaged, spoiled, spilled, infested, or 
wasted after harvest and before consumption. These losses 
not only reduce farmers’ income but also threaten food 
security, waste natural resources and increase environmental 
pollution. 

Studies estimate that millions of tonnes of cereals, 
fruits, vegetables and livestock products are lost annually due 
to inadequate storage, transportation, handling and processing 
facilities. For a country that still faces malnutrition and rising 
food prices, reducing post-harvest losses is as important as 
increasing agricultural production itself.  Further, the adequate 
cold storage facilities are available for just about 10 per cent 
of India’s horticulture production, making the products more 
vulnerable to spoilage and wastage (2). 

This is where post-harvest engineering plays a critical 
role. Post-harvest engineering involves the application of 
engineering principles and technologies to preserve 
agricultural produce after harvesting. It includes harvesting 
tools, drying systems, storage structures, cold chains, 
transportation systems, processing technologies, packaging 
methods and digital monitoring systems. These technologies 
help maintain quality, extend shelf life and reduce spoilage. 

Post-Harvest Losses 

Post-harvest losses occur at different stages of the 
supply chain: 

• During harvesting 

• While threshing or shelling 

• During cleaning and grading 

• In drying operations 

• During storage 

• During transportation 

• In marketing and retail handling 

Perishable commodities such as fruits, vegetables, 
milk, meat and fish are especially vulnerable because they 
contain high moisture and deteriorate rapidly. Poor 
infrastructure, improper handling and lack of temperature 
control worsen the problem. 

In India, fruits and vegetables suffer some of the 
highest losses because of insufficient cold storage and delayed 
transportation (3). Cereals and pulses are often damaged by 
insects, rodents, fungi and moisture during storage.  

https://agritechpublication.com/
mailto:nihash6@gmail.com


https://agritechpublication.com                                 ISSN: 3048-8249               Article ID: FTT2025021112 

 

                                                   FoodTech Today e-Magazine: Volume 2, Issue 11 (June, 2026)   33 

The causes of these losses are both technical and 
economic. Small and marginal farmers often lack access to 
modern equipment. Rural roads, warehouses and refrigerated 
transport are inadequate in many regions. Traditional storage 
structures and manual handling methods also contribute to 
wastage. 

Fig. 1. Post harvest losses 

Scientific Harvesting and Mechanical Handling 

One of the first steps in reducing losses is harvesting 
crops at the proper maturity stage using suitable machinery. 
Delayed or premature harvesting lowers quality and reduces 
storage life. 

Mechanical harvesters, reapers and threshers reduce 
grain shattering and minimize physical damage and Combine 
harvester allows timely harvesting while minimizing losses (4). 
In horticultural crops, specially designed harvesting tools help 
avoid bruising and cuts that accelerate spoilage. 

Engineering innovations such as conveyor systems, 
grading belts and automated handling equipment reduce 
mechanical injuries during post-harvest operations. Gentle 
handling is particularly important for tomatoes, mangoes, 
bananas, grapes and other delicate produce. 

Modern packhouses equipped with washing, sorting, 
grading and packaging lines improve produce quality and 
market value. Such systems also help farmers obtain better 
prices because consumers increasingly prefer clean and graded 
products. 

Drying Technologies for Moisture Control 

Moisture is one of the biggest enemies of stored food 
grains. Improperly dried grains develop fungal growth, insect 
infestation and aflatoxin contamination. Therefore, drying is 
one of the most essential post-harvest engineering operations. 
The drying methods include open sun drying, solar drying, 
cabinet drying, drum drying, spray drying, freeze drying, 
fluidized-bed drying, potted-bed drying, superheated steam 
drying, and microwave drying (5). 

Traditional sun drying is still widely practiced in India, 
but it depends heavily on weather conditions and often leads 
to contamination by dust, birds and animals. Sudden rains can 
completely destroy partially dried produce. 

