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humidity and temperature, is more prone to contamination and
spoilage. Therefore, packaging and irradiation are among the best
ways to preserve food. This method destroys spoilage- and disease-
causing microorganisms, reduces or eliminates food allergens, and
breaks down harmful substances and food toxins. It also prevents the
use of chemical preservatives, which are highly detrimental. Moreover,
irradiation helps maintain the natural freshness of food items.
Additionally, the use of high doses that sterilize products reduces the
need for refrigeration, ultimately lowering energy consumption. Using
this modern processing method, a significant portion of agricultural
products can be prevented from becoming waste due to inadequate
post-harvest processing and storage, thereby contributing to food
security.
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Introduction

Ensuring a sufficient food supply for the growing global population is closely tied to food safety, which
plays a vital role in public health and development. In Iran, where agriculture is extensive, around a
quarter of products are lost due to poor post-harvest handling, making modern preservation methods
essential. Food processing techniques are designed to halt microbial activity, slow deterioration, and
extend shelf life, and they are generally divided into thermal methods, such as heating, and non-thermal
methods, including high-pressure processing, refrigeration, fermentation, chemical preservatives, and
irradiation. Among these, irradiation has been internationally recognized as safe since the 1960s,
effectively preventing contamination and spoilage while maintaining quality without making food
radioactive. With centers established in Iran in 1984 and 1997, irradiation has been applied to food,
spices, packaging, and medical supplies, offering advantages such as speed, efficiency, independence
from environmental conditions, and elimination of chemical preservatives. Overall, it represents a
promising technology to reduce waste, improve food safety, and strengthen agricultural production and
exports.

Food irradiation

Food irradiation is a non-thermal preservation method that uses ionizing and non-ionizing radiation to
eliminate harmful microorganisms without damaging food quality. Applied to products such as meat,
fish, fruits, and vegetables, it is often called cold sterilization or pasteurization. Its effectiveness depends
on the absorbed dose, and international organizations including WHO, FAO, and IAEA have confirmed
its safety at approved levels. Irradiation helps reduce post-harvest losses, control pests, delay ripening,
prevent sprouting, and lower microbial loads in spices, while working at the atomic level by disrupting
microbial DNA and RNA. Because of its efficiency, minimal waste, and wide applications across
agriculture, medicine, and food industries, it is regarded as a reliable technology that enhances food
safety, quality, and global trade.

Food Irradiation Advantages

Food irradiation is a safe and efficient preservation technology that extends food shelf life by eliminating
pathogens, molds, yeasts, and insects without leaving harmful residues or compromising nutritional
value. It can be applied after packaging to prevent recontamination and is especially useful for solid
foods like meat, poultry, seafood, and dried products, which cannot be treated with thermal
pasteurization. The method is highly effective against resistant pathogens such as Salmonella,
Campylobacter, and Toxoplasma, while also delaying ripening and sprouting in fresh produce.
Commercially, it is widely used for spices and herbs as an eco-friendly alternative to chemical
fumigation, helping reduce foodborne diseases, cut post-harvest losses, and support international trade.
At low doses, irradiation safely inactivates harmful organisms, and its cost-effectiveness makes it one of
the most practical and sustainable solutions for ensuring food safety and long-term storage.
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Disadvantages of Food Irradiation

Food irradiation is a valuable non-thermal preservation method, but it comes with notable limitations.
Exposure to radiation can soften fruits and vegetables by altering pectin and cellulose, while fats may
oxidize and turn rancid due to free radical formation. High doses often cause off-flavors, pigment
changes, enzyme disruption, and the loss of sensitive vitamins such as A, B1, E, and K, though others
remain stable. Certain foods are unsuitable for treatment: shell eggs cannot be irradiated, dairy products
develop unpleasant flavors even at very low doses, and meat may discolor or change taste above 1.5
kGy. Moreover, irradiation cannot fully eliminate bacterial spores like Clostridium, nor can it halt
enzymatic activity or reverse spoilage once it has started. Packaging materials may also degrade under
high doses. Beyond technical drawbacks, public perception of “irradiation” is often negative, linked to
fears of radioactivity and health risks. Thus, while effective in many cases, irradiation is not universally
applicable and must be carefully matched to food type and consumer acceptance.

Food Packaging During Irradiation

Food packaging plays a crucial role in facilitating the irradiation process, protecting irradiated foods
from recontamination, and maintaining hygiene and quality. A wide variety of materials are used for
food packaging, but in irradiation they must not negatively affect the food or produce any toxic or
unwanted substances. Key considerations in selecting packaging for food irradiation are as following:
Packaging materials must remain stable under radiation and preserve the sterility of food after treatment.
The structure should allow radiation to penetrate the food while preventing bacteria and environmental
moisture from entering. The design must enable safe and easy opening without risk of contamination.
Only approved packaging materials should be used, in compliance with standard irradiation doses
(Morehouse & Komolprasert, 2004).

Conclusion

At irradiation doses below 10 kGy, foods do not become dangerous or radioactive. At permitted
irradiation levels, there is only a slight reduction in thiamine (vitamin B1), but not enough to cause
deficiency. Irradiation does not produce significant changes in amino acids, fatty acids, or vitamins. In
fact, the changes are so minimal that it is not easily noticeable whether food has been irradiated. The
major advantage of irradiated food is that it is a non-thermal, cold process, meaning the food essentially
remains “raw.” Irradiation is equivalent to pasteurization for solid foods and serves as an important tool
in combating foodborne diseases and deaths, while improving food hygiene. Irradiation with gamma
rays, X-rays, or accelerated electrons under controlled conditions does not make food radioactive.
Neither irradiation nor any other food treatment can make spoiled food edible; if food shows signs of
spoilage such as changes in appearance, odor, or taste, no treatment—including irradiation—can reverse
it. Currently, with increasing adoption, more than half a million tons of 40 different types of food (about
1% of annual global consumption) are irradiated each year in over 40 countries to ensure food safety and
security.
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