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Abstract

Vegetables are highly perishable commodities due to their high moisture content and rapid
physiological activities after harvest. Inadequate packaging during handling, storage, and
transportation results in considerable quantitative and qualitative losses, affecting both farmers and
consumers. Packaging is an essential component of post-harvest management that protects
vegetables from mechanical damage, moisture loss, microbial contamination, and physiological
deterioration. Recent advances in packaging technologies, including modified atmosphere
packaging (MAP), active packaging, smart packaging, biodegradable materials, and edible
coatings, have significantly improved the shelf life and quality of fresh vegetables. Appropriate
packaging also enhances marketability, reduces transportation losses, and facilitates domestic and
international trade. Adoption of eco-friendly and innovative packaging materials will play a crucial

role in reducing post-harvest losses and promoting sustainable vegetable production.

Keywords: Vegetable packaging, post-harvest management, modified atmosphere packaging,

biodegradable packaging, shelf life, vegetables.
Introduction

Vegetables constitute an important component of human nutrition by supplying essential
vitamins, minerals, dietary fiber, antioxidants, and phytochemicals. However, fresh vegetables are
among the most perishable agricultural commodities because they continue to respire and lose
moisture after harvest. According to the Food and Agriculture Organization (FAO, 2023), post-

harvest losses of fruits and vegetables in developing countries may range from 20 to 30%,

Volume 02/ Tssue 09/ Sept 2026


http://www.agriscope.in/
mailto:agri4scope@gmail.com

/‘ L] L] -
: - |
N o www.agriscope.in E , _.r"

ISSN: 3139-6488
primarily due to improper harvesting, handling, packaging, storage, and transportation.
Packaging is a vital post-harvest operation that protects vegetables from physical injury,
contamination, and environmental stress while maintaining their quality throughout the supply
chain. Modern packaging technologies not only reduce post-harvest losses but also improve

consumer acceptance, food safety, and export potential (Kader, 2002).
Importance of Packaging in Vegetable Crops

Packaging performs several important functions during the marketing of vegetables. It
protects produce from bruising, compression, and vibration during handling and transportation.
Proper packaging minimizes moisture loss, slows respiration, reduces microbial infection, and
preserves freshness. It also facilitates grading, labeling, storage, and efficient transportation.
Attractive packaging enhances consumer confidence and increases the market value of vegetables

(Kader, 2002).
Types of Packaging

Packaging used for vegetables can be broadly classified into primary, secondary, and tertiary

packaging.

Primary packaging is in direct contact with vegetables and includes polyethylene bags, plastic
films, trays, punnets, and mesh bags. Secondary packaging protects primary packages during
storage and transportation and generally consists of corrugated fibreboard boxes, plastic crates,
and wooden boxes. Tertiary packaging is designed for bulk transportation and export using pallets,

shrink wrapping, and large plastic containers.
Packaging Materials Used in Vegetables

Several packaging materials are commonly used depending on the commodity and market

requirements.

Plastic crates are widely preferred because they are reusable, durable, lightweight, and provide
proper ventilation. Corrugated fibreboard (CFB) boxes are commonly used for export and long-
distance transportation due to their excellent strength and cushioning properties. Plastic films such
as polyethylene (PE), polypropylene (PP), and polyvinyl chloride (PVC) reduce moisture loss and

improve shelf life. Mesh bags are mainly used for onion, garlic, and potato because they allow
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adequate air circulation. Transparent plastic punnets and clamshell containers are

extensively used for mushrooms, cherry tomatoes, baby vegetables, and leafy greens.
Recent Advances in Vegetable Packaging
Modern packaging technologies have transformed vegetable marketing and storage.

Modified Atmosphere Packaging (MAP) alters the gaseous composition surrounding vegetables,
reducing oxygen concentration and increasing carbon dioxide levels to slow respiration and delay

senescence.

Active packaging incorporates oxygen scavengers, moisture absorbers, ethylene absorbers, and

antimicrobial compounds that actively maintain product quality.

Smart packaging uses freshness indicators, QR codes, RFID tags, and temperature sensors to

monitor storage conditions and product quality throughout the supply chain.

Edible coatings prepared from aloe vera gel, chitosan, starch, alginate, and pectin form

biodegradable protective layers on vegetables that reduce moisture loss and microbial spoilage

while maintaining freshness.
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Packaging in Vegetable Crops:
Protecting Freshness, Ensuring
Quality and Building Value

— An article for Horticulture Magazine

In the journey from farm to fork, packaging plays a silent but powerful
role in maintaining the quality, safety and shelf life of vegetables.

Good packaging is not just about wrapping a product; it is about
preserving freshness, reducing losses and delivering value to consumers.

