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Radiation Processing of Food

Principle

Food irradiation is a physical process in which food and agricultural commodities, in pre-packed form or in bulk,
are exposed to a controlled amount of radiant energy to achieve desirable effects such as inhibition of sprouting,
delay inripening, killing of insect pests, parasites, pathogenic and spoilage microorganisms. Food in packages is
placed in containers that are moved by a conveyor into a shielded room, where it is briefly exposed to radiation
emanating from a source. Radiation by its direct effect on macromolecules and indirect effect through radiolysis
of water inactivates essential biomolecules of insects, parasites, and microorganisms, and destroys them. At very
low doses, it also causes inhibition of sprouting and delay in ripening and senescence in fruits and vegetables. This
technology is also used to sterilize surgical devices, medical and healthcare products. Some of the common terms
used in radiation processing are given below:

Radiation and Sources Approved for Processing of Food
(1) Gamma radiation (1.17/1.33 MeV) emitted by cobalt-60 radioisotope
(2) Gamma radiation (0.66 MeV) emitted by cesium-137 radioisotope

(3) Xerays from machine sources of energies not exceeding 7.5 MeV

(4) Electrons from machine sources of energies not exceeding 10 MeV.

Radioactivity: Radioactivity is a phenomenon in which an unstable nucleus of an atom of an element
disintegrates with the emission of energy and becomes atom of another element. It is a spontaneous
process not affected by any physical and chemical agent. Unit of radioactivity is Becquerel (Bq), which is one
disintegration persecond.

Absorbed Dose: It is a measure of radiation energy absorbed per unit mass of material under consideration. The
unit of absorbed dose is Gray (Gy). 1 Gray is the energy absorption of 1 Joule per kilogram.

G value: Itis a term used to measure the number of ions, atoms or malecules either produced or destroyed when
the food material has absorbed 100 eV of energy.

Dose rate: Generally, dose rate of gamma sources does not exceed 10 Gy/s and that of electron accelerators vary
between 10*and10° Gy/s. Effects of dose rateis rather insignificant in food irradiation.

Food Irradiation Facility

A radiation source (cobalt-60 or electron accelerator), source hoist system, biological shield (irradiation cell)
and a conveyor system are the main features of a radiation processing facility. Walls and ceiling of an irradiation
cellare 1.5-2.0m thick of high density cement concrete (2.5 g/cc). This ensures that no radiation escapes outside
the cell and poses no health hazard to operators. The radionuclide source, which continuously emits radiation, is
normally stored under water when not in use (wet storage type irradiator). Water as shielding medium is generally
preferred as it is cheap and easily available. On the other hand machine sources like electron accelerators can be
switched “on-off' at will and do not require any shielding in *off' position. Using gamma sources big size
containers can be irradiated due to high penetration power of gamma radiation, while with electrons thickness
of product may become a limiting factor. However, this problem could be overcome by conversion of electrons to
X-rays. The choice of an irradiator largely depends upon the nature of food, dose to be given and throughput
required.



Cobalt-60 based plant Electron accelerator

FAQs:
Do food irradiators have radioactive waste disposal problem?

No. Cobalt-60 and caesium-137 which are used as the source of radiation energy decay over many years to
nonradioactive nickel and barium, respectively. When the radioactivity falls to a low level the source pencils are
returned to the supplier, who has the provision of storing them.

How much a typical radiation processing facility costs?

Estimated cost of a commercial radiation processing facility is in the range of Rs. 6-10 crores.

Can an accident at a food irradiation facility lead to “meltdown” of the irradiator and release of
radiaoactivity that would contaminate the environment and endanger people living nearby?

No. It is impossible for a “melt down" to occur in a gamma irradiator. A radiation facility cannot explode as
Cobalt-60 is not a fissionable material. Also, no environmental contamination due to leakage of radioactivity can
occur because the radioisotopeis doubly encapsulated in stainless steel tubes.

