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INTRODUCTION 

Post-harvest losses of vegetables are a major challenge in the 

global food supply chain, especially in developing countries. 

Poor infrastructure, inadequate storage facilities, lack of cold 

chain systems, and improper handling lead to significant 

losses. Nearly 30-40% of vegetables are lost before reaching 

consumers, reducing food availability and farmers’ income. 

Effective post-harvest management is essential to 

maintain quality and ensure year-round availability of 

vegetables. Technologies such as pre-cooling, refrigeration, 

controlled atmosphere storage, modified atmosphere 

packaging, chemical treatments, edible coatings, and non-

thermal methods help preserve quality and extend shelf life. 

These methods control temperature, humidity, and gas 

composition to slow physiological processes and microbial 

growth. The main goals of post-harvest technology are to 

reduce losses, maintain nutritional quality, extend storage 

life, and improve marketability, contributing to more 

sustainable food systems. 

2. Causes of Post-Harvest Deterioration in Vegetables 

Vegetables begin to deteriorate immediately after 

harvest due to a variety of physiological, biochemical, and 

environmental factors.  

2.1 Physiological Causes 

Physiological processes play a major role in the 

deterioration of vegetables after harvest. One of the most 

significant processes is respiration, during which stored 

carbohydrates are oxidized to produce energy required for 

cellular activities. High respiration rates accelerate the 

consumption of energy reserves, resulting in rapid 

senescence and quality degradation. In addition, transpiration 

leads to moisture loss from vegetable tissues, causing 

wilting, shriveling, and reduction in fresh weight. 
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2.2 Microbial Spoilage 

Microorganisms such as bacteria, fungi, and 

yeasts are major causes of post-harvest spoilage 

in vegetables. They can infect produce during 

cultivation, harvesting, handling, or storage. 

Damage to the outer surface allows microbes to 

penetrate and multiply rapidly under favorable 

conditions, causing rotting, discoloration, and 

foul odors. Common spoilage pathogens include 

Pseudomonas, Erwinia, Botrytis, and Alternaria. 

Proper sanitation, temperature control, and 

antimicrobial treatments help reduce microbial 

growth. 

 

2.3 Mechanical Damage 

Mechanical injuries caused during harvesting, 

transportation, and handling significantly 

contribute to post-harvest losses. Bruising, cuts, 

compression, and abrasion damage the protective 

surface of vegetables and create entry points for 

microbial infection. Mechanical damage also 

accelerates physiological deterioration by 

increasing respiration rate and moisture loss. 

Therefore, careful harvesting techniques, proper 

packaging, and gentle handling practices are 

necessary to minimize mechanical damage. 

2.4 Environmental Factors 

Environmental conditions during storage and 

transportation greatly influence the rate of 

vegetable deterioration. Temperature is one of 

the most critical factors affecting respiration rate 

and microbial growth. High temperatures 

accelerate metabolic processes and spoilage, 

while low temperatures slow down these 

processes. Relative humidity also plays an 

important role in maintaining freshness, as low 

humidity leads to excessive moisture loss and 

wilting. Additionally, the concentration of gases 

such as oxygen and carbon dioxide in the storage 

environment affects respiration and ripening 

processes. Proper management of these 

environmental factors is essential for maintaining 

quality and extending shelf life. 

 

3. Objectives of Post-Harvest Technology 

The primary objective of post-harvest technology 

is to maintain the quality and safety of vegetables 

from the time of harvest until they reach the 

consumer. This involves reducing losses caused 

by physiological deterioration, microbial 

spoilage, and mechanical damage. One of the key 

goals is to extend the storage life of vegetables 

by slowing down metabolic processes and 

controlling environmental conditions. 
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4. Conventional Post-Harvest Technologies 

Conventional post-harvest technologies are 

essential for maintaining the quality, freshness, 

and marketability of vegetables after harvest. 

Even after harvesting, vegetables remain 

biologically active and continue processes such 

as respiration, transpiration, and enzymatic 

reactions, which cause deterioration. Proper post-

harvest handling helps slow these processes and 

extend storage life. These technologies mainly 

focus on controlling temperature, humidity, and 

atmospheric gas composition during storage and 

transportation. 

4.1 Temperature Management (Cold Storage) 

Temperature management is one of the most 

effective methods for extending the shelf life of 

vegetables. After harvest, vegetables continue to 

respire and release heat, which accelerates 

deterioration. Lower storage temperatures slow 

respiration and enzymatic activities, reducing 

quality loss. Cold storage also inhibits microbial 

growth and minimizes moisture loss, helping 

prevent wilting and maintain firmness and 

texture.

 

 
 

Table 1: Recommended Storage Temperature for Selected Vegetables 
Vegetable Temperature (°C) Relative Humidity (%) Storage Life 

Tomato 10-13 85-90 2-3 weeks 

Potato 7-10 90-95 2-4 months 

Onion 0-2 65-75 4-8 months 

Cabbage 0-1 90-95 3-4 months 

Carrot 0 95-100 4-6 months 
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4.2 Modified Atmosphere Packaging (MAP) 

Modified Atmosphere Packaging (MAP) is a 

common post-harvest technology used to extend 

the shelf life of vegetables by altering the gas 

composition inside sealed packages. In this 

method, oxygen levels are reduced (about 2-5%), 

carbon dioxide is increased (3-10%), and 

nitrogen acts as an inert filler gas. This modified 

atmosphere slows respiration and metabolic 

processes, helping maintain vegetable quality for 

longer periods. 

