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Packaging for food irradiation
Joint FAO/IAEA/WHO Expert Committee approved the use of radiation treatment of foods.
Nowadays food packaging are mostly made of plastics, natural or synthetic, therefore effect of
irradiation on these materials is crucial for packing engineering for food irradiation technology.
By selecting the right polymer materials for food packaging it can be ensured that the critical
elements of material and product performance are not compromised. When packaging materials are in contact with food at the time of irradiation that regulatory approvals sometimes
apply.
The review of the R&D and technical papers regarding material selection, testing and
approval is presented in the report. The most information come from the USA where this
subject is well elaborated, the International Atomic Energy Agency (IAEA) reports are
reviewed as well. The report can be useful for scientists and food irradiation plants operators.

Materiały opakowaniowe w radiacyjnej obróbce żywności
Wspólny komitet FAO/WHO/IAEA zatwierdził stosowanie radiacyjnej obróbki żywności.
Obecnie żywność jest pakowana w opakowania wytwarzane głównie z materiałów polimerowych, naturalnych i syntetycznych, dlatego też efekt promieniowania na te materiały jest
bardzo ważny dla procesu napromieniowania żywności. W przypadku kiedy opakowanie
styka się z żywnością w chwili napromieniowania może być wymagane zatwierdzenie jego
użycia przez odpowiednie władze.
W raporcie przedstawiono przegląd wyników prac badawczych i rozwojowych dotyczących tej tematyki w zakresie doboru materiału, jego testowania i wymagań standaryzacyjnych. Większość informacji pochodzi ze Stanów Zjednoczonych, gdzie prowadzone są najszersze działania, zarówno w zakresie badań, jak i legislacji. W raporcie wykorzystano też
materiały publikowane przez Międzynarodową Agencję Energii Atomowej (MAEA). Raport
może być przydatny dla naukowców i osób pracujących przy radiacyjnej obróbce żywności.
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1. INTRODUCTION
Joint FAO/IAEA/WHO Expert Committee approved the use of radiation treatment of foods
up to 10 kGy dose in 1980 [1]. After 1980, new regulations allowed the irradiation of foods,
which were not approved for this process before in the USA [2]. Approval of irradiation for
treatment of packaged fresh or frozen uncooked poultry in 1990 and for treatment of fruits,
vegetables and grains in 1986 are some of the examples for these new regulations [3]. Today,
more than 40 countries permitted the use of irradiation of over 60 food products [4, 5].
Moreover, the use of irradiation is becoming a common treatment to sterilize packages in
aseptic processing of foods and pharmaceuticals [6]. Radiation is not only innovative
technology applied for food treatment (Table 1) [7]. While the effect of irradiation on the
packaging materials is well documented, changes that might take place in the properties of the
packages after exposure to other emerging techniques still need further investigation. Modifications in the properties of the packaging materials due to exposure to these processes do
not necessarily have negative implications. Some of these processes could be used to add
desirable properties to the materials such as increased adhesivity of some plastics after ozone
treatment. Therefore, it is necessary to understand the effects of these new treatments to
choose appropriate plastic films for specific processes, which is a critical information in the
development of new food processing systems.
Table 1. Effects of new processing techniques on the barrier properties of packaging materials.
Process

Material

Ionizing radiation LDPE, OPP

Ozone
High pressure

Effect

Reference

No change in oxygen permeability

[8]

PE pouch

No change in oxygen and water vapor
permeability

[9]

PET/PVDC/PE

Decrease in oxygen permeability

[10]

EVA

Increase in diffusivity and decrease in solubility
to volatile compounds

[11]

Virgin silicon membrane

Increase in oxygen permeability

[12]

PP/EVOH/PP,
OPP/PVOH/PE, KOP/CPP,
PET/A1/CPP

No change in oxygen and water vapor
permeability

[13]

PET7SiOx/PU adh/LDPE,
More than 50% increase in O2, CO2 and H2O(v)
PET/A12O3/PU adh/LDPE,
permeability of Met-PET, change in others are
PET/PVDC/Nylon/HDPE/PP, less than 20%
PE/Nylon/EVOH/PE,
PE/Nylon/PE, PET/EVA, PP,
Met-PET12

[14]

For the food irradiation, accelerators are available supplying electron beams in the
energy range up to 10 MeV [15, 16] and sources of the radionuclides 60Co and 137Cs emitting
gamma rays 1.17/1.33 and 0.662 MeV, respectively [17]. The introduction of new X-ray
(Bremsstrahlung) powerful radiation sources opens new, until now unexplored fields as well
[18]. Electron beams are corpuscular radiation and are characterized by limited penetration.
The whole energy of high-energy electrons is deposited in relatively thin layers of material. In
the case of X-rays and gamma rays, ionizing radiation is provided by photons which have no
mass and are thus able to penetrate deeper into materials. The 60Co emitted gamma rays lose
only 50% of the initial energy after penetrating material with a surface density of 25 g/cm2
(0.25 density). Dose rates are for gamma and X-rays 4 to 5 orders of magnitude lower as
compared to electron beam. Therefore, throughput efficiencies of gamma and X-rays are
significantly lower than those of electron beams. The radiation dose rate generated by the
electron accelerator of 15 kW power is approximately equal to that generated by 3.7x10 Bq

(1 MCi) of the cobal source. For example, a typical 10 MeV, 50 kW electron-beam accelerator can cold pasteurize ca. 31.5 tons of food per hour at a dose of 2 kGy. Even a low-power
(1 kW) 10 MeV accelerator will have a dose rate in excess of 450 kGy/h. The low dose rate
characteristic of the natural radioisotope decay means that in the case of gamma irradiation
dose rates on the order of 5-10 kGy/h are typical. Residence time in case of gamma facility
are at least several hours. This is, however, well compensated in gamma facilities by the
ability to irradiate large volumes, usually between 10 to 50 m3 at the same time. Gamma
irradiation is, therefore, particularly applicable to bulky products and even single pieces
measuring a few cubic meters are routinely irradiated. Similarly, the throughput efficiency for
X-rays is limited by the fact that in addition to generating photons, heavy metal targets
generate considerable heat [19], In fact, while X-ray target conversion efficiencies vary with
the atomic number of the metal used, they are typically no higher that 5-8%. In practice, this
means that in order for an X-ray to process products with the same speed as a 10 MeV, 50 kW
electron beam, it will need to have 625 kW of power [20].
Nowadays, food packaging are mostly made of plastics, natural or synthetic, therefore
effect of irradiation on these materials is crucial for packing engineering for food irradiation
technology The irradiation of polymeric materials with ionizing radiation (gamma rays, X-rays,
accelerated electrons, ion beams) leads to the formation of very reactive intermediates, free
radicals, ions and excited states. These intermediates can follow several reaction paths that
result in disproportion, hydrogen abstraction, arrangements and/or the formation of new
bonds. The degree of these transformations depends on the structure of the polymer and the
conditions of treatment before, during and after irradiation [21]. The subject concerning effect
of radiation on polymers is discussed in many scientific and technical papers. The general
overview of this topic was recently published by Clough [22]. Two important reports concerning the process were recently published by the International Atomic Energy Agency
(IAEA) [23, 24].
Due to the earlier discussed features of different radiation a significant difference exists
between electron beam and gamma radiation effects on polymers, which is related to dose rate
and often to oxidative degradation of material at or near the surface for reactions conducted at
low dose rates. Previously, the effect of ionizing radiation on polymeric materials has been
found to manifest in two ways: one was the molecular weight increasing in nature (crosslinking) and the other chain scission - molecular weight decreasing in nature (degradation).
There are, however, radiation resistant materials where no significant change in molecular
weight will be observed. The unique advantages in industry have flowed from the ability of
irradiation to process the packaged material, something which chemical means have not been
able to accomplish so far. A remarkable example is the radiation sterilization of medical
disposables, syringes, and tubing and food irradiation. Control of unwanted material changes,
including post irradiation degradation in mechanical properties and discoloration, has been an
integral part of commercialization. The development of radiation resistant materials has come
as savior to address this issue. As a result of exposure to irradiation, some chemical and
physical properties of polymeric materials might change. In case of gamma irradiation, the
long residence time enable the continuous diffusion of oxygen into the polymer. The G values
of crosslinking are thus much lower and deterioration of the material properties are
intensified. Usually, this is taken care of radiation crosslinking of the products not in this air
as usual, but in the atmosphere of a container, wherein the volume concentration of oxygen is
reduced to an appropriate lower value. The predominant reaction during irradiation in most
plastics used for food packaging, such as polyethylene (PE), polypropylene (PP), and polystyrene (PS) is generally crosslinking. Crosslinking could decrease elongation, crystallinity
and solubility and increase the mechanical strength of polymers. Chain scission, on the other
hand, decreases the chain length of polymers. Chain scission also caused production of
hydrogen, methane, and hydrogen chloride for chlorine-containing polymers under vacuum.
However, peroxide, alcohol, and various low molecular weight oxygen-containing compounds were formed by additional chain scission in the presence of oxygen. Crystallinity of
low-density polyethylene (LDPE), high-density polyethylene (HDPE), polypropylene, poly-

