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* Presented hy
A. Harold Lubln. M.D.

So: H.R. 696, the Federal Food Irradiation Developaenc and Control
Act of 1985
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retort- tha post-harvest ripening ol food, and to improve ch« food's
functional properties. Tha Food sad Drug Administration would reealn its
authority to rsgulstt food irradiation aad no stats or political
subdivision would be allcrvsd to wstabllsh any food lrradiatloa
retirement which ia “in addition to or dlffarane fron" any roa

rsqulrananes.
H.R. 696 also would croata a Joint Operating CosBlsslon for Food

Irradiation within tha Dapartnant of Agriculture. Tha Commission would
ba composad of alght nanbars including raprasantativas of savan
government agendas and ona person representing tha intarests of the
general public. The Commission would eoordlaaea and review all federal
research, developnent, and demonstration activities relating to food
Irradiation and collect and consolidate tha data concerning food
irradiation produced by federal agencies. In addition, the Commission
would coordinate informational exchange and educational activities
concerning food irradiation with appropriate federal agencies, states,
private organisations and the general public. Tha Commission would also
promote investment by private companies in the development and
application of food irradiation and attempt to foster greater public
understanding of the process of food irradiation. Finally, the
Conisslon could petition tbe FDA to expand tbe scope of regulation
allowing for commercial application of food irradiation.

The m 1 supports H.R. 696. Masv years of iateraaeleas| experience
have demonstrated that roods Irradiated at levels of up to 10 kllogreye
(1,000 kilorads) are eafe to eat. In fact, in 1980, tha Joint Expert



food irradiation nay alio ba a viable alternative, la tha
poet-harvest dlsinfaatation of frulta and vegetables, to pesticides' about
vtxleh health concerns hsvs been rslsed. Moreover, 1C may ba affective in
controlling trichinae in fresh pork sad salmonella in red neats, poultry
snd fish*

Zn our view formal official reclassification of food Irradiation is
important in tons of public, acceptance of the fact that food irradiation
is a safe process, not a potentially hsssrdous food additive. It is
important to note that food irradiation doee not make the irredieted food
radioactive since it la done at energy levels veil below thoae required
to induce radioactivity. Wh believe it is sppropriats, however, that ths
bill would not eliminate thu FDA's authority to ragulata food
irradiation. This would offer to tha public assurance of continued
protection.

The AKA supporta ths establishment of tha Joint Operating Commission
for Food Irradiation. Tha Commission would perform tba vital function of
coordinating research concerning food irradiation that currently is
fragmented among many federal agencies. The Cosaleaion would also hava
the important function of promoting public understanding and acceptance
of food irradiation. This would entail informing the public of tbe many
potential benefit* of food irradiation and addressing any unwarranted
conesrna regarding the process. Finally, we believe it ia sppropriats
for the Commission to have the authority to petition the FDA if it
believes that the commercial application of food irradiation should be

expanded.
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535 NORTH DEARBORN STREET < CHICAGO. ILLINOIS 60610 < PHONE (312) 645-5000 < TWX910-221-0300

omsiowor usisunvi Acnvmo
HAORtﬁ*\éllir PCTERSON, J.0.

ochrtmentor federal legisutkm

R(@j{tefubin.j.o. JanuaUy 16, 1987

THOMAS M WOLFFy

haE hodes, .Ph.D.
53|s tant Commissioner

Florida Department of Agriculture
and Con%)umer Services

Tala%assee FL 32301
Dear Ms. Rhodes:

I amwrl(slnq n resPonse to Xour Ie‘ter of December 30, 1986, to the
American Medical Assoclation. our letter Bou asked whether the 1985
testimopy of Dr. Lubin to the Su comm|ttee on De artment erations,
Research” and Fore|Igrn Agnculture ?f the U.S. House of Représentatives
represents the current “position of the awa.

AMA policy concerning food Irradiation has not changed since
Dr. Lubin®s testimony in 1935. In addition, we would have no objection
to your utilizing a reprint of the AMA statement in informational packets
for parties interested in irradiation.

