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INTRODUCTION

The treatment of foods with ionising energy can have several

objectives, and involves foods of many types, hence the

variety of packaging likely to be encountered is wide indeed.

Guidelines published by the FAO/WHO Committee of the Codex

Alimentarius Commission state that "the packaging materials

shall be of suitable quality, acceptable hygienic condition

and appropriate for this purpose and shall be handled

according to good manufacturing practices taking into account

the particular requirements of the process. The doses

applied should be commensurate with the technological and

public health purposes to be achieved...". Since no testing

procedures are laid down, nor any indication given of the

factors to be considered in ensuring that the materials are

"suitable", "hygienic" and "appropriate", this does little

to reduce the range of materials or limit the conditions.

We may expect that, in addition to satisfying the us.ua!

requirements for food packaging materials, it would be

necessary to'know whether there is any interaction between

the food and the package during or after the irradiation,

and whether as a result of the irradiation, volatile or

leachable substances are released from the pack into the

food. Since radiation alters the physical and mechanical

properties of many materials, ve should have some idea as
»

to whether,at the radiation doses usedrthere are sjgnifleant

changes in properties such as tensile strength, burst

strength, elasticity, brittleness, opacity, colour, abrasion

resistance, stress cracking, delamination, corrosion, and

moisture and gas permeability. In some cases the pack may

need to withstand temperatures of -30° or less. If electron



irradiation is used a significant proportion of the energy

may be deposited in the pack, and it is therefore important
to ensure both that the food receives the correct radiation

dose and that the pack is suitably thin yet able to with-
stand damage duo to rough handling. Finally the pack luust
be of a nature that will prevent reinfection or infestation

of the treated food during subsequent handling and storage.

Studies of these aspects have been conducted under USAEC

contracts ' , and by the US Army and the US Department
of Energy using food-simulating .solvents with selected
packaging materials, mainly plastics, which were irradiated
to doses of up to 80 kGy. As a result of this work the

US Food and Drug Administration has approved a number of
substances for use in packaging materials for food irradiated

to specified doses. A list of some materials approved up to

1968 is shown in Table 1.

BACKGROUND CHEMISTRY

In order to appreciate some of the factors which may limit
the use of certain packaging materials, consideration must
be given to possible reactions involving the common materials
used in food packaging. These fall into three groups:

(1) glass and metals,
(2) cellulose-based products,
(3) synthetic polymers (i.e. plastics).

GLASS AND METALS

In this group only the glass jar and the tinplated steel
can need to be considered.

Glass is generally unsuitable because it is:

(a) readily discoloured by the radiation, and

(b) too thick for use with electron beam irradiation.



Because the properties that make steel an ideal container
for thermally processed foods are often unimportant for
irradiated foods the steel can can often be replaced by

cheaper, lighter more convenient forms of packaging.
With steel cans the radiation effects of importance are
those affecting the adhesion, integrity and corrosion

resistance of lacquers and enamels used on the internal
surfaces of the can. Also,irradiation at sub-zero
temperatures may exacerbate any tendency of these coatings

to become brittle and cracked. A study by the US Army
has shown that the performance of a range of epoxy based

coatings was satisfactory for irradiation doses to at least
75 kGy and temperatures down to -90°C.

CELLULOSE-BASED MATERIALS

Cellulose and its derivatives are degraded considerably by

radiation due to scission of 3-glycosidic linkages in the
main cellulose chain. The high value of about 10 for
G (scission) gives some indication of the extent of this
damage. Chain scission, carboxyl formation and carbonyl

(4)formation occur in the approximate ratio of 1:1:20 '.

These changes are accompanied by increased solubility in
water and dilute alkali, and disruption of the structure

of the cellulose fibres resulting in a reduction in

mechanical properties such as tensile strength, burst
strength, wet strength,tear resistance and puncture

resistance.

SYNTHETIC POLYMERS (PLASTICS)

The initial effect of ionising radiation on polymers is

cleavage of bonds and the formation of free radicals which
may take part in secondary reactions "leading to cross-

linking, formation of gaseous products (hydrogen, hydrogen
halides, hydrocarbons and carbon dioxide), production of

new unsaturation and colour Centres, and (in the presence of
oxygen) oxidation and peroxidation. These changes can
have a considerable effe'ct *on ptiysical properties.'