Effects of lonizing Radiation

lonizing radiation produces excitation and ionization in matter through which it passes and brings the observed
effects. lonizing radiations act through two basic processes

(1) Primary processes, which cause the formation of ions or excited molecules or molecular fragments by direct
deposition of energy, and

(2) Secondary events that involve interaction of products of primary events. While primary processes are
independent, secondary events are affected by variables like water content, oxygen, and pH of food.
Products of primary and secondary events are called radiolytic products. Water is the most abundant
constituent of most foods and also that of the cells of insects and microbes. Therefore, radiolysis (splitting of
water as a result of interaction with radiation) of water molecules plays a major role in food preservation
and killing of insects and microbes. Hydroxyl radical, hydrated electron, hydrogen atom, hydrogen,
hydrogen peroxide and hydrated proton are produced as a result of interaction of radiation with water.
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Under the conditions of abundance of water indirect effects of radiation predominate. Direct effects of
lonizing radiation prevail when water content of food is low. However, no “unique radiolytic products'
(products formed solely due to the effect of radiation with food components) are formed in irradiated food.
On the contrary entities produced in irradiated food are also found in foods prepared or treated by other

methods like cooking, heating, frying, and microwaving. In short, changes in irradiated food are few,
common, predictable and not unique.

FAQs:
Does theirradiation process make food radioactive?

No. Theirradiation process involves passing of food through a radiation field allowing the food to absorb desired
radiation energy. The food itself never comes in contact with the radioactive material. Gamma rays, X-rays and
electrons prescribed for radiation processing of food do notinduce any radioactivity in foods.

What are the chemical changes in radiation processed foods and are they harmful?

Irradiation produces very little chemical changes in food. None of the changes known to occur have been found
to be harmful. The radiolytic products and free radicals produced are identical to those present in foods subjected
to treatment such as cooking and canning. Highly sensitive scientific tests carried out during the past 30 years
have failed to detect any new chemical product in radiation processed foods.

Applications of Radiation processing of Food
Low Dose Applications

® Sprout Inhibition in bulbs and tubers (0.03-0.15 kGy)
® Delay in fruit ripening (0.25-0.75 kGy)

® Insect disinfestation including, quarantine treatment and elimination of food borne
parasites (0.25-1 kGy)

Nonirradiated Irradiated Nonirradiated Irradiated



Medium Dose Applications

Reduction in spoilage microbes to improve shelf life of meat, poultry and seafoods
under refrigeration (1.5-3 kGy)

Elimination of spoilage microbes to improve shelf life of meat, poultry and
seafoods under refrigeration (3-7 kGy)

Reducing number of microorganisms in spices to improve hygienic quality (10 kGy)

Irradiated meat products

: Irradiated dried Fish

Irradiated semi-dried Prawns
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High Dose Applications

® Sterilization of packaged meat, poultry and their products which are shelf stable
without refrigeration (25-70 kGy)

® Sterilization of hospital diets (25-70 kGy)

Radiation sterilized chicken tikka

FAQs:

Why irradiate spices?

Most spices get heavily contaminated with microbes including pathogenic bacteria during sun drying.
Contamination arises from deposition of excreta of insects, birds, rodents and other animals and from
windblown dust containing these microbes. Naturally present mold spores can grow under high humidity
storage conditions and lead to formation of aflatoxins and other mycotoxins. It can also lead to caking and
spoilage. Insect infestation is another major problem in stored spices often resulting in losses up to 20-25%.

Wholesomeness, Nutritional Adequacy and Safety of Irradiated Foods

Wholesomeness is a term that includes attributes of food such as nutritional adequacy, organoleptic quality
(flavor and aroma), and safety of food. The wholesomeness of irradiated food has been studied in minute detail
for more than four decades. The following parameters have been thoroughly tested in relation to wholesomeness
ofirradiated food:

(1) Induced radicactivity (4) Nutritional adequacy
(2) Microbiological safety (5) Animal feeding and