Mechanical drying technologies provide a better 
alternative. Batch dryers, continuous-flow dryers, solar dryers 
and fluidized-bed dryers help reduce moisture content quickly 
and uniformly. Solar dryers are especially useful for small 
farmers because they are energy-efficient and environmentally 
friendly. 

Engineering-based drying technologies are also 
helping reduce fruit and vegetable losses. Scientific 
dehydration methods preserve fruits such as mango, banana, 
jackfruit and papaya by converting them into dried products 
with longer shelf life. Recent initiatives involving advanced 
fruit drying technologies have shown promising results in 
reducing spoilage and creating value-added products.  Drying 
also enables farmers to store produce for longer periods and 
sell when market prices improve, reducing distress sales. 

Fig. 2. Solar drying 

Improved Storage Structures 

Storage losses in India remain a major concern. 
Grains stored in traditional structures are vulnerable to insects, 
rodents, birds and moisture fluctuations. Improper storage 
not only reduces quantity but also affects quality and 
germination capacity. 

Modern storage engineering solutions include: 

• Scientific warehouses 

• Steel silos 

• Hermetic storage systems 

• Controlled atmosphere storage 

• Metal bins and improved rural godowns 

Steel silos are increasingly being adopted for bulk 
grain storage. Compared to conventional bag storage, silos 
provide better protection against moisture, pests and spoilage 
(6). Automated aeration and monitoring systems maintain 
grain quality and reduce storage losses significantly.  
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Hermetic storage technologies are another promising 
innovation for small-scale farmers. These airtight systems 
restrict oxygen supply, thereby controlling insects without 
using chemicals. Hermetic bags and bins are becoming 
popular because they are affordable and easy to use. 

Warehouse modernization is equally important. 
Scientific warehouses equipped with ventilation systems, 
moisture barriers, fumigation facilities and mechanized 
handling systems improve storage efficiency. 

Digital monitoring systems using Internet of Things 
(IoT) sensors are now being introduced to monitor 
temperature, humidity and gas concentrations inside storage 
facilities. Smart storage technologies can detect spoilage 
conditions early and help prevent losses. 

For example, recent research on IoT-based onion 
storage systems in India demonstrated that controlled 
environment storage combined with sensors and UV-C 
disinfection could significantly reduce onion spoilage.  

Cold Chain Engineering 

India ranks second among the world's largest fruit 
and vegetable producers. However, weak cold chains face 
major damage caused by the crop, which is a major challenge 
(7). Cold chain infrastructure is one of the most important 
engineering interventions for reducing post-harvest losses in 
perishable commodities. 

A cold chain is a temperature-controlled supply 
system that maintains produce freshness from farm to 
consumer. It includes: 

• Pre-cooling units 

• Cold storages 

• Refrigerated transportation 

• Ripening chambers 

• Distribution centers 

Many fruits and vegetables continue to respire after 
harvest. High temperatures accelerate respiration, leading to 
rapid deterioration. Cooling slows down biological activity and 
extends shelf life. 

India has expanded its cold storage capacity in recent 
years, but demand still exceeds availability. Government 
schemes under the Ministry of Food Processing Industries are 
promoting integrated cold chain infrastructure across the 
country.  

Pre-cooling is particularly important because 
removing field heat immediately after harvest significantly 
improves storage life. Refrigerated transport or reefer vehicles 
further ensure that produce remains fresh during transit. 

Cold chain engineering is especially valuable for: 

• Fruits and vegetables 

• Dairy products 

• Fish and seafood 

• Meat products 

• Flowers 

Without refrigeration, perishable produce can spoil 
within hours under hot Indian climatic conditions. 

Solar-powered cold storages are emerging as an 
effective solution for rural and off-grid regions. These systems 
reduce dependence on unreliable electricity supply and 
provide decentralized storage near farms. 

Packaging and Transportation Innovations 

Improper packaging and transportation account for 
considerable food losses in India. Overloaded sacks, rough 
roads and repeated handling often damage produce during 
transit. The objective of packaging is to shield the foodstuff 
from degrading and to serve as the medium of communication 
between the processing industry and the consumer(8). 