It has been found convenient to classify polymers into two

groups according to their response to irradiation; those

which predominantly crosslink and those which predominantly

degrade by main chain scission.

As might be expected, polymers such as cellulose (I) or

aliphatic polysulfones (II) with a repeating labile bond

in the chain are very susceptible to degradation.

II

For vinyl polymers having structure III (e.g. polyethylene,
polypropylene, polystyrene, poly(vinyl chloride) and
polyacrylates) the predominant effect is crosslinking; for
those with structure IV (e.g. polyisobutylene,
poly-a-methylstyrene, poly(vinylidene chloride) and
polymethacrylates) the main effect is degradation.
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In some polymers such as polypropylene, nylon and polyethylene

terephthalate crosslinking and degradation occur in roughly

equal amounts, and the predominant effect then depends upon

the conditions. It is often found with these and other

polymers that in vacuum or in thick samples in air the

polymer preferentially crosslinks especially at high dose

rates, whereas the irradiation of thin films in air causes

mostly degradation. In air, peroxy radicals are formed by

reaction of alkyl radicals with oxygen and these undergo

abstraction and disproportionation reactions leading to

terminal carbonyl groups rather than radical addition

reactions which result in crosslinking. For the irradiation

of oxygen-containing polymers such as polycarbonates the

result is usually the same in air as in vacuum.

If R and/or R1 in structures III and IV is a halogen, bond

scission results in formation of hydrogen and halogen atoms

and evolution of the hydrogen halide.

If R in structures III and IV is aromatic the effect of the

radiation, is considerably reduced by the ability of the

aromatic nucleus to absorb energy. Thus we find that the

extent of crosslinking in polystyrene is about 50 times

less than in polyethylene, and chain scission in poly-ct-

methylstyrene is about 20 times less than for polyisobutylene.

For some applications additives can be incorporated into the

polymer to increase or decrease the radiation effect. The

effects of ionising radiation on many of the materials used

in food packaging are summarised in Table 2.

THE PURPOSE OF IRRADIATION

In the selection of a suitable packaging material one must

keep in mind the purpose of the irradiation treatment because

this determines the radiation dose received by the food
and the package. Table 3 shows the range of radiation doses

approved in various countries for specific treatments of a
range of food items. A comparison of information in



Tables 2 and 3 shows that for many materials the irradiation

doses used are too low to cause significant, or even

noticeable, changes in mechanical properties. For some

applications however the performance of certain types of

packaging is worthy of a more detailed consideration.

THE PERFORMANCE OF CELLULOSE-BASED MATERIALS

Because of the nature of many of these materials they are

used with dry foods or as cartons for secondary packaging.

In these applications the effects of radiation on mechanical

properties such as tensile strength, burst strength,

puncture resistance and tear resistance are of primary

interest. Cellulose-based sheets and films can provide an

excellent barrier to gas, moisture and odours, and are

therefore used as overwraps, heat-sealed bags, and laminated

packs for hydroscopic foods or foods with high oil or

shortening content. In these applications the production of

colour, off-odours and flavours is important.

Tests on fibreboard and paperboard show that property

changes in these materials are not sufficient in practice

to restrict their use. Irradiation to 1 kGy decreases

tensile strength by less than 4%, and tear resistance by

2% . Irradiation to 10 kGy at temperatures between

20°C and -80°C decreases puncture resistance by 2 to 7%

and burst strength by 2 to 10%. Generally changes are less

at lower temperatures. Although irradiation to higher doses

required for food sterilization produces proportionately

larger changes in properties, these do not impair the

performance of fibreboard and paperboard boxes in simulated

transportation and shipping tests * '. Irradiation of

coated cellophane film to 10 kGy does not produce changes

sufficient to limit its use, although at doses of 50 kGy

the applications are limited1 '.



THE PERFORMANCE OF PLASTIC FILMS

Although changes in mechanical properties of plastic films

are reported* ' for radiation doses below 50 kGy there is

no known instance of failure of any single-layer or multi-

layer film package occurring as a result of this treatment.

Nevertheless, tests have shown that some materials are

superior to others in performance.

Irradiation to 60 kGy of polyethylene terephthaiate/aluminium

laminates bonded by an ethylene acrylic acid copolymer to

various inner (food contacting) films does not cause

delamination or a significant decrease in heat-seal strength.

