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Irradiation Technology

Food irradiation is the treatment of foods by gamma-pho-
tons, fast (high velocity) electrons, or x-ray sources of energy.
These sources are portions of the electromagnetic spectrum
that is called ionizing radiation. The approved sources for
gamma-photons for food irradiation are Cobalt-60 and Ce-
sium-137. Fast electrons and x-rays are produced by machines.
X-rays, which are also photons, are produced by fast elec-
trons impinging a metal target such as tungsten. Gamma and
x-ray photons have no mass or charge. Therefore, they tend to
exhibit deep penetration (>1 meter) into food. In contrast, fast
electrons are charged, have mass and interact readily with
the orbital electrons of the food and packaging material. These
properties limit their practical depth of penetration to a few
centimeters at an energy level of 10 MeV. With all things be-
ing equal, the effect of photons and fast electrons on the chemi-
cal constituents of packaging material and food is equivalent
(Chappas, 1998). Fast electron and photon radiation trigger a
spray of electrons producing secondary effects that are indis-
tinguishable (Sadler, et. al., 1999; Chappas, 1998). A fully
absorbed photon will produce about 40,000 electrons of vari-
ous electron energies (Biggins, 1991).

Food Irradiation Regulations

The FDA regulation 21 Code of Federal Regulations (CFR)
179.26 “Ionizing radiation for the treatment of food” cites the
approved energy sources, food types and absorbed dose lim-
its, and product labeling requirements. Food products ap-
proved for irradiation are fresh fruits and vegetables, enzyme
preparations, uncooked meat and poultry products, and dry
spices. A petition has been filed by the National Food Proces-
sors Association on behalf of The Food Irradiation Coalition
to allow the irradiation of multi-ingredient meat and poultry
products containing cooked or uncooked meat or poultry. The
FDA is also reviewing a petition to amend the poultry regula-

tion to raise the maximum dose and remove the packaging
limitations.

The USDA regulations pertaining to the irradiation of meat
food and poultry products are cited in 9 CFR 424.22 (c) –
Irradiation of meat food and poultry products. Irradiated food
packages must bear an irradiation statement such as “Treated
by irradiation” or “Treated with irradiation” and the radura
logo. The labeling requirements are very specific and are ex-
plained in 179.26 (c) (1), (2), and (3). Packaging materials for
use during the irradiation of prepackaged foods are specified
under both the general provisions of the Indirect Food Addi-
tive regulation, 21 CFR 174, and under 21 CFR 179.45 – Pack-
aging materials for use during the irradiation of prepackaged
foods.

Food Packaging Materials for Irradiation
The number of packaging materials listed in Section 179.45

as approved for use during the irradiation of prepackaged food
is very limited in comparison to the large number of polymers
and additives that comprise packaging materials for fresh and
processed meat and poultry products. Furthermore, only flex-
ible films and non-rigid containers, with the exception of a
non-pigmented expanded polystyrene foam tray, are approved
for use. With the exception of a few polyethylene films and
bags, most of the packaging materials that would be used for
food irradiation are multilayer compositions consisting of sev-
eral different polymers and additives. For example, an oxy-
gen barrier lidding film for a case ready fresh ground beef
package can consist of a sealant, an antifog agent, an oxygen
barrier, an adhesive, a moisture barrier and an abuse layer.
The polymer selection for this structure can be a polyethyl-
ene, ethylene vinyl alcohol, ethylene vinyl acetate, an ionomer,
and a nylon.

The manufacturer of a material for any food packaging
application is responsible for determining if the packaging
material complies with the FDA Code of Federal Regulations
(CFR) for its intended use. A determination of compliance is
not limited to just the food contact polymer, but all constitu-
ents of the packaging material. This includes the basic poly-
mers and their associated additive, i.e. slip agents, antioxi-
dants, antifog agents and plasticizers. The example of a
multilayer case ready lidding film given, of course, would not
comply with 21 CFR 179.45. For a meat processor to utilize a
packaging material for an irradiation application, as well as
for a non-irradiation application, the processor must have on
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file a Letter of Guaranty from the packaging material supplier,
and make it available for review by the USDA resident in-
spector. The letter must state that the material is acceptable
for the irradiation of prepackaged foods and cite any limita-
tions that exist, i.e. maximum absorbed irradiation dose.