Please feel free to call oe if you have any questions concerning this

letter.
Sincerely,
« lon .
Thomas M. Wolff /

TMW:bt



_The World Health Organization is a s|>ceiali/cd agency til the United Nations with
primary responsibility for inlcrnalional health mailers and public health. Through Ibis
organization. which was created in 1948. the healih ,E)rufctsmns of mure lhan SO
countries exchange their knowledge and experience with the ajm of makm% ossible
Ihe attainment by all citizens of Ihé world by the year 2(100 of a level ol healih that will
permit them lo lead a socially and economically productive life.

Uy means of direct technical cooperation wilh its Member States, and by stimu-
lating’ such cooperation among them, WHO promotes the development ol com?re-
hensive health services, the prevention and control of diseases, the improvement of
environmental conditions. Ihe development ol healih manpower, the coordination and
development of biomedical and health services research, and the planning and im-
plementation of healih programmes.

These broad fields of endeavour encompass a wide variety of activities, such as
developing systems of Prlmary healih care that reach the whole population of Member
countries; promoting the healih of mothers and children; combating malnutrition:
controlling malaria “and other communicable diseases, including tuberculosis and
leprosy; having achieved Ihe eradication of smallpox, promoting mass immunization
campaigns against mnumber of other preventable diseases; |mer0vmg mental health;
providing safe water supplies; and training healih personnel ol all categories.

Progress towards belter health throughout the woild also demands inicrnalional
cooperdtion in such matters as establishing international standards lor biological
substances, pesticides and phamaceuticals; formulating environmental health criteria;
recqmmendln? international nonproprietary names for diugs; ad_mlnlstennq the Inter-
national Health Regulations; rewsmg the International Classification ol Diseases,
Injtirles, and Causes of Death; and collecting and disseminating health statistical infor-
mation.

_ Further information on many aspects of WHO's work is presented in lhe Organ-
ization's publications.

_ The WHO Technical Report Series makes available Ihe findings of various interna-
tional groups of experts that provide WHO with the latest scientific and technical
advice on a broad range of medical and public health subjects. Members of such
expert groups serve without remuneration in their personal capacities rather than as
representatives of governments or other bodies. An annual subscription to this series,
comprising IS to 20 such reports, costs Sw. fr. HO.-

Summaries of these reports and of all other WHO publications are included
re%ullarly in Ihe WHO Chronicle, a monthly review of the Organization's activities,
publishéd in English. French, Russian and Spanish: annual subscription Sw. fr. 40.-.

Lhis report contains th_ﬁ collective views of an International grou(g)_ol enpetls
end does notnecess_ankl represent the decisions or Ihe statéd p ||c¥ i

ol the Food end Agncul ure Orgenlietlon ol the U lte? Nations, theInternational
Atomic Energy Agency, or the World Health Orgenlietlon.

Wholesomeness of
Irradiated food

Report of a Joint FAO/IAEA/WHO
Expert Committee

World Health Organization
Technical Report Series
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World Health Organization, Geneva 1981
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WHOLESOMENESS OF IRRADIATED
FOOD

Report of i Joint FAO/IAEA/WUO Expert Committee

A Joint FAO/IAEA/WHO Expert Committee on the Wholesome-
ness of Irradiated Food met in Geneva from 27 October to 3 Novem-
ber 1980. The meeting was opened by Dr T. Fiilop, Director of the
Division of Health Manpower Development, on behalf of lhe Direc-
lors-General of lhe Food and Agriculture Organization of lhe United
Nations, the International Atomic Energy Agency, and the World
Health Organization. He mentioned that, as a result of recommenda-
tions from previous Joint Expert Committees and of the conclusions
of other technical or legal expert consultations organized by these
agencies, the FAO/WHO Codex Alimentarius Commission had
adopted a general standard for irradiated foods as well as a code of
practice relating to food irradiation facilities. Once the recommended
general standard is accepted by Governments, foods evaluated by the
Expert Committees would be permitted to be irradiated. These would
include chickens, papaya, potatoes, strawberries, wheal and ground
wheat products, cod and redfish, onions, rice, mangoes, dates, cocoa
beans, spices, and pulses. A number of these products are of special
interest to developing countries.

1. INTRODUCTION

The world’s food requirements continue to grow, but in an environ-
ment of scarce resources and of limitations on methods of food produc-
tion. In addition, the problems of food storage and processing make
it necessary to search for effective alternative methods of food preser-
vation, particularly where existing methods are costly because of the
energy requirements and may be difficult lo provide in some areas.
Accordingly, it is reasonable to consider Ihe use of ionizing radiation
for food storage and preservation as one alternative, provided that it
does not adversely affect the wholesomeness of food.