Engineering solutions in packaging include: 

• Corrugated fiberboard boxes 

• Plastic crates 

• Cushion packaging 

• Modified atmosphere packaging 

• Vacuum packaging 

Plastic crates are replacing traditional gunny bags for 
transporting fruits and vegetables because they reduce 
bruising and compression damage. 

Modified atmosphere packaging alters oxygen and 
carbon dioxide levels around produce to slow spoilage. 
Vacuum packaging is widely used for processed foods and 
meat products. 

Transportation engineering is equally critical. 
Improved rural roads, refrigerated vehicles, insulated 
containers and efficient logistics systems reduce transit losses. 
Mechanized loading and unloading systems also reduce 
physical damage. 

Food Corporation of India (FCI) data indicate that 
modernization of handling and transportation systems has 
helped reduce transit losses in food grains over the years. 

Value Addition and Food Processing 

A large quantity of agricultural produce is wasted 
because farmers cannot sell it immediately after harvest. Food 
processing converts perishable produce into stable products 
with longer shelf life. Research shows that farmers involved in 
value addition can increase their income by 15-40% compared 
to those not involved (9). 

Post-harvest engineering technologies support 
processing operations such as: 

• Milling 

• Pulping 

• Drying 

• Freezing 

• Canning 

• Fermentation 
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• Extrusion 

Tomatoes can be converted into ketchup and puree. 
Mangoes can be processed into pulp and dried slices. Milk can 
be transformed into cheese, curd and milk powder. 

Value addition not only reduces losses but also 
increases farmers’ income and creates employment 
opportunities in rural areas. 

Small-scale processing units are particularly important 
for farmer producer organizations (FPOs) and rural 
entrepreneurs. Mobile processing units and mini food-
processing plants can help farmers handle surplus produce 
locally. 

Digital and Smart Agriculture Technologies 

Modern digital technologies are transforming post-
harvest management in India. The loss of agriculture is caused 
by severe weather and frequent pest infestation. In a situation 
like this, integrating cutting-edge technologies like 
sophisticated sensors with the Internet of Things (IoT) could 
increase agricultural output and reduce financial loss(10). 

Artificial Intelligence (AI), sensors, drones, machine 
learning and IoT systems are increasingly being used to 
monitor produce quality and storage conditions. Smart 
systems can predict spoilage, optimize transportation routes 
and estimate shelf life. 

Sensor-based systems can monitor temperature, 
humidity and gas emissions in storage facilities and transport 
vehicles. AI-based grading systems can sort fruits and 
vegetables according to size, color and quality. 

Blockchain technology is also being explored for 
supply chain traceability, ensuring transparency and reducing 
inefficiencies. 

Mobile applications now provide farmers with real-
time market prices, weather forecasts and storage advisories, 
helping them make better post-harvest decisions. 

Challenges Ahead 

Despite significant progress, several challenges 
remain: 

• High initial investment costs 

• Limited awareness among farmers 

• Inadequate rural infrastructure 

• Fragmented supply chains 

• Poor electricity availability 

• Lack of skilled manpower 

• Limited access to credit 

Many technologies developed in laboratories do not 
reach farmers effectively. Therefore, extension services, 
training programs and entrepreneurship development are 
essential. 

Technologies must also be affordable, scalable and 
suitable for smallholder farmers, who form the majority of 
India’s agricultural population. 

The Way Forward 

Reducing post-harvest losses is not merely a 
technological challenge; it is a national necessity. Every 
kilogram of food saved means better farmer income, 
improved food availability, reduced pressure on natural 
resources and lower greenhouse gas emissions. 

Future efforts should focus on: 

• Expanding decentralized cold chains 

• Promoting low-cost storage technologies 

• Encouraging solar-powered systems 

• Strengthening rural logistics 

• Supporting food-processing industries 

• Integrating AI and sensor technologies 

• Training farmers in scientific post-harvest practices 

Public-private partnerships, startup innovation and 
community-level infrastructure development can accelerate 
progress. 