ethylene, poly(vinyl chloride) (PVC) and poly(vinylidene chloride) (PVDC) does not change
after radiation at doses between 0 and 8 kGy [25]. Rojas also did not detect any significant
change in the molecular structure of LDPE and oriented polypropylene (OPP) at low doses
(10-50 kGy) [8]. One of the concerns related to the radiation exposure of plastic films is the
formation of free radicals. These free radicals could be trapped in polymers in crystalline
regions and might be the cause of "aging" effects observed in PP. The main radical species
formed in polypropylene during irradiation are alkyl, allyl, polyenyl and peroxy radicals.
However, the phenoxy radical can dimerise disproportionate or combine to react with other
polymer radicals. Reaction with polymer peroxy radicals results in the formation of conjugated quinonoid compounds such as quinone methide and spiroquinolide ether. Greater
understanding of mechanisms and effect on resultant material properties is of paramount
importance for exploring innovative ways of minimizing degradation. Seeing that efficient
removal of free radicals plays a key role in protecting PP against radiolytic damage. The use
of a mobilizer was suggested by Beswick [26]. The mobilizer increases main chain radical
termination, significantly reducing polymer chain antioxidation and simultaneously facilitating the molecular diffusion of the large stabilizer (molecules usually added to inhibit
oxidation). It was also experimentally found that maintaining the lowest practical degree of
crystallinity is important. Thus polypropylene possessing higher molecular weight was found
to be more radiation tolerant than low molecular weight counterparts. Likewise, homopolymers with narrow molecular weight distribution are preferable. Molecular orientation
affects the radiation stability of polypropylene.
Most of natural polymers undergoes degradation [24]. Cellulose, the largest component
of paper, undergoes chain scission when it is irradiated, resulting in a loss in mechanical
properties.
By selecting the right polymer materials for food packaging it can be ensured that the
critical elements of material and product performance are not compromised.

2. PACKAGING FOR FOOD IRRADIATION
Many tests were performed to study the effect of irradiation on packaging material, some
results are cited below. It should be noted that in many cases the applied radiation doses were
in excess of those usually recommended for foods.
2.1. Synthetic polymers
Killoran examined the effects of irradiation to 71 kGy on five types of flexible pouches and
reviewed the literature on the irradiation effects on this packaging type [27]. He concluded
that irradiation to achieve shelf stability can easily be adapted for use with flexible pouches
and that meat and poultry items irradiated and stored at 21°C for two years remained uniform
and acceptable.
Thayer noted there is good data on the effect of irradiation of several polymer and
copolymer films [28]. Polyethylene, polystyrene and polyethylene terephthalate) (PET) appear to be well suited for use with foods to be irradiated. Thayer noted that few laminated
films had been intensively investigated; he suggested that satisfactory packaging materials
could be produced by coextrusion of previously approved polymers.
Many food packaging materials have been tested for their safety and functionality for
use in contact with foods during irradiation. Killoran reviewed several years of work by the
US Army on this issue [27]. The effects of gamma irradiation doses up to 100 kGy on the
optical properties of different commercial packaging films were studied as well. The packaging films analyzed were: polyethylene "LDPE", amide 6-amide 6.6 copolymer "PA6-PA6.6"

and poly(ethylene terephthalate) "PET". An investigation on film samples before and after
irradiation was performed by UV/VIS spectroscopy. The results showed that, in the absorption
spectra of irradiated LDPE and PA6-PA6.6 films, a red-shift in the wavelength of the UV
cut-off and a marked reduction in % transmittance (at low wavelengths) occur with increasing
radiation dose. With respect to PET samples, no significant changes were observed in either
light absorption or transmittance [29].
Mechanical strength properties of two types of Surlyn were investigated after exposure
to electron beam and degradiation at doses up to 50 kGy [30]. In this case, mechanical
properties including tensile strength, elongation, modulus and tear strength, were maintained
as well as the strength of heat seals over a one year period. However, heat seal strength of
electron-beam irradiated ethylene-vinyl acetate (EVA) decreased with increasing radiation
doses at high jaw temperatures [11]. Wilski reported that radiation dose required to reduce
elongation to half of its original value (half value dose) is a good measure of degree of
degradation of polymers by radiation [31]. Both chemical nature of the polymers and the
additives in the polymer significantly affect the half value dose (elongation) of polymers.
Oxygen permeability of irradiated LDPE and OPP films did not change significantly at doses
up to 25 kGy [8]. Pilette also did not observe any changes in the oxygen and water vapor
permeabilities of PE [9].
Flexible meat and poultry packages especially those made of nylon 6/aluminum
foil/PET-PE were found to be stable and very satisfactory when exposed to irradiation from
the safety and mechanical strength point of views. Although a significant number of flexible
packages with various food products were safe after they were irradiated, PE, PP, cellophane,
nylon 6, and rubber hydrochloride were found to be appropriate for the packaging of fish
during radiation [27].
Low molecular weight (volatile) radiolysis products of LDPE and PP films were
investigated by thermal desorption spectroscopy-gas chromatography-mass spectrometry
(TDS/GC/MS) after absorbed doses of up to 25 kGy. The films produce fingerprint chromatograms with highly characteristic patterns of groups of radiation-induced peaks; these are
mainly hydrocarbons, aldehydes, ketones, and carboxylic acids with concentrations (after 25
kGy) ca. one order of magnitude below that of the residual hydrocarbons (oligomers). PP
additionally produces very substantial amounts of three degradation products of phenol-type
antioxidants, The low molecular weight radiolysis products are retained for considerable
times in LDPE films and they are retained in PP films much longer than had been expected.
Effects of the absorbed dose and the desorption temperature; comparison of several commercial (proprietary) films; high-temperature thermal desorption: the question whether TDS
analyzes radiation-induced artifacts rather than genuine products; the possible existence of
cyclic radiolysis products; the possibility of identifying an LDPE as irradiated after a dose of
only 1 kGy; and typical trace fragments of antioxidants were studied [32].
The effects of gamma irradiation on physicochemical characteristics of biaxially
stretched PET packaging film were investigated in the range of 0-200 kGy. The diethylene
glycol (DEG) contents in PET chains were increased at the low doses 5 and 10 kGy, while
these values were decreased at high doses, in the range of 30-200 kGy. Molecular weights,
intrinsic viscosity and carboxy end group contents decreased slightly after 60 kGy dose.
Permeability, thermal properties, color, haze and surface resistivity on gamma irradiation of
oriented PET films were not significantly affected. Although some of the effects were
measurable, they have no significance with respect to the use of PET for packaging of foods
or medical devices to be irradiated [33]. Similar tests were performed by Moura et al. [29].
The effects of gamma irradiation doses up to 100 kGy on the optical properties of different
commercial packaging films were studied. The packaging films analyzed were: polyethylene
"LDPE", amide 6-amide 6.6 copolymer "PA6-PA6.6" and polyethylene terephthalate) "PET".
An investigation on film samples before and after irradiation was performed by UV/VIS
spectroscopy. The results showed that, in the absorption spectra of irradiated LDPE and
PA6-PA6.6 films, a red-shift in the wavelength of the UV cut-off and a marked reduction in
% transmittance (at low wavelengths) occur with increasing radiation dose. With respect to
10