Tire need to consider the wholesomeness of food processed by
irradiation was emphasized at an international level at a meeting
sponsored by FAO, IAEA and WHO in Brussels in 1961 (/). The
studies required to ascertain the wholesomeness of irradiated food
were discussed by a Joint FAO/IAEA/WHO Expert Committee on
Irradiated Food in Rome in 1964 (2). Taking as a premise that the



irradiation of food resulted in the production of radiolytic products
in Ihe food, the Committee adopted the view that these proJ)ucts re-
presented additions lo Ihe food. It therefore concluded that the es-
tablishment of Ihe safely of irradiated foods should follow procedures
similar to those generaIYy used for evaluating the safety of food addi-
tives and should be pursued on a food-by-food basis.

A subsequent Joint Expert rrr~gtlee, which met in 1969 (J),
had available for consideration "ph 4-sults of a number of toxicologi-
cal studies carried out on three $#,cific foods on the basis of the re-
commended procedures. It reviewed the comparative data on several
varieties within a major crop, and accepted extrapolation of data from
a major variety to all varietr of that crop. The Committee recom-
mended temporary acceptance jf irradiated wheat and potatoes as
wholesome, and specified further studies on onions. The next Joint
Expert Committee, convened in 1976 (4), reviewed a large number
of animal studies on various irradiated foods. Unconditional or pro-
visional acceptances were recommended for most of them. The Com-
mittee also reviewed the results of radiation chemistry studies on the
major components of food; it noted that many of the radiolytic pro-
ducts identified were present in food treated by heat and other pro-
cesses and considered that the health hazard from the concentrations
found was probably negligible. It therefore encouraged further studies
on the chemical changes in food components associated with irradia-
tion.

A large number of data on irradiated foods and food components
have since been generated. The present Committee was convened to
evaluate me wholesomeness of the irradiated foods for which data
were available. It was also asked to review the acceptability of irradi-
ated food in general, in the light of all Ihe toxicological data and the
data from radiation chemistry studies, and lo make suggestions for
further studies where desirable.

2. GENERAL CONSIDERATIONS

2.1. Principles

The principles and guidelines set out in the reports of the 1964,
1969, and 1976 Joint FAO/IAEA/WHO Expert Committees formed
the basis for the present Committee’s approach to its consideration
of the wholesomeness of irradiated food.

2.2. Reasons for lhe use of food irradiation

The Committee was aware that irradiation of food may be used lo
achieve a variety of desirable objectives including the following, which
are classified according to the average radiation dose required to
achieve the objectives in question:

Low-dose applications (up lo about | kGy)
Inhibition of sprouting
Insect disinfestation
Delay of ripening

Medium-dose applications (about 1-10 kGy)
Reduction of microbial load
Reduction in the number of non-sporing pathogenic microor-
ganisms
Improvement in technological properties of food

High-dose applications (about 10-50 kGy)
Sterilization for commercial purposes
Elimination of viruses

The sections that follow (3-7) summarize the evidence which
enabled the Committee to assess the effect of the irradiation process
on the wholesomeness of food and to arrive at conclusions on the
acceptability of irradiated foods.

3. TECHNICAL ASPECTS

3.1 Radiation sources

The Committee stressed the importance of using appropriate radia-
tion sources. From the point of view of safety, the energy level of the
radiation applied lo food is the most important characteristic that has
to be regulated in order to prevent the possible formation of induced
radioactivity in the irradiated material. In practice, this is only of
importance when considering machine sources, since the most com-
monly used isolopic sources (i0Co and ,J7Cs) emit radiation of a
maximum energy (S 1.33 MeV) which is lower than that causing
induced radioactivity. The Committee examined a recent unpublished
report (5) showing that, with machine sources, induced activity is
negligible and very short-lived below an energy level as high as 16
MeV. In this respect the Committee reconsidered and endorsed a
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statement (in the report of a Joint FAO/IAEA Advisory Group on
International Acceptance of Irradiated Foods (6)) that the radiation
permitted for food irradiation should have a maximum energy level
of (a) 10 MeV for electrons and (ft) 5 MeV for gamma rays and
X-rays. On the basis of that statement and the report of the Expert
Committee that met in 1964, which indicated X-rays as a suitable
type of radiation, the present Committee decided to recommend the
inclusion of X-ray sources in lhe list of acceptable radiation sources.