India has already demonstrated remarkable success in 
increasing agricultural production. The next agricultural 
revolution must focus on preserving what is produced. 

Conclusion 

Post-harvest losses represent a silent crisis in Indian 
agriculture. While farmers work hard to produce food, a 
substantial portion is wasted before reaching consumers. Post-
harvest engineering provides practical and scientific solutions 
to address this challenge. 

From scientific harvesting and drying to cold storage, 
smart packaging, mechanized transportation and digital 
monitoring systems, engineering innovations are reshaping 
the agricultural supply chain. These technologies not only 
reduce losses but also improve quality, increase farmer 
income, strengthen food security and support sustainable 
development. 

As India moves toward becoming a global agricultural 
powerhouse, investment in post-harvest engineering will be 
just as important as investment in crop production itself. 
Saving food after harvest is equivalent to producing more 
food without expanding land or water use. Therefore, 
strengthening post-harvest infrastructure and technology 
adoption must become a national priority for a food-secure 
and prosperous India. 

References 

1. Sadiku, M.N., Kotteti, C.M. and Sadiku, J.O., 2024. 
Agriculture in india. International Journal of Advances in 
Scientific Research and Engineering, 10(02), pp.01-11. 

2. Dhakal, A., Chinwan, D. and Ali, J., Effect of inadequate 
processing and cold storage unit on the horticultural crops of India. 
In 48 Annual Convention of the Indian Society of Agricultural 
Engineers and Symposium on Engineering Interventions in 
Conservation Agriculture, Maharana Pratap University of 
Agriculture and Technology, Udaipur, 2014. 

https://agritechpublication.com/


https://agritechpublication.com                                 ISSN: 3048-8249               Article ID: FTT2025021112 

 

                                                   FoodTech Today e-Magazine: Volume 2, Issue 11 (June, 2026)   36 

3. Raut, R.D., Gardas, B.B., Narwane, V.S. and Narkhede, 
B.E., 2019. Improvement in the food losses in fruits and 
vegetable supply chain-a perspective of cold third-party 
logistics approach. Operations research perspectives, 6, 
p.100117. 

4. Jeya Chandra, R., Masilamani, P., Suthakar, B., Rajkumar, 
P., Sivakumar, S.D. and Manonmani, V., 2025. Impact of 
harvesting and threshing methods of rice: A 
comprehensive review on seed quality and storage 
behaviour. Plant Science Today, 12, p.8241. 

5. Asrate, D.A. and Ali, A.N., 2025. Review on the recent 
trends of food dryer technologies and optimization 
methods of drying parameters. Applied Food Research, 5(1), 
p.100927. 

6. Bhardwaj, S. and Sharma, R., 2024. Success of 
underground grain storage structures-Indian 
perspective. Res. J. Agric. Sci, 15, pp.225-226. 

7. Rangar, S., Jadoun, R.S., Singh, A. and Dangwal, A., 
2025. Cold chain infrastructure for fruit and vegetable 

crops in India: Challenges and prospects. International 
Journal of Social Science and Education Research, 7(2), pp.378-
383. 

8. Dubey, P., Yousuf, O. and Singh, A., 2022. Advancement 
in packaging technologies for agri-food sector. 

9. Bhai, S., Rathore, V., Kumari, A., Yadav, R.K., Chand, 
K., Kumar, A., Dkhar, G.E. and Pradhan, R., 2026. A 
Review of the Economic Impact of Value Addition and 
Food Processing on Farmers’ Income: An Extension 
Perspective. Journal of Experimental Agriculture 
International, 48(3), pp.1-13. 

10. Kaleel, I., Islam, A., Reddy, M., Muddappa, M., Maurya, 
R., Nandeha, N., Borah, K., Pattanaik, A., Hansda, S., 
Wasifur, S. and Paliwal, D., 2026. Smart Agriculture 
Enabled by Digital Technologies: Sensors, Automation, 
and Decision Support Systems. Journal of Scientific Research 
and Reports, 32(2), pp.452-463. 

 

* * * * * * * * * 

https://agritechpublication.com/