PET samples, no significant changes were observed in either light absorption or transmittance.
The effects of gamma irradiation on the formation of solvent extractable radiolysis
products of six flexible packaging materials for foodstuffs and/or pharmaceutical applications
were studied after treatment in a 60Co-irradiation plant. The polymer materials polyethylene,
polypropylene, poly(ethylene terephthalate), polyamide, polystyrene and poly(vinyl chloride)
were investigated after treating with an irradiation dose of 44 kGy. The compositional changes
in solvent extractable radiolysis products of each packaging material were quantified. In most
cases the radiolysis products formed could be identified using GC/MS. The polyolefine
materials (PE and PP) showed an increase of low volatile compounds after irradiation due to
an oxidative decomposition of the polymer and typical polymer substances like oligomers and
additives. Other packaging materials such as PET, PA and PS did not significantly change
their amount of solvent extractable compounds after irradiation with 44 kGy. The PVC packaging material used in this study was not resistant to irradiation treatment at all. Because of
the release of hydrogen chloride during irradiation a large amount of volatile substances could
be extracted from the PVC sheet. For consumer protection and also to meet general food
packaging legislative requirements for irradiated packaging materials, it is necessary to
evaluate the compositional changes in the polymers during irradiation, especially for irradiated polyolefines and PVC. Most attention should be paid to low volatile radiolysis products
which are the most likely to migrate into a foodstuff or a pharmaceutical product [34].
The effects of gamma irradiation (5-60 kGy) on radiolysis products and sensory changes
of experimental five-layer food-packaging films were determined. Films contained a middle
buried layer of recycled LDPE comprising 25-50% by weight of the multilayer structure.
Respective films containing 100% virgin LDPE as the buried layer were used as controls.
Under realistic polymer/food simulant contact conditions during irradiation, a large number of
primary and secondary radiolysis products (hydrocarbons, aldehydes, ketones, alcohols, carboxylic acids) were produced. These compounds were detected in the food simulant after
contact with all films tested, even at the lower absorbed doses of 5 and 10 kGy (approved
doses for food preservation). The type and concentration of radiolysis products increased
progressively with increasing dose. Generally, there were no significant differences in radiolysis products between samples containing a buried layer of recycled LDPE and those containing virgin LDPE (all absorbed doses), indicating the good barrier properties of external
virgin polymer layers. Volatile and non-volatile compounds produced during irradiation
affected the sensory properties of potable water after contact with packaging films. Taste
transfer to water was observed mainly at higher doses and was more noticeable for multilayer
structures containing recycled LDPE, even though differences were slight [35]. In continuation
of this work, the effect of gamma radiation (doses 5-60 kGy) on the thermal, mechanical and
permeation properties, as well as on IR spectra of experimental five-layer food packaging
films were studied. Results showed that the percentage of recycled LDPE in the multilayer
structure did not significantly affect the melting temperature, tensile strength, percent elongation at break, Young's modulus, oxygen, carbon dioxide and water vapor transmission rate
values and the IR spectra of the non-irradiated and irradiated multilayer films. Irradiation
(mainly the higher dose of 60 kGy) induced certain small, but statistically significant differences in the mechanical properties of multilayer films (with or without recycled LDPE
layer), while no significant differences were observed in the thermal properties and in the gas
and water vapor permeability of multilayer films. The above findings are discussed in relation
to the good quality of the pre-consumer scrap used in the present study [36].
Two semirigid amorphous poly(ethylene terephthalate) copolymer materials (in both
sheet and powder forms) containing 3% 1,4-cyclohexane dimethanol (CHDM) and 31%
CHDM were irradiated at 5, 25 and 50 kGy at ambient temperature with a 60Co radiator or an
electron-beam accelerator. After irradiation, volatiles were determined using static head space
sampling with capillary gas chromatography and mass selective detection or flame ionization
detection (HS/GC/MSD or FID). Non-volatiles were extracted with 10% aqueous ethanol
and 100% rc-heptane food-simulating solvents, maintained at 40°C for up to 10 days. The
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non-volatiles in the materials and those migrating into the food-simulating solvents were
determined by high-performance liquid chromatography (HPLC) with UV and/or photodiode
array detection. The results obtained from the HS/GC/MSD suggest that no new chemicals
were detected by either gamma or electron-beam irradiation when compared with non-irradiated specimens. The major volatiles in the copolymers were acetaldehyde and 2-methyl-l,3-dioxolane. The concentrations of acetaldehyde increased from 1.24-1.96 mg kg"1 to 1.94-3.65,
3.52-7.23 and 5.45-15.37 mg kg"1 after exposure to 5, 25 and 50 kGy doses, respectively. The
concentrations of 2-methyl-l,3-dioxolane decreased from 2.49-5.26 mg kg"1 to 2.07-3.13,
1.33-2.14 and 0.64-2.24 mg kg"1 after exposure to 5, 25 and 50 kGy doses, respectively. The
results of analysis of the copolymers for non-volatiles show that irradiation did not produce
any new detectable non-volatile chemicals. A 5 kGy dose had no detectable effect on either
copolymer. The 25 and 50 kGy doses had slightly different effects with respect to gamma and
electron-beam irradiation on low molecular weight oligomers. However, these increased
doses did not significantly affect migration. The concentration of most low molecular weight
oligomers migrating into 10% ethanol and 100% heptane was <2 ng g"1 of each oligomer for
both copolymers. The cyclic trimer migrating from the 3% CHDM copolymer was approximately 4 ng g"1; it was 3 ng g"1 for the 31% CHDM copolymer. The overall results suggest
that irradiation significantly increased levels of acetaldehyde but had no effect on non-volatile
compounds migrating into food simulants [37].
Table 2. Effects of new processing techniques on the mechanical properties of packaging materials.
Process

Material

Ionizing radiation EVA

Ozone

High pressure

Ultrasound

Effect
Decrease in heat seal strength

Reference
[11]
[30]