(3) Safety of chemical changes (6) Human trials



All the above parameters have been investigated thoroughly in laboratories around the world for more than past
five decades. At the energies of gamma rays from cobalt-60 (1.3 MeV) and those recommended for X-rays (7.5
MeV) and accelerated electrons (10 MeV), no induction of radioactivity is possible in atoms constituting food.
The microbiological aspects of radiation- processed foods have been studied in detail. None of these studies have
indicated that foods preserved by radiation pose any special problems in relation to microflora. The major concern
about the safety of irradiated food was the formation of free radicals and radiolytic product(s). When food is
exposed to high intensity radiation, free radicals and radiolytic products are formed due to interaction of radiation
with matter. This has been thoroughly scrutinized at various levels and data generated has been compiled and
critically evaluated. It has been found that there are no unique radiolytic products formed and most of the free
radicals in the system disappear depending on the nature of the commodity, either immediately after irradiation,
or during its post- irradiation storage and processing. In fact, the chemical differences between radiation
processed foods and non-irradiated foods are too small, even making detection of the process rather difficult. The
investigations have irrefutably proved that the free radicals or radiolytic products formed as a result of irradiation
treatment do not compromise the safety of food. Though, the rough composition of food remains largely
unchanged, some losses in vitamins may be encountered. However, these losses are often minor. In the case of
micronutrients, such as vitamins, losses due to irradiation are comparable or sometimes even lower than the
conventional treatments such as heating or freezing. None of the short- or long-term animal feeding studies have
shown any adverse effect as also the trials on human volunteers in the USA and China. It may be noted that
American astronauts and Russian cosmonauts have been consuming irradiated rations on board during space
missions. On the basis of available information and scrutiny of scientific data, it has become amply clear that food
irradiation technology provides maximum assurance of safety to consumers. It may be recalled that barring
irradiated foods no such extensive wholesomeness testing protocols have been followed for any other food
product or process. Based on the available evidence, several reputed professional bodies such as American
Medical Association, Institute of Food Technologists, The American Council of Science and Heaith, Council for
Agricultural Science and Technology, American Frozen Food Institute, American Meat Institute, American
Dietetics Association, American Gastroentrological Association and many other eminent scientific bodies
including American Nuclear Society have endorsed the utility, safetyand benefits of radiation processing of food
and more than 40 countries all over the giobe including India have approved radiation processing of over 100
food items. Many countries including India have approved irradiation of food on generic food- class basis.

FAQs:
What is the difference between the terms “irradiate” and "radioactive” food?

Radiation processed foods are those that have been exposed to radiation as prescribed above to bring about the
desired effect in food. Radioactive foods, on the other hand, are those that become contaminated with
radionuclides. This type of contamination never occurs during food irradiation.

Do the free radicals or radiolytic products which are produced during irradiation affect the safety of
food?

No. There is no evidence to suggest that free radicals or radiolytic products affect the safety of radiation processed
food. This has even been confirmed by many long term multi-generation studies in which laboratory animals were
fedirradiated products exposed up to a dose of 45 kGy and more.

How has the safety of radiation processed foods been tested?

The safety of radiation processed food has been ascertained using an internationally accepted wholesomeness
testing protocol. The investigations include checking for induced radioactivity, monitoring changes in microflora,
presence of any of mutant forms of microbes, assessing nutritional adequacy of irradiated foods by studying
proximate analysis, vitamin losses, study of amino acids, protein efficiency ratio and in vitro digestibility, studying
the chemical constituents of irradiated foods to rule out the possibility of any toxic compounds, and finally the
multi-generation feeding studies lasting for 3-4 generations in at least two mammalian species. One third of the
animals are studied in detail for vital characteristics such as growth, reproduction, hematology, longevity,
histopathology, presence of cancer and mutations. Many animal feeding studies have been carried out with




radiation processed foods. One of the most notable was a sixyear animal feeding study with high-dose irradiated
chicken that was conducted for the U.S. Army and the U.S. Department of Agriculture, More than 600,000
pounds of high dose irradiated chicken were fed to several generations of test mice, hamsters, rats, rabbits, and
dogs. ltwas concluded that radiation sterilized chicken does not pose any toxicological hazard to humans.

