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Abstract

Food waste is a significant global concern, with perishable items such as mushrooms and tomatoes
contributing heavily to post-harvest losses. This paper examines the role of irradiation as a sustainable,
non-thermal technology to mitigate food waste by extending the shelf life of mushrooms and tomatoes.
Utilizing ionizing radiation, this method reduces microbial contamination, delays physiological spoilage
processes, and preserves the sensory and nutritional attributes of these foods. Supported by recent records
and data, the study explores the implications of irradiation from a home science perspective, focusing on
its potential to enhance household food management, reduce economic losses, and promote
environmental sustainability. Challenges, such as consumer misconceptions and regulatory barriers, are
also discussed, providing a comprehensive view of irradiation’s impact on reducing food waste.
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Introduction

Food waste is one of the most pressing global issues, with the Food and Agriculture
Organization (FAO) estimating that approximately 1.3 billion tons of food are wasted
annually. Fruits and vegetables account for 45% of this total waste, primarily due to their high
perishability. Mushrooms and tomatoes are particularly vulnerable, with post-harvest losses
reaching 30-40% in developing regions where preservation methods are inadequate. This
waste not only results in significant economic losses but also exacerbates environmental
issues, contributing to 8% of global greenhouse gas emissions. Irradiation has emerged as a
transformative technology to address food waste by extending the shelf life of perishable
produce. By exposing food to controlled doses of ionizing radiation, such as gamma rays,
electron beams, or X-rays, the technology inactivates spoilage-causing microorganisms, delays
ripening, and preserves sensory qualities. Unlike traditional preservation methods, irradiation
does not involve heat or chemicals, aligning with consumer preferences for natural and
minimally processed foods. This paper explores the application of irradiation to reduce waste
in mushrooms and tomatoes, supported by data on its efficacy and benefits.

Irradiation in Food Preservation

Irradiation is a cutting-edge technology in food preservation that utilizes ionizing radiation to
enhance the safety, quality, and shelf life of food products. By employing gamma rays, X-rays,
or electron beams, irradiation effectively targets the primary causes of food spoilage and
contamination, including microorganisms, enzymes, and physiological processes that lead to
decay. This non-thermal preservation technique has gained significant attention as an
alternative to conventional methods such as freezing, canning, and chemical treatments,
offering distinct advantages in maintaining the freshness and nutritional value of food while
reducing waste. The process of food irradiation involves exposing products to controlled doses
of ionizing radiation. These doses are calibrated based on the specific goals of the treatment,
ranging from low doses (<1 kGy) for delaying ripening and inhibiting sprouting to medium
doses (1-10 kGy) for microbial decontamination and high doses (>10 kGy) for sterilization.
The mechanism of action lies in the interaction of radiation with the molecular structures
within food, particularly DNA. For spoilage-causing microorganisms and pathogens, this

interaction results in DNA damage, rendering them unable to reproduce or survive.
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For enzymes and physiological processes, irradiation disrupts
activity, slowing down the biochemical changes that lead to
spoilage.

One of the most significant benefits of irradiation is its ability
to enhance food safety. It has been proven effective against a
wide range of pathogens, including Salmonella, Listeria
monocytogenes, and Escherichia coli, which are common
causes of foodborne illnesses. This is particularly valuable for
raw or minimally processed foods that pose higher risks of
microbial contamination. By reducing or eliminating harmful
microorganisms, irradiation ensures safer food for consumers
while reducing the reliance on chemical preservatives,
aligning with growing preferences for clean-label products. In
addition to microbial safety, irradiation is instrumental in
delaying physiological spoilage. For climacteric fruits like
tomatoes and bananas, irradiation slows down the ripening
process by suppressing ethylene production, allowing for
extended storage and transport without significant loss of
quality. Similarly, in vegetables such as mushrooms and
potatoes, irradiation prevents enzymatic browning and
sprouting, maintaining their visual and textural appeal. These
effects are particularly beneficial for exporters and retailers,
who face challenges in maintaining the quality of perishable
produce over long distribution chains. The ability of
irradiation to preserve nutritional value further sets it apart
from other preservation methods. Unlike thermal processes,
which can degrade heat-sensitive nutrients such as vitamins C
and B-complex, irradiation operates without raising the
temperature of food. This ensures that the nutritional integrity
of the product is largely preserved, even after extended
storage periods. For example, research has shown that
antioxidants such as lycopene in tomatoes and phenolic
compounds in berries remain stable under irradiation,
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retaining their health benefits. From an environmental
perspective, irradiation offers a sustainable solution to food
preservation. By extending the shelf life of perishable goods,
it reduces food waste, which is a significant contributor to
global greenhouse gas emissions. The Food and Agriculture
Organization (FAO) estimates that food waste accounts for 8—
10% of global emissions, with fruits and vegetables being
among the most wasted categories. Irradiation mitigates this
waste by ensuring that more produce reaches consumers in
good condition, reducing the need for frequent harvesting and
transportation. Despite its advantages, the adoption of
irradiation faces challenges, particularly in consumer
perception. Misconceptions about the safety and nature of
irradiated foods persist, with many associating the technology
with radioactivity. Extensive scientific evidence, however,
confirms that irradiated food is not radioactive and is safe for
consumption. Regulatory bodies such as the World Health
Organization (WHO), the Food and Agriculture Organization
(FAO), and the Codex Alimentarius Commission have
endorsed irradiation as a safe and effective method for food
preservation. Public education campaigns and transparent
labeling, including the use of the Radura symbol, are essential
to addressing consumer concerns and building trust.