A 20-30% decrease in tear resistance of laminates containing

polyethylene-polyisobutylene blend and polyiminocaproyl

(nylon) inner layer was however reported '. Another report

claimed improved bond and seal strength resulting from
10)

irradiation of nylon/Al/PET laminated pouches .

Changes in solubility or leachability resulting from

irradiation treatment are possibly of greater interest

though less extensively documented. In one test the migration

of antioxidant from polyethylene and polypropylene irradiated

to 25 kGy decreased into a food-simulating fat but increased

into water '. Other work showed that the migration of

antioxidants, plasticisers and tin stabilisers from

polystyrene and rigid PVC was reduced after irradiation* .

An extensive study at the US Army Laborator_ .. , with three

food-simulating solutions (water, 0.1M acetic acid and

n-heptane) in pouches made from nine plastic films (medium

density polyethylene, polyethylene-polyisobutylene blend,

polyiminocaproyl, polyiminoundecyl, plasticised poly(vinyl

chloride) vinyl chloride-vinyl acetate copolymer, vinyl

chloride-vinylidene chloride cop'olymer, polyethylene

terephthalate and polystyrene) showed that gamma or electron

irradiation up to 75 kGy caused only minor changes in the

amounts of extractives which consisted of either monomer,

low molecular weight polymer or plasticiser. Extractives



were slightly higher for n-heptane than for the aqueous

solutions, and were considerably higher for the polyethylene-

polyisobutylene film than for the others. Since the

instability of polyisobutylene towards ionising radiation is

well known it would seem wise to avoid use of this material

in food packing applications involving radiation.

The importance of oxygen-impermeable films for certain

products is demonstrated by'work involving irradiated fish.
(9)

In one study ' the shelf life of irradiated fish in

polyethylene, polypropylene, coated cellophane, nylon and

polyethylene terephthalate was 20 days compared to 30 days

or more when packed in cans. Another study showed that

polyethylene, polypropylene, cellophane and rubber hydro-

chloride were unsuitable for packaging irradiated fish

because of high oxygen permeability. On the other hand,

irradiated uncooked meats may require packages with some

oxygen permeability to maintain a normal red colour in the

meat.

CONCLUSIONS

Experience shows that, although the physical and mechanical

properties of many food packaging materials are measureably

affected at the irradiation doses used for the ionising

energy treatment of food, these changes are, with a few

exceptions, insufficient to prohibit actual use. The

selection of suitable packaging therefore depends on the

nature of the food, the purpose of the'treatment, the

conditions of irradiation and storage, an assessment of

material leached from the package into the food or lost by

the food through the package, physical properties of the

packaging material, and of course cost, availability and

appropriateness of the package.
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TABLE 1

Packaging Materials Approved by USFDA
for Use During Irradiation of Foods

Packaging Material Maximum Dose
(kGy)

kraft paper
glassine paper

wax coated paperboard

nitrocellulose coated cellophane

vinylidene chloride copolymer (Saran) coated cellophane

vegetable parchment

vinylidene chloride-vinyl chloride copolymer film (Saran)

vinyl chloride-vinyl acetate copolymer film

rubber hydrochloride films

polypropylene films

ethylene-alkene-1 copolymer

polyethylene films

nylon 6 films

polystyrene films

polyethylene terephthalate films

5

10

10

10

10

60

10

60

10

10

10

60

60

10

60





TABLE 3

Purpose of Process

inhibit sprouting

delay ripening/rotting

insect disinfestation

inactivate trichinae

kill trichinae

delay cap opening

extend shelf life
inhibit mould/rotting

reduce microbial load

sterilize special-use
foods

Food Irradiation Treatments

Irradiation
Dose Range

(kGy)

0.05 - 0.15

0.5 - 1.0

0.5 - 1.5

0.1 - 0.3

2.3 - 7.0

1.0 - 2.0

0.5 - 2.0

1.0 - 3.0

1.0 - 2.2
- 5.0

2.0 - 7.0
5.0 - 10.0

25 - 50

Food

potatoes, onions, garlic
mangoes, bananas, tomatoes, pears,
avocados, pulses, papaya, etc.

citrus, tomatoes, mangoes, papaya,
pulses, wheat, rice, dates, cocoa beans,
dried fruits, spices

pork

pork

mushrooms

fruit, vegetables
strawberries

fish, crayfish, prawns
cocoa beans
meat, poultry
spices

meals for hospital patients, astronauts,
'military, feeds for sterile laboratory
animals