Surlyn

No significant change in tensile strength,
elongation, Young's modulus, tear strength
and heat seal strength

PS powder

Battle and opaque

[38]

PE

Decrease or increase in elongation depending
on exposure time

[39]

PP/EVOH/PP, OPP/PVOH/PE, No significant change in tensile strength and
KOP/CPP, PET/A1/CPP
heat seal strength

[13]'

PET/SiOx/PU adh/LDPE,
PET/A12O3/PU adh/LDPE,
PET/PVDC/Nylon/HDPE/PP,
PE/Nylon/EVOH/PE,
PE/Nylon/PE, PET/EVA, PP,
Met-PET12

No significant change in tensile strength, but
increase in percent elongation

[14]

Sodium caseinate

Increase in tensile strength and puncture
resistance and no change in elongation

[40]

Stoffer in his thesis [41] performed a feasibility study for the certification of six reference materials for specific migration testing of food packaging materials. The overall results
of the certification exercise, covering results for three certification parameters (initial concentration of migrants, specific migration value and diffusion coefficient) from four participating laboratories were evaluated. The development and validation of analytical methods for
the nylon 12 monomer laurolactam was described. The new methods were applied during two
studies. Alternative fatty food simulants for nylon 12 were evaluated, and nylon 12 films were
subjected to two food simulants on either side simultaneously, in order to simulate their use as
sausage casings. Mathematical models simulating both one- and two-sided migration were
described and a way to estimate diffusion and partitioning coefficients of the migrants including their confidence intervals - was introduced. Effects of gamma irradiation on some
certified reference material candidates were also investigated. Amounts of common polymer
additives (Irganox 1076 and Irgafos 168) from polyolefines decreased with higher irradiation
12

doses due to the degradation of these additives in the polymer, however, the overall migration
did not significantly change. With rising irradiation doses, the sensory quality with respect to
odor increased for polystyrene and decreased for the other polymers investigated.
The effects of gamma irradiation on polymers used in food packaging have been studied
by nuclear magnetic resonance (NMR). In order to assess the presence of a threshold dose for
an observable effect, the whole range of 1-100 kGy was investigated. Polystyrene, polybutadiene, styrene-acrylonitrile, high-impact polystyrene and acrylonitrile-butadiene-styrene were
studied before and after the gamma irradiation treatment and in the presence or in the absence
of antioxidants and stabilizers. In the absence of stabilizers, the effect of gamma irradiation on
polystyrene is negligible even when operating at high doses. In contrast, the role of antioxidants and stabilizers is crucial in polybutadiene and butadiene-containing copolymers.
High resolution NMR, dynamic mechanical analysis, impact analysis and gel permeation
chromatography performed on irradiated polystyrene samples do not show any detectable
effect, confirming polystyrene as an ideal polymer for food packaging use [42].
Comparison of influence of different innovative food treatment technologies on packaging
materials is given in Table 2 [7].
2.2. Natural polymers
Killoran also conducted extensive tests on the effects of irradiation on functionality of fiber
board and paperboard containers [27]. He noted that irradiation at food sterilization doses
(which one has to presume to be the 60 kGy Killoran reported on), did cause reductions in the
performance of the materials. In addition, we note that since Killoran's work, Sterigenics [20]
has decades of practical experience with the irradiation of these products. Kraft paper bags
have been the packaging material for many spice and dry ingredient products that are
commonly irradiated with no change in functionality observed. Fiber board barrels are also
commonly irradiated, and even repeatedly irradiated, with no change in functionality. Elias
also noted that the printing inks, dyes and pigments in commercial printing use as surface
coatings of food packaging materials were resistant to irradiation up to 10 kGy. Additionally,
electron-beam curing of commercial printing inks and dyes is a thriving industry in the USA,
and one does not expect this aspect to be a problem. As discussed, some packaging materials,
such as those used for seafoods, or some animal feeds with a higher fat content are waxed.
Elias discussed the effects of irradiation on waxes [43]. Tests were only conducted to 10 kGy,
and no significant changes in the properties of waxes used in conjunction with food packaging
materials were noted. Additionally, although not an irradiation application currently used in
the USA, there is considerable international experience in the irradiation of foods in waxed
cardboard, since that is the material commonly used to package frozen shrimp. No concerns
or problems have been reported by companies irradiating shrimp in several countries.
Effects of gamma irradiation on synthetic polymers and paper used as packaging
materials for irradiated food have been studied by NMR. Polystyrene, polybutadiene and
some copolymers were studied before and after the gamma irradiation treatment and in the
presence or absence of antioxidants and stabilizers. In the absence of additives, the effect of
gamma irradiation on polystyrene is negligible even irradiating at high doses. In turn, the role
of antioxidants and stabilizers is crucial in polybutadiene and butadiene-containing copolymers.
Wood pulp paper was also studied by NMR. Preliminary measurements on gamma-irradiated
wood pulp sheets show a shortening in the T2 relaxation time component due to the bound
water, i.e. some of the bound water is lost [42].
In Komolprasert et al. study [44] FTIR (Fourier-transform infrared spectroscopy),
HPLC, GC/FID and GC/MS were evaluated as analytical methods for identifying and quantifying any radiolytic products which are formed in the soaker pad, PET and polyethylene
terephthalate) glycol copolyester (PETG). An HPLC method was developed and used to
quantify mono- and disaccharides which may be cleaved from the cellulose in the soaker pad
after irradiation with 2.4 kGy dose of gamma irradiation at 10°C. The analytical results
13

indicate that mono- and disaccharides migrate into a 10% aqueous ethanol food simulant at
concentrations of 16-40 and 63-143 ppb, respectively. Other polysaccharides were not detected (<10 ppb). There were no radiolytic products detected that migrated into the n-heptane
solvent. The results from the headspace gas analysis indicated that there was no apparent
effect of gamma irradiation at 2.4 and 10 kGy evolution of volatile hydrocarbons from PET,
PETG and the soaker pad.