Another challenge is the cost and infrastructure required for
irradiation facilities. The initial investment in equipment,
along with the need for specialized personnel and safety
measures, can be prohibitive, particularly for small-scale
producers and developing regions. However, the long-term
benefits, including reduced waste, improved food safety, and
access to broader markets, often outweigh these initial costs.
As the technology becomes more widespread, economies of
scale are expected to lower operational expenses, making
irradiation more accessible.

Table 1: Effects of Irradiation on Food Preservation

Parameter Low Dose (<1 kGy)

Medium Dose (1-10 kGy)

High Dose (>10 kGy)

Inhibiting sprouting, delaying

Purpose e
ripening

Microbial decontamination, extending

shelf life Sterilization (e.qg., spices, herbs)

Examples of Foods |Fresh fruits (e.g., tomatoes), potatoes

Mushrooms, poultry, fresh vegetables

Spices, dried herbs, medical foods

Impact on Nutrients Minimal impact

Slight loss in sensitive vitamins

Potential loss in some antioxidants

Impact on Quality Maintains texture and flavor

Preserves texture, slight softening

Possible texture degradation

Target Microorganisms Minimal impact on microbes

Kills spoilage microorganisms

Complete sterilization of pathogens

Table 3: Benefits of Irradiation for Mushrooms and Tomatoes

Benefit Mushrooms

Tomatoes

Shelf Life Extension

From 3-5 days to 10 days

From 7-10 days to 14 days

Microbial Safety

90% reduction in microbial load

75% reduction in pathogens like Salmonella

Sensory Quality

Prevents browning, retains firmness

Maintains color, flavor, and firmness

Nutritional Impact

Minimal losses in vitamins (B-complex, proteins)

Lycopene stable, minor vitamin C reduction

Impact on Mushrooms

Mushrooms are highly perishable due to their high water
content and porous structure, which make them an ideal
substrate for microbial growth. Under ambient conditions,
mushrooms typically spoil within 3-5 days of harvest.
Gamma irradiation at doses of 1-2 kGy has been shown to
reduce microbial loads by up to 90%, extending the shelf life
of mushrooms to 10 days under refrigerated conditions.
Irradiation also prevents browning by suppressing enzymatic
activity, enhancing the visual appeal of mushrooms.
Additionally, the treatment stabilizes the texture, reducing the
sliminess associated with spoilage. From a home science
perspective, irradiated mushrooms allow for greater flexibility
in household food planning and storage, reducing waste and
improving dietary efficiency.

Impact on Tomatoes

Tomatoes, as climacteric fruits, ripen rapidly after harvest,
leading to significant waste from softening, discoloration, and
microbial invasion. Irradiation at doses of 0.3-0.5 kGy delays
the ripening process by suppressing ethylene production,
extending shelf life by 7-14 days.

Studies show that irradiation reduces microbial contamination
by up to 75%, ensuring safer consumption. Sensory qualities,
such as the vibrant red color and firmness, are preserved,
while key nutrients like lycopene remain stable. For
households, irradiated tomatoes reduce the frequency of
grocery shopping and minimize spoilage-related losses,
promoting sustainable food consumption practices.
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Economic and Environmental Benefits

The application of irradiation in preserving mushrooms and
tomatoes offers substantial economic and environmental
advantages, particularly in reducing food waste and enhancing
marketability. Post-harvest losses of these perishable
commodities are significant contributors to global food waste,
with mushrooms and tomatoes often discarded due to
microbial spoilage and rapid ripening. By extending their
shelf life, irradiation minimizes these losses, leading to direct
economic savings for farmers, distributors, retailers, and
households.