Dosimetry and Detection of Radiation Treatment

Food irradiation covers a wide range of applications in the dose range of 0.05 - 10 kGy, depending upon the
commodityand the objective of the treatment. Each desired application such as sproutinhibition, disinfestation
of grains, delay in ripening and senescence of fruits and vegetables, reduction in number of microorganisms in
food, elimination of parasites and pathogens in meat and seafood, and microbial decontamination of spices, is
associated with a typical range of radiation dose, above and below which a particular food may not achieve the
desired effect. Therefore, the absorbed dose in the product must in no case be below the dose which governs
the effectiveness of the process and in no case exceed the limit that affects the sensory properties. Successful
radiation processing of food greatly depends upon the ability of the plant operator or processor to deliver the
required dose of radiation and correctly measure the radiation absorbed dose in the product, map the geometry
of the product boxin which food isto be irradiated, and control the radiation process parameters.

In order to pracess food properly, the plant operators should have proper understanding of radiation dosimetry.
Radiation dose delivered to food is monitored by a device known as dosimeter (dosemeter). A dosimeter is a
system having a reproducible and measurable response to radiation that can beused to quantify or evaluate
the radiation quantity (termed absorbed dose). Any system (solid, liquid or gas) that responds to radiation linearly
or in defined manner over a certain range can serveasa dosimeter. There aré three main classes of dose meters;

(a) Reference standard dosimeters,
(b) Reference dosimeters and

(c) Routinedosimeters.

One of the major requirements for a systemto be used as a dosimeter in food irradiation is that the
elementary composition of the dosimetry system and response to energy absorption should match with the food
to be processed. At the national level, Fricke dosimeter (low dose), amino acids, alanine or glutamine and ceric-
cerous dosimeters (high dose) are routinely used to map radiation dose in a product box and to determine
radiation absorbed dose in food.

As irradiation does not induce any perceptible change in appearance, shape, size or temperature of the product,
it is extremely difficult to identify irradiated food.

In the absence of a simple, accurate, quick and reliable method to know whether or not a food product has
been treated with ionizing radiation it is recognized that methods of detection of irradiated foods, if available,
will not only support countries to protect their markets but augment standard regulatory procedures. This can
help to assure consumers that processors and distributors are adhering to certain controls and set norms drafted
by the regulatory agencies. So far only a few methods have been widely accepted to be used with a certain degree
of assurancein the detection of irradiation. These include electron spin resonance (ESR) or electron paramagnetic
resonance (EPR) and thermoluminescence (TL). The process of identification of irradiation for the time being
is mainly regulated by administrative controls alone. In other words, the irradiated products will have
to be identified by documentary records. Every lot of irradiated food leaving the irradiation plant needs to be
appropriately labeled and must be accompanied by shipping documents containing information such as the
name of the irradiation facility used, radiation dose applied, and date ofirradiation.



FAQs:

Are there any tests to detect whether food has been irradiated?

Yes. There are specific tests developed for certain class of foods. However, no single method has yet been
developed that reliably detects irradiation of all types of foods or radiation dose levels applied. Thermo
luminescence measurement and electron spin resonance spectroscopy can be used for detecting radiation
processed spices and meat containing bone tissue.

Technology Demonstration Units

The Department of Atomic Energy has set up two technology demonstration units in India. The Radiation
Processing Plantat Vashi, NaviMumbai, is a 30-ton per day capacity unit capable of delivering medium and high
doses, mainly for microbial decontamination of spices, dry vegetable seasonings like onion flakes, and pet
foods. Board of Radiation & Isotope Technology (BRIT) is operating this plant since January 2000. Another unit
KRUSHAK (Krushi Utpadan Sanrakshan Kendra), Lasalgaon, was set up as a technology demonstration facility for
low dose applications of radiation such as control of sprouting, insect disinfestation of cereals, pulses, their
products, spices and quarantine treatment of fresh fruitsand vegetables. KRU SHAK became the first cobalt-60
gamma irradiation facility in the world, outside US, to be certified by USDA- APHIS for phytosanitary treatment
of mango, enabling export of mango to the US after a gap of 18 years.

