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Abstract

Horticultural crops are highly perishable commaodities, and post-harvest losses remain a critical constraint
across supply chains. Globally, up to 40% of fruits and vegetables are lost due to inadequate storage,
transportation, and processing. Recent advances in post-harvest technologies—including cold chain logistics,
controlled atmosphere (CA) storage, edible coatings, nanotechnology-based packaging, and digital
monitoring—have provided innovative solutions to reduce losses and extend shelf life.” At the same time,
value addition strategies such as minimal processing, nutraceutical extraction, fermentation, and freeze-
drying are transforming horticultural crops into higher-value products with expanded market opportunities.
This review synthesizes global research (2018-2025) on post-harvest innovations and value addition,
providing two synthesis tables and two conceptual figures to highlight the scope of technological

interventions and their market potential.
1. Introduction

Post-harvest management plays a pivotal role in horticulture, ensuring that produce reaches consumers in
optimum quality and quantity. The perishability of horticultural commodities, driven by high respiration
rates, water content, and pathogen susceptibility, leads to significant losses during handling, storage, and
transportation. Climate change further exacerbates post-harvest challenges by intensifying heat stress and
disrupting cold chain infrastructure in vulnerable regions. With the increasing globalization of horticultural
trade, post-harvest technologies are essential not only for loss reduction but also for ensuring compliance
with export quality standards (FAO, 2023). This review examines advances in post-harvest science and value

addition, focusing on recent technological, biochemical, and engineering breakthroughs.
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2. Post-Harvest Challenges in Horticultural Crops

Horticultural crops face multiple post-harvest challenges. Physiological processes such as respiration and
transpiration accelerate senescence and reduce shelf life (Vermeulen et al., 2018). Mechanical damage during
harvesting and transportation causes bruising, while post-harvest pathogens such as Botrytis and
Colletotrichum account for significant spoilage. Temperature and humidity fluctuations exacerbate
deterioration, particularly in regions with limited cold chain infrastructure (Moradinezhad et al., 2025).

Addressing these losses requires integrated solutions spanning from harvest to retail.

Figure 1. Post-harvest losses and intervention points across the horticultural supply chain.

IMPORTANCE OF ADDRESSING POST
HARVEST LOSSES

Food Security Environmental
Conservation

Economic of — Sustainable
Sustainability 7 Development
Goals

The figure illustrates critical stages (harvest, handling, transport, storage, retail) and highlights intervention

technologies such as cold storage, edible coatings, MAP, and smart packaging.
3. Advances in Post-Harvest Technologies
3.1 Cold Chain and Controlled Atmosphere (CA) Storage

Cold storage and CA storage remain the backbone of post-harvest management. CA technologies regulate
O: and CO: levels to extend the shelflife of apples, bananas, and grapes (Wang et al., 2025). Pre-cooling and
refrigerated transport reduce field heat, while evaporative cooling systems (ZECC) provide affordable

solutions for smallholder farmers (Basediya et al., 2011).
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3.2 Edible Coatings and Biopolymer Films

Edible coatings made from chitosan, alginate, pectin, and starch form semi-permeable barriers that reduce
respiration and microbial attack. When enriched with plant-based antimicrobials such as essential oils, these
coatings further extend freshness and shelf life (Ali et al., 2025; Gigante et al., 2025).

3.3 Nanotechnology Applications

Nanocomposite packaging films with silver, zinc oxide, or chitosan nanoparticles provide enhanced
antimicrobial and gas-barrier properties. Such films improve firmness and reduce microbial spoilage in

berries, citrus, and leafy greens (Ranjan et al., 2024).
3.4 Smart Packaging and 10T Logistics

Smart packaging incorporating RFID, biosensors, and time—temperature indicators enables real-time
monitoring of quality parameters. 10T -enabled cold chain management reduces losses in long-distance export

consignments (Sharma et al., 2025).

Table 1. Post-Harvest Technologies and Their Benefits

Technology Mechanism Key Crops Benefits
Cold storage & CA Regulates 02/COz; | Apple, Banana, | Extends storage life
slows respiration Grapes by weeks—months
Edible coatings Gas/moisture barrier; | Mango, Tomato, | Shelf-life extension
antimicrobial Guava by 5-12 days
Nanocomposite films Controlled gas | Berries, Citrus Reduced decay,
exchange, firmness retention
antimicrobial
Smart packaging 10T, RFID, TTls Export crops Real-time
monitoring,
traceability

4. Value Addition in Horticultural Crops

Value addition transforms perishable produce into stable, marketable products, reducing losses while

enhancing farmer income.

[JCRTBJ02009 \ International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | 53


http://www.ijcrt.org/

www.ijcrt.org © 2025 IJCRT | Volume 13, Issue 12 December 2025 | ISSN: 2320-2882

4.1 Minimal Processing

Fresh-cut fruits and vegetables are in high demand but require antimicrobial washes, MAP, and cold storage

to maintain safety and quality.
4.2 Processing and Preservation

Drying, canning, juicing, and pickling extend shelf life and expand product diversity. Freeze-drying, though

costly, preserves nutritional and sensory quality in berries and herbs.
4.3 Nutraceutical and Bioactive Extraction

By-products such as peels, seeds, and pomace are rich in polyphenols, carotenoids, and flavonoids. Extracts

are used in functional foods, pharmaceuticals, and cosmetics (Singh et al., 2024).
4.4 Fermentation and Functional Foods

Fermentation of vegetables and juices produces probiotic-rich functional foods, expanding opportunities in
the nutraceutical market (Lou et al., 2024).

Table 2. Value Addition Strategies and Market Potential

Strategy Example Products Added Value Market Potential
Drying & Dried mango, banana chips Longer shelf life, export High in Asia & Africa
dehydration

Fermentation

Sauerkraut, probiotic juices

Functional health benefits

Expanding global

markets

Nutraceutical

extraction

Citrus peel flavonoids

Supplements, cosmetics

Billion-dollar

nutraceutical sector

Freeze-drying

Berries, herbs

Retains nutrients & flavor

High-value niche exports
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Figure 2. Value addition framework in horticultural crops.
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The diagram links fresh produce to value-added pathways (minimal processing, processing/preservation,
functional foods, nutraceuticals) and illustrates market outcomes (income stability, waste reduction, export

growth).
5. Policy and Future Perspectives

Policy support is critical for scaling post-harvest technologies. Subsidies for cold chain infrastructure,
incentives for biodegradable packaging, and R&D investments in nanotechnology will accelerate adoption.
Digital agriculture and blockchain-enabled traceability can ensure transparency and food safety in export
markets (Campana et al., 2025). Future research should prioritize cost-effective edible coatings, renewable-

powered cold storage, and sustainable valorization of horticultural by-products (Lou et al., 2024).
6. Conclusion

Advances in post-harvest technologies and value addition provide integrated solutions for reducing losses
and enhancing market value in horticulture. Cold chain systems, edible coatings, nanotechnology packaging,
and smart logistics complement value addition strategies such as nutraceutical extraction, fermentation, and
freeze-drying. Together, these interventions improve resilience, farmer profitability, and consumer access to
high-quality produce. Scaling these innovations requires policy support, digital integration, and inclusive

training programs to benefit smallholder farmers.
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