Economically, irradiation reduces the frequency of spoilage-
related losses. Farmers and distributors benefit from extended
storage and transportation times, enabling them to access
broader and more distant markets, including international
export opportunities. For instance, irradiated tomatoes, with a
shelf life extended by 7-14 days, remain marketable during
long distribution periods, reducing financial losses due to
spoilage. Similarly, mushrooms irradiated at doses of 1-2
kGy can maintain their quality for up to 10 days, providing
retailers with more time to sell fresh produce. Households
also gain economically by purchasing produce that stays fresh
longer, reducing waste and saving on grocery expenses.
Studies estimate that households can save 20-30% of their
grocery budgets by reducing spoilage through irradiated food
products.

From an environmental perspective, irradiation contributes to
sustainability by addressing the massive environmental
footprint of food waste. According to the Food and
Agriculture Organization (FAO), food waste accounts for 8—
10% of global greenhouse gas emissions, with fruits and
vegetables being significant contributors due to their
perishability. By reducing the volume of wasted mushrooms
and tomatoes, irradiation prevents methane emissions
generated from decaying organic matter in landfills.
Additionally, fewer resources, such as water, fertilizers, and
energy, are wasted in producing food that ultimately spoils.
The reduced need for frequent harvesting and transportation
further decreases the carbon footprint associated with the
supply chain, making irradiation an environmentally friendly
solution in modern food systems.

Challenges and Limitations

Despite its clear advantages, the adoption of irradiation
technology for preserving mushrooms and tomatoes faces
several challenges and limitations, particularly in terms of
infrastructure, consumer  perception, and regulatory
complexities. These barriers must be addressed to maximize
the potential benefits of this innovative preservation method.
One of the most significant challenges is consumer
perception. Many consumers harbor misconceptions about the
safety and quality of irradiated foods, often associating the
process with harmful radioactivity. Despite extensive
scientific evidence confirming the safety and efficacy of
irradiation, these misconceptions persist, leading to hesitancy
in purchasing irradiated products. Surveys reveal that 40-50%
of consumers remain skeptical about irradiated foods, even in
markets where the technology is widely endorsed. Addressing
this challenge requires transparent labeling, public education
campaigns, and clear communication from regulatory bodies
and industry stakeholders about the non-radioactive nature of
irradiated foods and their safety for consumption.
Infrastructure and cost-related challenges also limit the
widespread adoption of irradiation. Establishing irradiation
facilities requires significant investment in equipment, safety
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measures, and skilled personnel, making it inaccessible to
small-scale farmers and producers, particularly in developing
regions. The lack of infrastructure for irradiation in rural and
underdeveloped areas further restricts its implementation,
exacerbating post-harvest losses in regions where it is needed
most. Although the long-term economic benefits of irradiation
often outweigh the initial costs, these upfront expenses can be
prohibitive without government support or subsidies.
Regulatory challenges also play a role in hindering the
adoption of irradiation. Different countries have varying
guidelines on permissible doses, labeling requirements, and
approved applications, creating inconsistencies that
complicate international trade. Harmonizing these regulations
is essential to facilitate the global integration of irradiation
technology and improve market access for irradiated produce.
Additionally, overexposure during the irradiation process can
lead to undesirable quality changes, such as textural softening
or nutrient loss, highlighting the importance of dose
optimization and strict quality control measures.

Lastly, public infrastructure for widespread adoption of
irradiation technology remains underdeveloped in many
regions. This includes the need for advanced facilities and
robust logistical frameworks to integrate irradiation into
existing food supply chains efficiently. Overcoming these
limitations will require collaborative efforts among
governments, industry leaders, and scientific communities to
promote the adoption and acceptance of irradiation
technology as a viable and sustainable solution to food
preservation challenges.

Conclusion

Irradiation technology is a powerful tool for reducing food
waste in highly perishable produce such as mushrooms and
tomatoes. By extending shelf life, reducing microbial
contamination, and maintaining sensory and nutritional
quality, irradiation aligns with home science principles of
sustainable food management. The economic benefits of
reduced household food waste and the environmental
advantages of minimizing greenhouse gas emissions further
highlight its significance in addressing global food security
challenges.

While challenges such as consumer misconceptions,
infrastructure costs, and regulatory inconsistencies remain,
ongoing education, technological advancements, and policy
alignment will enhance the adoption of irradiation technology.
As global efforts to reduce food waste intensify, irradiation
stands out as a scientifically validated and sustainable solution
for modern households and food systems.
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