2.3. Metal
Killoran evaluated the safety of tinplate cans used in meat and poultry packaging after they
were subjected to irradiation [27]. Eight enamels coated on tinplate panels, three end sealing
compounds, two tinplates, and one side-seam solder were used in this study. Packages were
found to be satisfactory and safe under all test temperatures (5, 30 and 90°C) and radiation
doses up to 75 kGy.
2.4. Glass
In general, it seems most of the packaging materials used for feeds are reasonably well suited
for irradiation (OPP excepted). Glass but it may be used for some supplement or cosmetic
products. Normal glass, however, may discolor to tan or taupe in the dose range requested
[45]. Since tinted glass is not usually preferred as a packaging material, unless the contents
are light sensitive, glass may not be a good choice for this purpose. Glass used in medical
applications for irradiation is specially formulated so it does not tint; some plastics are also
specially formulated for this same reason [20].
2.5. Additives
The effect of 10 and 20 kGy gamma irradiation was studied on chromophtal yellow 2RLTS
(Yellow 110-2, 3, 4, 5-tetrachloro-6-cyanobenzoic acid) and Irgalite Blue GBP (copper (II)
phthalocyanine blue) colorants, which were added to polystyrene material used to package
food prior to irradiation. Analytical results obtained suggest that irradiation did not generate
any new chemicals in the PS polymer containing either yellow or blue colorant at a concentration of up to 1% (w/w). Both yellow and blue colorants are relatively stable to gamma
irradiation [46].
Infrared spectroscopy has been used to identify and quantify the phosphite antioxidant,
tris(2,4-ditert-butylphenyl) phosphite, and its corresponding phosphate in high-density polyethylene food trays, both in the original, commercial trays and also as a function of gamma
irradiation and postirradiation, storage conditions. This direct method of inhibitor analysis
complements time-consuming (some times non-quantitative) extraction methods, which for
organophosphites are complicated by their facile conversion to phosphates by peroxidic
impurities in the solvent. Because of the complete destruction of phosphite to give mainly
phosphate at quite low gamma irradiation doses (~5 kGy) and phosphate formation during
melt processing and radiation sterilization of these HDPE trays must take into account
products from the irradiation of phosphate. Any residual phosphite is lost progressively in
postirradiation reactions, which are complex, producing a less than quantitative yield of
phosphate [47].
Derivatives of antioxidant Irgafos 168 (2,4-diterbutylphenol and 1,3-diterbutylbenzene)
and of the light stabilizer Tinuvin 770 (aminoxy radical) have been characterized in ionized
materials or in food simulators. The observed total extracted amounts are always lower than
global migration limits allowed by legislation [48].
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Experiments conducted with food-grade PVC film exposed to high doses of electron-beam irradiation (20-50 kGy) demonstrated that increased amounts of dioctyl adipate,
a plasticizer, migrated into olive oil after the higher dose of irradiation [49].
2.6. Irradiation and storage atmosphere
Refrigerated patties made from pork loin, individually vacuum- or aerobic-packaged were
irradiated at 0, 1.5, 3.0 or 4.5 kGy absorbed dose, and frozen ones were irradiated at 0, 2.5,
5.0 or 7.5 kGy. Samples were analyzed for lipid oxidation, volatile production and odor
characteristics. Refrigerated samples were analyzed at 0, 1 and 2 weeks, and frozen ones after
0, 1.5 and 3 months of storage. With vacuum packaging, the lipid oxidation (2-thiobarbituric
acid reactive substances - TBARS) of both refrigerated and frozen patties was not in
enhanced by irradiation and storage time except for the patties irradiated and refrigerated at
7.5 kGy. With refrigerated storage, panelists could detect irradiation odor at day 0, but not
after 1 week at 4°C. With frozen storage, however, irradiation odor was detected even after 3
months of storage. With aerobic packaging, the TBARS of refrigerated pork patties increased
with storage time. The TBARS of pork patties increased as irradiation dose increased at day
0, but the effect disappeared after 1 week at 4°C. Non-irradiated patties were preferred to the
irradiated ones at day 0 because of the significant irradiation odor in the irradiated ones, but
the odor disappeared after 1 week at 4°C. With frozen storage, patties irradiated at 7.5 kGy
had higher TBARS than those irradiated at lower doses. Non-irradiated patties had higher
preference scores than the irradiated ones for 1.5 months in frozen storage. Sulfur-containing
compounds were responsible for most of the irradiation odor, but these volatilized quickly
during storage under aerobic conditions. Overall, vacuum packaging was better than aerobic
packaging for irradiation and subsequent storage of meat because it minimized oxidative
changes in patties and produced minimal amounts of volatile compounds that might be
responsible for irradiation odor during storage [50]. Normal, pale-soft-exudative (PSE), and
dark-firm-dry (DFD) pork Longissimus dorsi muscles were vacuum-packaged, irradiated at 0,
2.5 or 4.5 kGy, and stored at 4°C for 10 days. The pH, color and lipid oxidation of pork were
determined at 0, 5 and 10 days of storage. Volatile production from pork loins was determined
at day 0 and day 10, and sensory characteristics at day 7 of storage. Irradiation increased the
redness of vacuum-packaged normal, PSE and DFD pork. However, the TBARS values of
three types of pork were not influenced by irradiation and storage time. Irradiation increased
the production of sulfur-containing volatile compounds, such as mercaptomethane, dimethyl
sulfide, carbon disulfide, methyl thioacetate, and dimethyl disulfide, as well as total volatiles
in all three types of pork. Normal pork produced higher levels of total and sulfur-containing
volatile compounds than the PSE and DFD pork did. The volatiles produced by irradiation
were retained in the vacuum packaging bag during storage. Although the odor preference for
the three meat types of pork was not different, the panelists could distinguish irradiated meat
from the non-irradiated. Industrial relevance: Several USA meat companies have already
started test-marketing irradiated meat products. Irradiation and the subsequent storage of pork
improved the color of PSE and DFD pork, and showed generally similar effects on the
production of volatiles, except that there appeared to be a lower level of sulfur volatiles in the
PSE than in the other two samples. This indicated that irradiation can increase the utilization
of low-quality pork (PSE and DFD). DFD pork, in particular, which has shorter shelf life than
the others, could benefit the most from irradiation because the shelf life of DFD meat can be
extended significantly by both the methods of vacuum packaging and irradiation [51, 52].
As a matter of fact, atmosphere of irradiation may influence microbiological decontamination as well. A study was conducted to evaluate the efficiency of gamma irradiation
combined with modified atmosphere packaging as an alternative treatment to ensure the
innocuity and the shelf life extension of precured vegetables. Grated carrots were inoculated
with Escherichia coli (106 CFU/g) and packed under air or under modified atmosphere
packaging (MAP) condition (60% O2, 30% CO2 and 10% N2). The packages were then
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gamma-irradiated at doses from 0.15 to 0.9 kGy and stored at 4 ± 1°C. Escherichia coli counts
were periodically evaluated during 50 days of storage. Results showed that at day 1, an
irradiation treatment at a dose of 0.15 kGy reduced by 3 and 4 log the microbial level
representing a level of 3 and 2 log CFU/g when samples were irradiated under air and under
MAP, respectively. However, a level of 3 log CFU/g was detected in both treated samples
after 7 days of storage. When samples were irradiated at doses higher than 0.3 kGy no
Escherichia coli were detected during the whole storage in samples treated under MAP.
However, when samples were treated under air, a level of 1-2 log CFU/g of Escherichia coli
was detected after 5 days of storage [52]. Similar results were reported for endive. Cut pieces
of endive were inoculated with histeria monocytogenes, packaged in gas-impermeable bags in
air, 5/5/90% or 10/10/80% CO2, O2 and N2 ("air-0", "5/5" and "10/10", respectively) and
irradiated to 0.0 (control), 0.3 or 0.6 kGy. At various times during refrigerated storage,
samples were taken and a determination made of total microflora, histeria monocytogenes,
headspace gas composition, color and texture. Irradiation reduced initial microbial counts in a
dose-dependant manner. Bacteria regrew during storage on air-0 samples, but not on 5/5 or
10/10 samples. In each of the three atmospheres, oxygen declined and carbon dioxide increased, irrespective of radiation dose. Irradiated leaf material in air-0 tended to retain color
attributes during storage better than non-irradiated; color retention was more variable under
5/5 and 10/10 packaging. After 8 days, maximum shear force relative to the initial level was
significantly reduced in 5/5 at all radiation doses, was not significantly changed in air-0, and
was dose-dependent in 10/10. By 14 days, the texture of all samples had degraded significantly. These results indicate that irradiation and modified atmosphere packaging can be
combined to prevent the regrowth of histeria monocytogenes during postirradiation refrigerated
storage, thereby improving product safety [53].

