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Introduction: 

Fresh fruits and vegetables are vital 

components of the human diet, providing 

essential vitamins, minerals, dietary fiber, 

antioxidants and a wide range of bioactive 

compounds. However, their high moisture 

content, active metabolism and delicate tissue 

structure make them highly perishable. Post-

harvest losses in fresh produce remain a major 

concern due to physiological deterioration, 

microbial spoilage and mechanical damage 

during handling, storage and distribution. 

These challenges have driven the development 

of innovative preservation strategies that 

maintain freshness while extending shelf life. 

Scientifically, minimal processing 

integrates multiple preservation principles, 

including low-temperature storage, modified 

or controlled atmosphere packaging, sanitation 

treatments, edible coatings and non-thermal 

technologies. These interventions reduce 

respiration rate, enzymatic browning, moisture 

loss and microbial proliferation while 

preserving cellular integrity. The approach is 

often supported by the concept of hurdle 

technology 

 

 

 

 

 

 

 

technology, where several mild preservation 

factors are combined to achieve microbial 

safety and quality retention without severe 

processing conditions. 

With increasing consumer demand for 

convenient, ready-to-eat and health-oriented 

foods, minimal processing plays a significant 

role in modern post-harvest management 

systems. It aligns with contemporary trends in 

food science that emphases safety, 

sustainability, reduced energy input and 

minimal use of synthetic preservatives. As a 

result, minimal processing represents a 

progressive and scientifically grounded 

strategy for maintaining the quality and 

extending the shelf life of fresh produce while 

meeting evolving market expectations. 

Global Market Perspective 

The fresh-cut and minimally processed 

produce sector has shown sustained expansion 

over the past decade. Recent industry analyses 

estimate that the global fresh-cut produce 

market exceeded USA 30 billion in 2023, with 

an expected annual growth rate of 7 to 10 

percent 
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percent through 2030. Growth is driven by 

urbanization, increasing workforce 

participation, rising health awareness and 

demand for convenient, safe foods, particularly 

in North America, Europe and rapidly 

developing Asian economies. 

A. Physiological and Biochemical Changes 

After Processing 

Minimal processing disrupts plant 

tissues, triggering physiological and 

biochemical responses. Once the protective 

outer layers are removed, the exposed tissues 

show: 

 Increased respiration rate 

 Elevated ethylene ;C₂H₄) production 

 Enhanced transpiration and water loss 

 Activation of enzymes such as 

polyphenol oxidase and peroxidase 

These changes accelerate senescence 

and microbial susceptibility. As a result, 

quality deterioration appears in the form of 

discoloration, off-flavors, loss of crispness, 

softening and nutrient degradation. Browning 

in apple wedges and cut potatoes is primarily 

due to enzymatic oxidation of phenolic 

compounds. Texture loss is often associated 

with pectin degradation mediated by cell wall–

modifying enzymes. 

B. Objective of Minimal Processing 

The central goal of minimal processing 

is to deliver fresh-like fruits and vegetables 

with extended shelf life while maintaining 

nutritional value, sensory attributes and 

functional food safety. Unlike conventional 

preservation, minimal processing seeks to 

avoid intense thermal treatments and chemical 

preservatives. 

Steps Involved in Minimal Processing 

1. Selection and sorting of raw materials 

2. Washing and sanitation 

3. Peeling, trimming or cutting 

4. Anti-browning or firmness treatments 

5. Caning and drying 

6. Packaging under controlled atmosphere 

7. Refrigerated storage and distribution 

Each step must be carefully controlled 

to minimum mechanical damage and microbial 

contamination. 

C. Modern Minimal Processing 

Technologies 

Recent research highlights several 

advanced technologies that enhance shelf life 

without compromising freshness: 

❖ Modified Atmosphere Packaging 

;MAP): 

MAP adjusts oxygen and carbon 

dioxide levels within packages to reduce 

respiration and microbial growth. Active MAP 

systems now incorporate oxygen scavengers 

and moisture regulators. 

❖ Anti-browning Strategies: 

Use of natural antioxidants such as 

ascorbic acid, calcium salts and plant extracts 

has gained attention as alternatives to sulfites. 
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Disinfection Alternatives: 

Ozone, electrolyzed water and organic 

acid washes are being studied as safer 

substitutes for traditional chlorine-based 

snitchers. 

❖ High Hydrostatic Pressure ;HHP): 

HHP inactivates microorganisms at 

pressures above 400 MPa while preserving 

color and nutrients. Recent applications have 

shown promising results in fresh-cut melons 

and fruit salads. 

❖ Pulsed Electric Fields ;PEF): 

PEF technology induces microbial 

inactivation with minimal thermal damage, 

helping retain texture and vitamins. 

Gamma Irradiation: 

Low-dose irradiation can reduce 

microbial load and extend shelf life while 

maintaining sensory properties when properly 

regulated. 

Examples of Minimally Processed Products 

➢ Vegetables: 

 Fresh salad mixes ;carrot, radish, 

onion, lettuce, capsicum) 

 Ready-to-cook stew vegetables ;green 

beans, peas, mushroom, cabbage, okra) 

 Snack packs ;cucumber sticks, celery, 

sweet potato cubes) 

 Soup mixes ;leek, beetroot, sweet corn, 

mushroom) 

 Sandwich fillings ;cabbage, tomato, 

cucumber) 

 Curry vegetables ;cauliflower, gourds) 

 Toppings and stuffing vegetables ; 

mushroom, tomato) 

➢ Fruits: 

 Sliced banana and muskmelon 

 Peeled oranges and citrus segments 

 Diced pears and peaches 

 Cored and sliced pineapple 

 Apple wedges treated with anti-

browning agents 

 De-capped strawberries, de-stemmed 

grapes 

 Sliced kiwifruit and mixed fruit salads 

D. Maintaining Quality and Safety 

To preserve MPFVs, several strategies 

are integrated: 

 Physical treatments for browning 

control 

 Calcium treatments to maintain 

firmness 

 Cold storage at 0 to 5°C 

 MAP systems to regulate respiration 

 Enzyme inhibitors to limit oxidative 

reactions 

 Strict hygiene protocols during 

processing 

Temperature control remains the most 

critical factor. Even slight deviations can 

accelerate spoilage due to the high metabolic 

activity of cut tissues. 

Advantages 
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 Supplies fresh-like products aligned 

with consumer demand for nutritious 

and sensory-rich foods 

 Reduces packaging and transport costs 

by removing inedible portions 

 offers ready-to-eat or ready-to-cook 

convenience 

 Minimizes kitchen preparation time 

 Enhances traceability and 

accountability compared to informal 

fresh produce markets 

 Reduces solid waste generation 

Disadvantages 

 Removal of protective outer layers 

increases vulnerability to microbial 

contamination 

 Accelerated senescence due to tissue 

injury 

 Risk of food borne illness if sanitation 

and cold chain management are 

inadequate 

 Shorter shelf life compared to fully 

preserved products 

Minimally processed fresh fruits and 

vegetables represent a balance between 

freshness and preservation. With changing 

dietary patterns and busy lifestyles, demand 

for convenient, health-oriented foods continues 

to rise worldwide. Advances in non-thermal 

technologies, improved packaging systems and 

natural preservation methods are shaping the 

future of this sector. To meet growing market 

expectations, research must continue to focus 

on extending shelf life while preserving 

nutritional and sensory quality. When 

supported by strict hygiene practices and 

efficient cold chain management, minimal 

processing efforts a scientifically sound and 

consumer-friendly solution for modern fresh 

produce preservation. 
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