4.3 Controlled Atmosphere Storage (CA) 

Controlled Atmosphere (CA) storage is an 

advanced post-harvest preservation technique in 

which the composition of gases within the 

storage environment is carefully monitored and 

controlled throughout the storage period. Unlike 

modified atmosphere packaging, where gas 

composition is initially adjusted within a sealed 

package, CA storage involves continuous 

regulation of oxygen, carbon dioxide, and 

nitrogen levels in large storage chambers. This 

technology allows for precise control of 

environmental conditions to slow down 

physiological processes such as respiration, 

ethylene production, and ripening. 

5. Chemical and Biological Treatments 

Chemical and biological treatments are 

commonly used as supplementary post-harvest 

technologies to reduce microbial contamination 

and delay deterioration in vegetables. These 

treatments involve the application of chemical 

compounds or beneficial microorganisms that 

help inhibit the growth of spoilage organisms and 

maintain the quality of vegetables during storage. 

When used appropriately, these methods can 

effectively reduce decay, extend shelf life, and 

improve food safety. 

5.1 Chemical Preservatives 

Chemical preservatives are commonly used in 

post-harvest management to control microbial 

growth and delay ripening in vegetables. They 

are applied as washing solutions, sprays, or 

fumigants to reduce surface pathogens. Common 

chemicals include calcium chloride, which 

maintains firmness by strengthening cell walls; 

sodium hypochlorite, a disinfectant that kills 

bacteria and fungi; and potassium permanganate, 

which absorbs ethylene and slows ripening. 

5.2 Biological Control 

Biological control methods use beneficial 

microorganisms to suppress pathogens 

responsible for post-harvest spoilage. These 

biocontrol agents compete with harmful 

microbes for nutrients and space or produce 

antimicrobial compounds that inhibit pathogen 

growth. Antagonistic bacteria and yeast species 

are commonly used to control fungal pathogens 

causing decay in vegetables. 

6. Edible Coatings and Films 

Edible coatings are an eco-friendly method to 

extend the shelf life of vegetables. They form a 

thin edible layer on the surface that acts as a 

barrier against moisture loss, gas exchange, and 

microbial contamination. These coatings are 

usually made from natural biopolymers such as 

polysaccharides, proteins, and lipids, which are 

safe and biodegradable. 
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7. Emerging Post-Harvest Technologies 

Recent advances in food science have introduced 

innovative post-harvest preservation techniques 

that are more efficient and sustainable than 

conventional methods. Emerging technologies 

such as cold plasma, pulsed electric fields, 

ultrasound treatment, and smart packaging help 

extend shelf life while maintaining the nutritional 

and sensory quality of vegetables. Most of these 

methods are non-thermal, reducing heat damage 

and preserving the natural characteristics of fresh 

produce. 

7.1 Cold Plasma Technology 

Cold plasma is a novel non-thermal preservation 

technique used to inactivate microorganisms on 

vegetable surfaces. It generates ionized gas with 

reactive species that destroy bacteria, fungi, and 

viruses. Because it operates at low temperatures, 

it causes minimal damage to vegetable tissues. 

Cold plasma is energy-efficient, environmentally 

friendly, and helps improve food safety while 

maintaining quality. 

7.2 Pulsed Electric Field (PEF) 

Pulsed Electric Field (PEF) technology uses 

short bursts of high-voltage electric pulses 

applied between electrodes to treat food 

products. These pulses disrupt microbial cell 

membranes, causing inactivation without high 

temperatures. PEF helps preserve the nutritional 

and sensory quality of vegetables while 

improving microbial safety. It can also enhance 

mass transfer, increasing the effectiveness of 

other preservation treatments. 

 

8. Role of Biotechnology in Post-Harvest 

Shelf-Life Extension 

Biotechnology plays an important role in 

improving the post-harvest shelf life of 

vegetables. Through genetic modification and 

molecular breeding, scientists can develop 

varieties with disease resistance, reduced 

respiration, and delayed ripening. Biotechnology 

also enables the production of bio-preservatives 

from natural sources such as antimicrobial 

peptides and plant extracts, which help control 

microbial growth while maintaining food safety 

and quality. 

9. Integrated Post-Harvest Management 

Integrated post-harvest management combines 

multiple preservation techniques to improve shelf 

life and quality. Since no single method can fully 

prevent deterioration, methods such as proper 

harvesting, pre-cooling, cold storage, modified 

atmosphere packaging, and edible coatings are 

used together. This integrated approach helps 

maintain freshness and reduce post-harvest 

losses. 

10. Challenges in Post-Harvest Technology 

Despite advances in post-harvest technologies, 

several challenges limit their adoption. Lack of 

storage infrastructure, especially cold storage and 

efficient transport, leads to major losses in 

developing countries. Advanced technologies 

also require high investment and technical skills, 

making them difficult for small farmers to adopt. 

Limited farmer awareness about proper handling 

further increases losses. Addressing these issues 

requires better infrastructure, farmer training, and 

affordable technologies. 

11. Future Perspectives 

Future research in post-harvest technology will 

focus on sustainable and eco-friendly 

preservation methods. Innovations such as 

biodegradable packaging, nanotechnology-based 

edible coatings, and advanced antimicrobial 

formulations are gaining attention. Artificial 

Intelligence (AI) and Internet of Things (IoT) are 

also being used for real-time monitoring and 

control of storage conditions. These 

advancements can reduce post-harvest losses, 

improve food quality, and strengthen the food 

supply chain. 

 

CONCLUSION 

Post-harvest technologies are essential for 

maintaining the quality, safety, and marketability 

of vegetables. Conventional methods such as 

refrigeration, modified atmosphere packaging, 

and controlled atmosphere storage help slow 

physiological deterioration and microbial growth. 

Emerging technologies like edible coatings, cold 

plasma, pulsed electric fields, and smart 

packaging further extend shelf life while 

preserving nutritional quality. Integrating these 
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technologies with efficient supply chains can 

reduce post-harvest losses and improve food 

availability, supporting sustainable agriculture 

and food security. 
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