3. REQUIREMENTS
Food packaging is a critical technology in today's world, working to address the ever „increasing demands for convenience, freshness, ease, shelf life, safety and security coming from
all sectors - private, public, regulatory and academic:
• maintains the safety of processed foods;
• addresses the need of industry for safe, novel, approved techniques;
• provides accurate, current data on questions of regulatory issues;
• validates research innovations;
• assists regulatory agencies in their decision making process.
Specific packaging for each type of the product should be applied.
General requirements regarding food irradiation and applied packaging have been
published in FAO/IAEA/WHO report [1]. However, this document is a recommendation only
and standards have to be established by national or international (like European Union)
regulatory bodies. A set of the codes (Appendix 1) for different food items irradiation was
prepared by ICGFI (Joint FAO/IAEA Division of Nuclear Techniques in Food and Agriculture). These codes include chapters which address issue of packaging as well. One
example cited below is a chapter in the ICGFI Document No. 20 [54].
Appropriate packaging in insect-resistant material or in one that will as much as possible prevent infestation should be a prerequisite to irradiation. Additionally, the packaging
material should provide a moisture barrier to prevent moisture gain by the product. Vacuum
packaging may be recommended for tree nuts, as is the use of carbon dioxide to replace air in
the packaging to avoid rancidity.
Packaging materials in contact with the product should be compatible with irradiation
and the product (e.g. should not undergo significant alteration of their functional properties as
a result of irradiation at the doses required nor yield toxic materials which can transfer to the
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Table 3. Packaging materials specifically authorized for food irradiation in some countries (ICGFI).
Packaging material

Country where specifically authorized

Cardboard

Poland, United Kingdom

Ethylene-vinyl acetate copolymer
Ethylene-vinyl acetate coextruded

USA
Canada, USA
Canada, USA
India
India
USA

Fiber board, wax-coated
Fiber board
Glass
Glassine paper
Hessian
Kraft paper
Nitrocellulose coated cellophane
Nylon 6
Nylon 11
Paper
Paperboard, wax-coated
Paper, coated (hot-melt)
Paper, coated (polyethylene)
Paper/aluminium foil laminates
Paper/aluminium foil/ionomer laminates
Polyamide
Polyamide-polyethylene
Polyester-metallized-polyethylene
Polyester-polyethylene
Polyethylene
Poly(ethylene terephthalate)
Polyethylene (extensible)
Polyethylene (high-density)
Polyethylene (low-density)
Polyethylene/paper/aluminium foil laminates
Polyolefine
Polyolefine (high-density)
Polyolefine (low-density)
Polypropylene
Polypropylene metallized
Polystyrene

United Kingdom
USA
India, USA
India, USA
India, USA
Poland, United Kingdom
India
Poland
Poland
Poland
Poland
Poland
Poland
Poland
Poland
India, USA
India, USA
Poland
Poland
Poland
Poland
USA
Canada
Canada
Poland, United Kingdom
Poland
Canada (as foam), India, USA
India, USA
India
India, USA
India, USA
USA
India, USA

Rubber hydrochloride
Steel, tin plated or enamel lined
Vegetable parchment
Vinyl chloride-vinyl acetate copolymer
Vinylidine chloride copolymer-coated cellophane
Vinylidine chloride-vinyl chloride copolymer
Wood

India, Poland
Poland

"Viscosa"