3.2 Absorbed dose

The present Committee reiterated the view of the Expert Commit-
tee of 1976 (4) that, as a matter of principle, lhe applied dose of ioniz-
ing radiation should not be higher or lower than is needed to achieve
the desired effect. Finding and applying lhe appropriate dose level is
the key to the technologically and economically proper application of
the irradiation process to food.

It was stressed that the application of the correct dose would be
taken care of, wherever there was good irradiation practice. It was
recognized that advice on the doses necessary for the treatment of
specific food items and the procedures involved would assist those
concerned. Such advice could be included in a code of technological
practice.

The Committee noted that no new method for the determination
of absorbed dose in the food itself, or indeed for the identification of
irradiated food, had become available since 1976. It therefore upheld
the view of the Expert Committee that met in 1976 (4) that effective
dose control can only be exercised in the irradiation plant. The opera-
tion of irradiation facilities should be subject to supervision by the
appropriate national authorities in order to ensure that proper dose
control is exercised. In (his respect it was noted that assistance in the
calibration of dose control is offered by lhe IAEA through its pro-
gramme on High- and Low-Dose standardization and inter-compari-
son for industrial radiation processing.

As regards setting an overall average dosel for the process of
irradiation, it was considered that, contrary lo the opinion expressed

~1The oveiall avenge dose is ihe ariihmclic mean value od( all dusenieler leadings
in a given irradiation lun. To determine Ihis mean value, an adequate number ol dosc-
metcrs must be randumly distributed in the lood as it is erposcd to Ihe rudiaiion. The
number ol dusemeters is considered adequate if it permits estimation ol the duse distri-
bution in each portion ol the food material ol different density and if the measurements
ire representative for all dose and density fluctuations duringa usual run.
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by the Expert Committee that met in 1976 (4), it is practical (for
reasons such as the technical design of the irradiation facility) lo
stipulate an average value rather than lo require that no part of the
food shall receive less than a minimum, or more than a maximum,
dose. Taking into account the ratio of maximum to minimum dose
absorbed by the product (i.e., the “dose uniformity ratio”) in pilot
and currently used commercial facilities, Ihe overall average dose
may result in a small fraction of lhe food receiving a maximum ab-
sorbed dose up (0 50% higher.

3.3 Processing conditions for irradiation

It is expected that, with wider application of food irradiation, pro-
cessing conditions will be designed to meet specific technological re-
quirements. Plant design should attempt lo minimize the dose uni-
formity ratio to ensure appropriate dose rates and, where necessary,
lo permit temperature control during irradiation (e.g., for the treat-
ment of frozen foods) and also control of the atmosphere. It is also
necessary to minimize mechanical damage to the product during trans-
portation, irradiation, and storage, as well as to ensure the maximum
efficiency in the use of the irradiator. Where the food to be irradiated
is subject to special standards for hygiene or temperature control, the
facility must permit compliance with these standards.

3.4. Packaging of Irradiated food

The packaging method and the packaging material used must be
safe and appropriate to the food to be irradiated. Irradiation must not
adversely affect the functional properties of the material chosen, nor
must it render Ihe material unsafe as determined by appropriate test
methods of Ihe kind applied to (he unirradiated material.

3.5 Repeated irradiation

While adhering to the view that irradiation of food should normally
be curried out once only in each case, the Committee agreed that in
certain circumstances repealed irradiation might be justified. This is
a departure from the statement in the report of the Expert Committee
that met in 1976 that any repetition of irradiation is lo be avoided.
In deciding upon this change, the present Committee took account ol
lhe following findings: (a) lhe concentration of radiolytic products is
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a linear function of dose; (b) there is a considerable and rapid reduc-
tion in lhe concentration of some of these radiolytic products follow-
ing irradiation; and (c) an overall average dose based on toxicological
and other considerations could now be established (see section IU).
Consequently, a repetition of irradiation within this overall average
dose would not be harmful, provided that no significant impairment
of nutritional or technological properties occurred. The Committee
agreed that, at the present stage of knowledge, the acceptability of
repeated irradiation should be limited to the case of food commodities
of low moisture content, in which reinfestation by insects could not
be effectively prevented under practical conditions of storage and
transport.