KRUSHAK, Lasalgaon

Radiation Processing Plant,
Vashi




Commercial Prospects in India

In India radiation processing of food can be undertaken both for export and domestic markets. For export, food
could be processed for shelf-life extension, hygienization, and for overcoming quarantine barriers. India is well
known for its export of rice (basmati and non- basmati), seafood, spices, meat and poultry, onion, and mango.
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Mango exported to USA after Treatment of Litchi with GRAS chemicals:
phytosanitary treatment using Technology transferred to entrepreneurs
gamma radiation Radiation treatment for phytosanitory

applications

Radiation processing can be used for restructuring costs of bulk commodities in export markets, and for selling
value added packaged commodities directly in retail markets. India has one of the world's largest domestic
markets Huge quantities of cereals, pulses, their products, fruits and vegetables, sea foods, and spices are
procured, stored, and distributed throughout the length and breadth of the country. During storage, agricultural
commodities worth several millions of rupees are wasted due to insect infestation and microbial spoilage.
Radiation processing can bé used for disinfestation and storage of bulk and consumer packed commodities for
supply chain management in retail distribution. Even if a fraction of our total production of agro produceisto be
processed by radiation, it will require several new facilities to come up in future. The interest of the entrepreneurs
in the technology has steadily increased. The Board of Radiation and Isotope Technology (BRIT) helps
entrepreneurs and industry in setting up of gamma radiation facility under a MoU.

FAQs:
Are radiation processed foods being sold on a regular basis in the market?

In some countries, such as France, The Netherlands, South Africa, United States, Thailand and China, commercial
quantities of some radiation processed food items — strawberries, mango, banana, shrimp, frog legs, chicken,
spices, and fermented pork sausages — are sold on regular basis on the market shelf. Besides, more than 23
countries are irradiating food for processing industries and institutional catering. These radiation processed food
items arelabeled to indicate the treatment and its purpose.

Isit true that consumeris opposed to buying radiation processed foods?

No. Consumer research and market tests in several countries including USA, South Africa, The Netherlands,
France, Thailand, China, and India have shown that consumers accepted radiation processed products when
factual information about the benefits of the technology was provided to them. Consumers willingly bought, and
in many cases, expressed preference for the radiation processed products.
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Atomic Energy (Radiation Processing of Food & Allied Products) Rules, 2012
Classes of Food Products and Dose limits for Radiation Processing

Technological
cl Food P f Treatment dost Lange
ass oo urpose of Treatmen (kGy)
Min Max
Class | Bulbs, stem and root tubers Inhibit sprouting 0.02 0.2
Class 2 | Fresh fruits and vegetables Delay ripening 0.2 1.0
(other than Class 1) Insect disinfestation 0.2 1.0.
Shelf-life extension 1.0 2.5
Quarantine application 0.1 1.0
Class 3 | Cereals and their milled products, pulses Insect disinfestation 0.25 1.0
and their milled products, nuts, oil seeds, | Reduction of microbial load 15 50
dried fruits and their products
Class 4 | Fish, aguaculture, seafood and their Elimination of pathogenic 1.0 7.0
products (fresh or frozen) microorganisms 1.0 3.0
Shelf-life extension 0.1 2.0
Control of human parasites
Class 5 | Meat and meat products including Elimination of pathogenic 1.0 7.0
poultry (fresh and frozen) and eggs microorganisms 1.0 3.0
Shelf-life extension 0.3 2.0
Control of human parasites
Class 6 | Dry vegetables, spices, condiments, dry Elimination of pathogenic 6.0 14.0
herbs, tea, coffee, cocoa and plant microorganisms 0.3 1.0
products Insect disinfestation
Class 7 | Dried food of animal origin Insect disinfestation 0.3 1.0
Control of moulds 1.0 3.0
Elimination of pathogenic 2.0 7.0
microorganisms
Class 8 | Ethnic foods, military rations, space Quarantine application 0.25 1.0
foods, RTC/RTE, minimally processed Reduction of microorganisms 2 10
foods Sterilization 5 25

For further details please contact:

Tel.: +91-22- 25595742/25592539, Fax.4+-91-22 -25505151

Head, Food Technology Division, Bhabha Atomic Research Centre, Mumbai — 400085, India