NOTE: Poland - Recommended by Packaging Research and Development Centre, Warsaw, Poland,
doses up to 35 kGy after investigation in 1986-1990 [55]. India - All polymeric films recommended
for use up to 10 kGy. Date of approval - 22 June 1996. Wood and fiber board approved as secondary
container, no dose mentioned.
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dried products) [32]. Polyethylene, polypropylene, biaxially oriented polypropylene (BOPP)
or other clear flexible materials of similar qualities may be used for packaging. Polypropylene
or BOPP is more effective than polyethylene in preventing insect penetration. Thickness of
the film is, of course, a dominant factor. Combinations of films or laminates may be used,
such as polypropylene and polyethylene or polyester and polyethylene. Polyethylene film is
oxygen permeable, thus polypropylene, BOPP or laminates should be used to minimize
oxidative damage. Here too, film thickness has considerable influence. The oxygen already
dissolved in the dried fruit, cannot, of course, be avoided. Jute bags with a polyethylene lining
may be used in bulk packaging of these commodities, provided the gunny bag is treated
externally with authorized insect repellents (e.g. permethrin). The US Food and Drug Administration (US FDA) has approved a number of packaging materials for use in food irradiation
processing of prepackaged food [56]. A letter of "no objection" has been granted by the Health
and Welfare Canada for use in irradiation processing of food [57]. Other national regulations
specify lists of authorized packaging materials for food irradiation (Table 3). Carton boxes
with a suitable liner, such as high-density polyethylene or an equivalent material, are
acceptable for bulk packaging. Rigid containers such as wooden, metallic or plastic boxes
provided with suitable liners or covers which prevent moisture gain by the product may be
employed for bulk packaging. (These containers may, however, become unusable after many
irradiations at the low doses employed [27].) The size and shape of containers which may be
used for irradiation are determined in part by certain aspects of the irradiation facility. The
critical aspects include the characteristics of the product transport system and of the irradiation source, as they relate to the dose distribution obtained within the container. The irradiation procedure will be facilitated if the product packages are geometrically well defined
and uniform. With certain irradiation facilities, it is possible to determine and specify the most
suitable shapes and sizes of the unit packs. As the choice of packaging may be restricted by
regulations and availability of packaging materials in the country where the product is
produced, it is necessary to consider the trade requirements of the importing country.
As addressed above, packaging materials for food products may be irradiated either
prior to or after filling. Packaging materials are commonly irradiated prior to filling by
companies in the dairy (cream, butter, eggnog), processed foods (sauces, salad dressings,
processed meats, fruitgels), beverages (juice, wine), OTC (over-the-counter) drugs, pharmaceutical and medical device industries. Packaging materials are often considered a critical
control point in HACCP systems of food companies. Methods for the determination of the
microbial contamination rate of plastic cups, especially for dairy products, must reliably
detect single moulds, yeasts or coliforms. In this study, a comparison of a specially adapted
coating method, impedance method, direct inoculation and membrane filter technique was
carried out to determine contamination with yeasts, moulds, coliforms and total bacterial
counts using the appropriate agar in each case. The coating method is recommended for
determining yeasts, moulds and coliforms as it allows the localization of the microorganisms
as well as the determination of single microorganisms. For total bacterial count, a direct
inoculation technique is proposed. The employing of simple measures in the production and
during transport of packaging materials, such as dust-prevention or tight sealing in polyethylene bags, heavily reduces microbial contamination rates of packaging material. To reduce
contamination rates further, electron-beam irradiation was applied: plastic cups sealed in
polyethylene bags were treated with 4-5 kGy, a dose that already leads to sterile polystyrene
and polypropylene cups without influencing mechanical characteristics of the packaging
material [58]. In the USA, Europe and Canada the irradiation of empty packaging represents a
very significant use of contract radiation facilities worldwide. Neijssen published the following list of packaging materials irradiated in European irradiation facilities [6]: bag-in-box
(plastic or plastic-aluminum laminates); cups of cardboard or plastic; valves of metal or
plastic; plastic or paper bags; cardboard; tins; aluminum tubes; plastic syringes; buckets; pots;
jerry cans; plastic tanks; rolls of plastic, aluminum and coated cardboard; rubber or cork
plugs. Laminated plastic films with aluminium foil are routinely sterilized by radiation, they
are used for hermetically sealed "bag-in-a-box" products, such as tomato paste, fruit juices,
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and wines. Other aseptic packaging materials, dairy product packaging, single-serving containers (e.g. for cream), and wine bottle corks are also sterilized by irradiation prior to filling
and sealing to prevent product contamination. Other types of materials used to wrap food or
other products also are routinely processed by radiation in many countries. The radiation
process is used to "crosslink" the material's polymer chains for greater strength and heat
resistance, and for producing plastics with special properties (e.g. shrink wrap) [59].
Consider, if irradiation has been used in the manufacture (or sterilization) of packaging
before food is added. US FDA considers this use to be the same as any other manufacturing
process, namely, the final irradiated packaging must comply with the appropriate regulations
and must not otherwise adulterate food, e.g. by releasing decomposition products that may
render the food injurious. US FDA believes that, as part of good manufacturing practice,
manufacturers must always consider the effects of changes in their manufacturing processes
and test to ensure that the final product is suitable for holding food.
3.1. Testing
Different, including radiotracer methods, have been developed to measure the migration of
trace elements from food packaging into food or food simulants. Thompson investigated such
migration into four standard food simulants: acetic acid, ethanol, olive oil and deionized water
[60]. A sample of the material was irradiated by neutrons to activate trace elements, then
migration of them was measured by the gamma spectrometric method.
A significant change in the US FDA approval procedure was instituted in January 2000
with the new Food Contact Notification (FCN) system. To get approval for a new food-contact substance (FCS), the producer submits information including composition; intended use
including additive level usage temperature and type of food the substance will contact; and
data on migration of the substance into food. Migration studies can use food-simulating
solvents, such as 10% ethanol to represent aqueous, acidic and low-alcohol foods, or a food
oil or 50 or 95% ethanol to represent fatty foods. Experimental temperature and duration are
set at the most extreme anticipated conditions. For example, the most extreme condition
requires heating at 120°C for 2 h, followed by 10 days at 40°C, in a special cell designed, to
withstand the extremes of temperature and pressure. The US FDA uses migration data to
estimate consumer exposure to the substance. In the previous system, an application could
take years to gain approval. With the FCN system, the US FDA has 120 days to review the
application and object based on safety grounds, or the substance may be-marketed. The FCN
system is economically attractive to companies since the use of the clearance is limited to the
notifying company.
Low molecular weight constituents of poly(ethylene terephthalate), were irradiated with
Co gamma rays at 25 and 50 kGy, were analyzed by HPLC/MS with atmospheric-pressure
chemical ionization (APCI). Consistent with earlier results, the concentrations of the major
compounds that are present in the non-irradiated PET do not change perceptibly. However, we
find a small but significant increase in terephthalic acid ethyl ester, from less than 1 mg kg"1
in the non-irradiated control to ca. 2 mg kg"1 after 50 kGy, which has not been described
before. The finding is important because it gives an impression of the sensitivity of the
analytical method. Additionally, it shows that even very radiation-resistant polymers can form
measurable amounts of low molecular weight radiolysis products. The potential and limitations
of LC/MS for the analysis of radiolysis products and unidentified migrants were briefly
discussed by Buchalla [61] in the context of the question: How can we validate our analytical
methods for unknown analytes?
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4. REGULATORY ISSUES
Most developed standards and regulations regarding packaging for food irradiation are in the
USA. In the United States, food packaging materials, including additives in the polymers, are
regulated by the US Food and Drug Administration. US FDA requirements vary with the
endues of the packaging material, such as type of food that will be contacted and usage
temperature. To gain direct food contact approval, materials must meet extractability requirements. Although regulations are vague in some areas, the general principle is that no matter
what is in the packaging, it must not adulterate the food. Packaging materials (before they are
used as a food package) are irradiated without the need for regulatory approval in all
countries. This is different from irradiation during the manufacture of the packaging material
because, in that case, a volatile decomposition product may not be present when the food is
put into the package. Irradiation of food in a package is a special case, however, because any
decomposition products that might be released during irradiation would migrate directly into
the food. It is only when packaging materials are in contact with food at the time of irradiation
that regulatory approvals sometimes apply. Irradiation can cause chemical change in packaging, as well as in food, and this can affect migration of the package components (or
degradation products of those components) to food. Irradiation can cause crosslinking, which
would likely reduce migration, but it also can cause decomposition to lower molecular weight
entities with increased migration characteristics. In this instance, regulators are usually
interested to now whether the irradiation can result in migration of packaging components to
the food as a result of the irradiation. Therefore, US FDA requires that packaging that holds
food during irradiation complies with regulations (CFR 21, part 179.45 [56]) based on
appropriate testing. Packaging materials that are approved for irradiation in contact with food
materials can be obtained from a number of packaging suppliers. It is the responsibility of
packaging suppliers to obtain approval for their materials and ensure any treatment, including
irradiation, does not harm the suitability of the packaging material. A list of approved
packaging materials can be found in CFR 21, part 179.45, subpart C. For existing packaging
materials approved for food use, but not specifically irradiation processing, to be legally used
in cold pasteurization a separate petition or premarket notification (PMN) is required on a
petition basis, the regulation now comprises an interesting hodgepodge of packaging materials,
some approved for certain types of irradiation and at certain doses only, with very few approved for irradiation processing across the board. For example, CFR 21, part 179.45, subpart
B specifies a number of packaging materials, but for use with gamma irradiation up to 10 kGy
only. These include glassine paper, coated cellophane, wax-coated paperboard, kraft paper,
nylon 11, as well as multilayer PET, PVDC-VC copolymer, PS, and polyolefme films.
Likewise, CFR 21, part 179.45, subpart D specifies several packaging materials, but for use
with gamma or X-ray irradiation up to 60 kGy only [62]. These include vegetable parchments
and multilayer PE, nylon 6, PET, and PVC-VA copolymer films. Only CFR 21, part 179.45,
subpart C specifies one material - ethylene-vinyl acetate copolymers - for use with any of the
three irradiation sources approved for cold pasteurization up to a dose of 30 kGy [63]. These
regulations have been amended rarely in recent years, and the US FDA now has in place two
other ways for manufacturers to obtain approval of packaging materials for irradiation
treatment, threshold of regulation and premarket notification. In November 1997, Congress
provided for a notification process, rather than a petition and promulgation of a regulation, as
a lawful way of establishing the safety of new packaging. This notification process was
contingent on appropriation of funds, which the Congress started providing since 2000. The
notification process allows that packaging used to hold foods need not comply with CFR 21,
part 179.45 if their safety is established and made lawful by testing and submission of a
notification.
Although food companies have been driving a trend towards irradiation to prolong shelf
life, general US FDA guidance on package irradiation has not yet been published. The US
FDA does give advice to companies about specific irradiation questions. US FDA urges
20