Two other types of repetition of the irradiation process were also
considered acceptable: (a) when lhe food lo be irradiated is a proces-
sed form of food that has already undergone low-dose treatment (for
example, dried onion prepared from onions treated to inhibit sprout-
|ng: (fr) when it includes irradiated minor ingredients (for example,
meat products or dehydrated soup containing irradiated spices). In
both cases, it was considered that the additional amounts of radiolytic
compounds formed in the final products would be insignificant.

By analogy with tyndallization, fractionated irradiation (i.e., when
the full dose has lo be applied in two or more instalments) should not
be considered as repeated irradiation.

3.6 Technological efficacy

The Committee stressed that, like other food processing techniques,
food irradiation is justified only if it serves a useful purpose. Results
of studies on lhe efficacy of the irradiation of the food items specifi-
cally examined by the present Committee clearly showed that the
applications in question are technologically justified and effective.

3.7 Requirements of quality assurance and labelling

The use of sound raw materials and proper handling and proces-
sing techniques, as well as strict maintenance of the wholesomeness
and other desirable qualities of foods are a necessity when irradiation
or any other form of processing is applied. Furthermore, users and
consumers are entitled to expect that Ihe quality and safety of food is
not adversely changed either by irradiation or by other currently
accepted forms of treatment.

The Committee understood that irradiated foods would be subject
to regulations covering foods generally, and to any specific food
standards relating to individual foods. It was therefore not thought
necessary on scientific grounds to envisage special requirements for
the quality, wholesomeness, and labelling of irradiated foods.

4. ASPECTS OF RADIATION CHEMISTRY

4.1 Chemical analysis and wholesomeness evaluation

Treatment of foods with electrons (of energies up to 10 MeV) or
gamma-rays and X-rays (of energies up to 5 MeV) does not produce
radioactivity in lhe foods so treated. The need for toxicological eval-
uation of irradiated foodstuffs stems from the fact that Ihe application
of radiation energy results in chemical changes. The nature of the
radiation-induced compounds depends primarily on lhe chemical com-
position of the food. The concentration of radiation-induced com-
pounds generally increases with increasing radiation dose, but can be
modified by factors during irradiation such as temperature, presence
or absence of air, and lhe water content of the sample. The energy
taken up by lhe irradiated food is much less than that taken up by
healed foods. It is therefore not surprising that chemical changes
caused by irradiation are quantitatively much smaller than those caus-
ed by heating. For instance, an absorbed dose of 10 kGy (1 Mrad)
corresponds to a temperature rise of only 2.4 °C in a food having the
heat capacity of water (4.184 J/°C; 1 cal,i/°C). This is about 3% of
the energy needed for raising the temperature of water from about
20°C to 100°C.

The Expert Committee that met in 1976 concluded that the radio-
lytic products detected in lhe wide range of foods and individual food
constituents that had been studied did not appear to pose any loxico-
logical hazards in lhe concentrations at which they were detected.
That Committee also accepted (hat, for doses below 10 kGy (1 Miad),
data may be extrapolated from one member of a food class lo related
members (p. 10 in that Committee’s report (w/)) and, furthermore,
that if certain studies in radiation chemistry and toxicology were
continued, a purely chemical approach to the wholesomeness evalua-
tion of irradiated food may prove to be possible (p. 11 in the re-

port (4)).
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4.2 Recent studies

The above proposals stimulated a great deal of chemical research
on irradiated foods and on model systems, which has confirmed the
earlier assumptions and enabled more radiolytic products to be iden-
tified and quantitatively determined. Thus, the mechanisms of radi-
ation chemical reactions in carbohydrates, lipids and proteins are now
known in greater detail.

A study of the radiolytic products in beef, pork, ham and chicken
has shown that formation of volatile hydrocarbons depends on (he fat
content of the meat, regardless of origin. The electron spin resonance
spectra from the four types of meal irradiated at -40 °C were identi-
cal, indicating the production of common free radical intermediates
(1. A. Taub & C. Merritt, unpublished observations).

Another study showed radiolytic products from various starches
(derived from maize, amylomaize, waxy maize, wheat, manioc, pota-
toes, rice, and beans) lo be qualitatively identical. Small quantitative
differences were related to known properties of these starches, such
as the ratio of amylose lo amylopectin. These results were confirmed
by electron spin resonance which showed that lhe nature of the radical
intermediates is the same in all the irradiated starches (J. Raffi & L.
Saint-Lfcbe, unpublished observations).