Why Packaging is Important? Types of Packaging

Protects vegetables from mechanical damage, n Primary Packaging
bruising and compression during handling In direct contact with the vegetable
and transport. (e.g., polythene bags, cling films,

s s ks trays, punnets).
Minimizes moisture loss and respiration,

thereby extending shelf life. [ B Secondary Packaging
Protects primary package

Reduces contamination from dust, ‘
(e.g., corrugated fiberboard

microorganisms and pests. x
boxes, plastic crates).

Enhances appearance and consumer a
appeal, leading to better market value.

Tertiary Packaging

For bulk handling and transport
(e.g., wooden boxes, big plastic
crates, bulk bins).

Facilitates proper stacking, storage
and transportation.

00000

Common Packaging Materials Used in Vegetables

Plastic Crates Corrugated Fiberboard (CFB) Boxes Punnets & Clamshells Plastic Films (LDPE/Poly Bags) Mesh Bags
Strong, reusable and Lightweight, eco-friendly Used for small, delicate Provides moisture barrier Allow ventilation and are
ventilated. Ideal for bulk and widely used for vegetables like cherry and extends shelf life commonly used for onion,
handling and transportation. distance markets tomatoes, beans, and by reducing transpiration potato, garlic, and

| | and export. baby vegetables. and contamination. other bulb crops.

Advanced Packaging Technologies Good Packaging — Key Considerations

« Modified Atmosphere Packaging (MAP): 4 @ Strength to withstand handling and transportation
Modifies the gas composition around vegetables FRESH & SAFE
to slow down respiration and spoilage. & Adequate ventilation for respiration
< < : - Washed
= Active Packaging: Incorporates substances " = H:Bienic @ Barrier properties to moisture and gases
that absorb ethylene, moisture or microbes. Bl - Chemical Free < ol
« Edible Coatings: Natural coatings (e.g., chitosan, ¥ .’ @ Foodizatetyandinorctoxdcity
aloe vera) help in reducing water loss and 1 @ Cost-effectiveness and environmental sustainability
microbial growth.
P labeli ith duct infa ti d
« Smart Packaging: Uses sensors and indicators @ roperb'? AR RMEA s s L L i
to monitor freshness, temperature and quality. traceabllity
S | % [ B
Benefits of Good Packaging Packagingisnot | | Conclusion
| = Reduces post-harvest losses (20-30% in vegetables). just an expense, In today’s competitive market, packaging is a critical link
« Extends shelf life and maintains nutritional quality. it is an investment in the post-harvest chain of vegetable crops. With the

adoption of suitable packaging materials and advanced
technologies, we can reduce losses, improve quality and
ensure that fresh, safe and nutritious vegetables reach
every consumer.

« Improves marketability and consumer satisfaction.

in quality, safety
and a better future
for our vegetables.
9 99 . 2

Author: Department of Vegetable Science | College of Horticulture & Research Station, Saja, Bemetara, Chhz;ttisgarh

* Supports long-distance transport and export.
* Promotes sustainable and eco-friendly agricultural
practices.

Source: Content compiled from FAO (2023), Kader (2002), NHB (2023), and Al-generated
illustrations created using OpenAl ChatGPT.
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Role of Packaging in Reducing Post-Harvest Losses

Proper packaging significantly reduces post-harvest losses by minimizing mechanical injuries,
reducing water loss, maintaining nutritional quality, delaying microbial spoilage, and extending
shelf life. Packaging also improves stacking efficiency, facilitates long-distance transportation,

and ensures that vegetables reach consumers in better condition.
Sustainable Packaging

Growing environmental concerns have encouraged the development of biodegradable packaging
materials derived from starch, cellulose, polylactic acid (PLA), and agricultural residues. Such
materials reduce plastic pollution while maintaining adequate protection of vegetables. Eco-
friendly packaging is becoming increasingly important for sustainable horticultural production

systems (Rhim et al., 2021).
Challenges

Despite considerable progress, several challenges limit the adoption of modern vegetable
packaging technologies. High packaging costs, lack of awareness among farmers, inadequate cold
chain infrastructure, limited recycling facilities, and environmental concerns associated with
plastic waste remain major constraints. Capacity building, investment in cold chain systems, and

policy support are essential to improve packaging practices.
Future Prospects

The future of vegetable packaging lies in biodegradable polymers, nanotechnology-based
packaging, intelligent packaging systems, blockchain-enabled traceability, and Internet of Things
(IoT)-based monitoring. Integration of these technologies with efficient cold chain management
will reduce post-harvest losses, improve food safety, and strengthen the competitiveness of

vegetable supply chains.
Conclusion

Packaging has become an indispensable component of post-harvest management in vegetable
crops. Appropriate packaging materials and modern packaging technologies effectively reduce
post-harvest losses, extend shelf life, improve marketability, and ensure food safety. Adoption of
sustainable and innovative packaging systems will contribute significantly to enhancing farmers'

income, minimizing food waste, and strengthening national food and nutritional security.
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