packaging manufacturers, and others interested in using a packaging material for holding food
during irradiation, to check these regulations early in their planning for commercial
development either to ensure that the proposed packaging has been listed in the regulations
for packaging to be used during irradiation or to submit either a petition or a notification, for
additional packaging materials. A petition to permit irradiation of packaging material otherwise approved for food use must show that migration from the irradiated material does not
raise new issues not considered in the earlier approval. US FDA is ready to provide guidance
to anyone interested in submitting such a petition or notification [64]. The Nuclear Center for
Food Safety and Technology (NCFST) consortium of polymer manufacturers, converters and
food industry representatives sponsors an irradiation task force that is working towards approval of contemporary additive packages and new polymers. The US FDA now has three
ways in which a food contact substance may be regulated for use during the irradiation
treatment of foods. The packaging material must be part of an applicable food additive
regulation (CFR 21, part 179.45) or an exemption from regulation (threshold of regulation
policy, CFR 21, part 170.30), or an effective food contact substance notification. It is anticipated that in the future, most requests will be through the premarket notification process.
This process provides the US FDA with 120 days in which to object, or the manufacturer can
begin to utilize the food contact material. The information provided in the notification is
confidential while the notification is undergoing review. However, the notification is specific
to the notifier and for the material specified in the notification [65].
Standard guides written by internationally recognized metrological organizations such
as the American Society for Testing and Materials (ASTM) Subcommittee E10.06 on Food
Irradiation Processing and Packaging are used by governments and the food processing
industry to provide information and reference materials pertaining to critical food safety
issues and to conduct appropriate product assessment tests to determine the compatibility
between the packaging application and irradiation relative to changes in food sensory
attributes and shelf life. ASTM Standard Guide F1640-03 "Selection and use of packaging
materials for foods to be irradiated" addresses issues including terminology, significance and
use, fitness for use, packaging applications, and sensory changes in food that are required by
the radiation processing industry and provides guidance relating to regulatory requirements of
countries allowing irradiation of food and agricultural products [66].
There are no polymers approved for electron-beam processing at doses higher than 30
kGy. There is but a single material approved for use using all three irradiation technologies
and only up to the 30 kGy dose. Likewise, the number of packaging materials suitable for
high dosage applications using any irradiation source is rather limited. Finally, most of the
polymers that are approved under CFR 21, part 179.45 are in listed as films. That is, separate
approvals would be required if these materials were to be used in rigid packaging form.
Additionally, the food processing industry is generally reluctant to use expensive materials,
such as nylons. While some news have been made with radiation resistant grades of PP, it is
not clear whether such grades contain US FDA-approved stabilizer systems and are sufficiently
economical to be used in the food processing industry. On the other hand, ethylene and
ethylene copolymers are currently the materials of choice for general packaging in the meat
and poultry industries. It is anticipated that commercial and institutional producers of ground
beef products will be among the first to adopt cold pasteurization processes. Yet another issue
is that packaging materials approved for irradiation of poultry (to a maximum dose of 3 kGy)
do not fair well at higher irradiation doses which are required to fully cold pasteurize beef (up
to 7 kGy). For example, vinegar odors have been noted in irradiated EVA packaging materials
used in radiation-sterilized medical devices. Likewise, standard fresh meat over wrap PVC
(which, it must be noted, is not currently approved as an irradiation packaging material) has
been demonstrated to have taint-transfer problems at a dose of just under 4 kGy.
Thus, there appear to be a number of new opportunities for manufacturers of PE and
copolymer resins to develop and obtain US FDA approval for irradiation-suitable packaging
constructions, both in film and rigid form, based on these resins. The approvals petitioned for
should include all three approved irradiation technologies, since it is likely that throughput
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economics will direct certain foods to be preferentially processed by specific irradiation
methods (e.g. hamburger patties by electron beam, whole chickens by gamma).
The NCFST Food Packaging Platform addresses and meets the needs of both the food
industry and US FDA to develop safe, effective, innovative packaging; NCFST's collaborative
relationship with US FDA can expedite packaging approvals [67]. Prior to 2001 polymers had
to be independently approved for electron-beam, gamma and X-radiation. The NCFST's
collaborative interaction with the US FDA lead to modification of the CFR 21, part 179.45 so
that approvals granted for one irradiation source would automatically apply to the remaining
irradiation sources. Since most polymers were originally approved for gamma irradiation,
without this NCFST/US FDA collaboration, virtually no polymers would be available for
electron-beam irradiation. This cooperative interaction is currently being exercised to map
new and novel approval methods for irradiated polymers not currently listed in CFR 21, part
179.45.
In the EU, food-packaging materials are subject to the requirements of the so-called
"Framework Directive11 (89/109/EEC [68]), which requires all food-contact materials to be
"safe" for their intended use. In particular, they must not transfer their constituents to foodstuffs
in quantities that could "endanger human health, or bring about an unacceptable change in the
composition of the foodstuffs or a deterioration in the organoleptic characteristics thereof.
Like other food packages, irradiated food packages, in their finished state, are intended to be
brought into contact with foodstuffs and, therefore, fall within the scope of the "Framework
Directive". The EU has also adopted specific criteria for food-contact materials exclusively
made of plastics, as embodied in the so-called "Monomers Directive" (90/128/EEC) [69]. This
directive lays down an exhaustive, positive list of permitted monomers and starting substances,
and an initial list of permitted additives, sometimes subject to specific migration and residual
level requirements. The "Monomers Directive" also imposes a maximum overall migration
limit of 10 mg/dcm2 of surface area for all plastic food packaging [70].
Table 4. Packaging materials approved for use in the irradiation of prepackaged foods (source: Radiation Applications Research Branch, AECL, Canada).
CANADA
Commercial designation
ED 100/8

Polystyrene foam trays

Composition
polyolefine (high-density) outerlater
polyolefine (high-density) middle layer
polyolefine (high-density) sealant layer'

Date '
of acceptance
June 30,1989

Films: SSD 300, SSD 500,
D900
Bags: L 300, L 500, L 600,
L300

styron 685D
polyethylene and ethyl vinyl acetate
coextruded
polyethylene and ethyl vinyl acetate
coextruded

June 30, 1989
M y 20, 1988

Boxes (contact, no contact)

fiber board wax-coated

June 30, 1989

July 20, 1988

Note: Packaging materials granted letter of "no objection" by Health and Welfare Canada for use in
radiation processing of food.
Intensive research, followed by legislation was performed in different countries (e.g.
[56]). Packaging materials specifically authorized for food irradiation in some countries are
listed in Table 3 [55]. More detailed information for Canada is presented in Table 4.
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Appendix 1

IAEA/FAO ICGFI Group Documents
Guidelines for Preparing Regulations for the Control of Food Irradiation Facilities
ICGFI Document No. 1
International Inventory of Authorized Food Irradiation Facilities
ICGFI Document No. 2
Code of Good Irradiation Practice for Insect Disinfestation of Cereal Grains
ICGFI Document No. 3
Code of Good Irradiation Practice for Prepackaged Meat and Poultry (to control pathogens
and/or extend shelf-life)
ICGFI Document No. 4
Code of Good Irradiation Practice for the Control of Pathogens and Other Microflora in Spices,
Herbs and Other Vegetable Seasonings
ICGFI Document No. 5
Code of Good Irradiation Practice for Shelf-life Extension of Bananas, Mangoes and Papayas
ICGFI Document No. 6
Code of Good Irradiation Practice for Insect Disinfestation of Fresh Fruits (as a quarantine
treatment)
ICGFI Document No. 7
Code of Good Irradiation Practice for Sprout Inhibition of Bulb and Tuber Crops
ICGFI Document No. 8
Code of Good Irradiation Practice for Insect Disinfestation of Dried Fish and Salted and Dried
Fish
ICGFI Document No. 9
Code of Good Irradiation Practice for the Control of Microflora in Fish, Frog Legs an Shrimps
ICGFI Document No. 10
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