Prior to February 16, 2001, Section 179.45 limited the use
of most of the listed polymers to gamma irradiation. Ethylene
vinyl acetate was the only exception. It was approved for E-
beam, x-ray, and gamma irradiation. Based on the scientific
evidence submitted by the National Center for Food Safety
Technology (NCFST), on behalf of the NCFST-Industry Work-
ing Group, the FDA amended Section 179.45 to expand the
conditions of safe use of x-ray and electron beam sources for
the treatment of foods prepackaged in materials listed in this
Section and those approved through the Food Contact Notifi-
cation (FCN) or Threshold of Regulation process.

The NCFST, in cooperation with various polymer and pack-
aging manufacturers, is also conducting studies on polymers
to support petitions proposing the approval of their use in the
irradiation of prepackaged food. A period of 2 to 3 years may
lapse before a significant number of additional polymers and
additives are granted regulatory acceptance.

Availability of Packaging Materials
for Food Irradiation

Packaging materials that are currently being used for the
irradiation of frozen hamburger patties are oxygen permeable
polyolefin based film. There are a few oxygen barrier bags
based on PVDC coated polyolefin. These materials would most
likely be used for vacuum package whole muscle products
and processed meats. Unfortunately, most of the packaging
materials that are currently used for packaging case ready
meats, processed meats, and ready to eat meals would not
meet the requirements of Section 179.45.

The fall out from the limited number of materials approved
for use in the irradiation of prepackaged foods is that the en-
thusiasm to move forward with the irradiation of a broad cat-
egory of foods will be dampened by a shortage of approved
packaging material. The problem is further compounded by
the fact that printing inks and colorants are not approved for
irradiation applications. Unless the pace for approving addi-
tional polymers and additives dramatically increases in the
very near future, a critical shortage of materials will continue
to exist for several years. For processors that are anticipating
the use of irradiation, it is imperative that they begin discus-
sions with their material supplier regarding their packaging
material needs. Depending on the complexity of the packag-
ing material, it is not unreasonable to expect to wait at least
10 months to gain regulatory acceptance of a packaging ma-
terial that contains at least one constituent that does not have
prior approval.

To gain acceptance of a non-listed polymer or a finished
article comprising an unlisted substance, the manufacturer
must conduct appropriate analytical chemistry studies to sup-
port a petition to the FDA, Center for Food Safety and Applied
Nutrition (CFSAN). CFSAN recently published a guidance
document for these studies: Testing Protocols for Determining

Exposure to Radiolysis Products from Packaging Materials Ir-
radiated in Contact with Food. A copy of the analytical chem-
istry protocol can be obtained through the Center for Food
safety and applied Nutrition, Office of Premarket Approval,
Food and Drug Administration (HFS 215), 1110 Vermont Av-
enue, N. W., Washington, DC 20036.

Chemical and Sensory Changes
of Irradiated Packaged Products

Irradiation pasteurization of foods can cause chemical
changes, particularly to vitamins, lipids and proteins. The ex-
tent of change is a function of the absorbed radiation dose,
chemical composition of the food, presence of oxygen, prod-
uct temperature, and packaging. It is these chemical changes
that can challenge the use of irradiation for the pasteurization
of foods. Packaging has been singled out in technical reports
as having a potential effect on the sensory attributes of irradi-
ated foods. In general, the irradiation induced chemical
changes in the packaging material that can be used for irra-
diation will not have a significant affect on the product’s sen-
sory attributes. The most significant effect, however, will most
likely be the containment of irradiation-induced volatiles from
the food, particularly when gas impermeable materials are
used. Products packaged in a high oxygen atmosphere are
subject to both discoloration and off odors because of the
potential for oxidation. Both defects are independent of the
chemical changes in the packaging material.

For every food type that a processor intends to irradiate, a
thorough evaluation of the sensory changes is recommended
before commercialization. The evaluation should include the
packaging application, i.e. vacuum, MAP or ambient atmo-
sphere, and, if available, the irradiation facility that is intended
to be used for commercial production.

Summary

The availability of packaging materials for food irradiation
is very limited because of the limiting number of polymers
and additives approved by regulation in Section 179.45. Be-
cause of the extensive analytical chemistry studies required
to support a petition, and its preparation and regulatory re-
view time requirements, it is unlikely that a significant num-
ber of new materials will become available for irradiation
within the next 18 months. Since sensory attributes are im-
portant to consumer acceptance, it is important that proces-
sor conduct a thorough investigation into the effects of irra-
diation on each product-package application that is intended
to be irradiated.
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