A study of radiation-induced changes in a fruit model has shown
that the extent to which these changes lake place is in accord with
well established kinetic laws. These changes may be calculated using
digital computer methods to solve the differential equations which
describe the reaction probabilities. Chemical analysis confirmed the
prediction that the radiolytic products present in greatest yield in lhe
irradiated fruit were derived from the major constituents of the fruit,
i.e., from sugars. Yields of products derived from minor constituents
such as protein, malic acid, phenolics, and nicotinamide were much
lower (R. A. Dasson and co-workers, unpublished observations).

The products of radiolysis in beef (irradiated with an average dose
of 56 kGy (5.6 Mrad) at -30°C = 10°C) have been studied in detail.
Over 100 volatile compounds have been identified at concentrations
varying from 1 to 700/rg/kg, with a total yield of 9 mg/kg. Most of
the compounds are known to occur also in unirradiatcd foods. The
Committee noted that this subject had been reviewed recently (7, 8)
and agreed that there were no grounds for suspecting these products
of being a hazard to the consumer.
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4.3 Conclusions

Since similar radiolytic reactions occur with Ihe same constituents
of different foods (protein, fat, carbohydrates, water, etc.), common
radiolytic products are formed in roughly predictable yields when
these foods are irradiated. Although only approximate predictions of
product yields are possible at present, these are sufficiently accurate
to enable estimates to be made of the upper limits of yields. Thus
there is now considerable additional evidence to support the view that
information obtained from toxicity tests on one irradiated food can
be extrapolated to other foods of similar chemical composition, or to
other processing conditions for the same food.

5. NUTRITIONAL ASPECTS

None of the evidence published since 1976 necessitates a change
in the advice on the nutritional aspects of irradiated food given by
the Joint Expert Committee that met in that year (4). The salient
points are as follows:

Evidence from most studies suggests that in lhe low-dose range
(up to 1kGy) used for the irradiation of food, nutrient losses are
insignificant. In the medium-dose range (1-10 kGy), losses of some
vitamins may occur, if air is not excluded during irradiation and stor-
age. In the high-dose range (10-50 kGy), lhe technology used to
avoid effects on organoleptic quality (i.e., irradiation at temperatures
below freezing and in the absence of air) also partially protects nutri-
ents, so that losses may actually be lower than in the medium-dose
range if such precautions have not been taken.

Conflicting results have been reported concerning the effect of
radiation on vitamin C levels in foods. Some authors have determined
only ascorbic acid, without taking into consideration that radiation
converts some of this acid to dehydro-ascorbic acid, which is also
biologically active. In future studies, both ascorbic and dehydto-ascor-
bic acid should therefore be determined.

The extent of losses of nutrients due to the irradiation of foods
depends on manz factors, such as Ihe composition of the food, the
radiation dose, the temperature, and the presence or absence of aii
during irradiation and storage.

Whether or not the loss of a nutrient in an irradiated food is of
importance depends on circumstances, such as the contribution that
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this food makes lo the total diet. For instance, a partial loss of thi-
amine in fish would be of concern if that was Ihe key source of thi-
amine to a particular population. Other relevant factors include the
nutritional status and requirements of the population for which that
food is intended. Some other areas of uncertainty (i.e., folic acid
losses) require further investigation.

In 1976 lhe Joint Expert Committee suggested that the reduction
of nutritional value produced by irradiation alone should be compared
with that produced by other processes and during storage, and by
combinations of irradiation with other processes (4). A considerable
body of evidence is now available in this regard and Ihe results give
no cause for particular concern.

6. MICROBIOLOGICAL ASPECTS

The microbiological safety achieved by the food irradiation process
is fully comparable with that of other currently accepted food treat-
ments. No findings have been published during the past four years
which would necessitate a reconsideration of the views expressed by
the Joint Expert Committee in 1976 (4) regarding the microbiological
implications of irradiation of food. The results of theoretical and
practical work carried out since 1976 have not revealed any new
microbiological problems besides those already reviewed.

The results of both field and "inoculated pack™ studies have
shown that the microbiological safety evaluation of a specific irradi-
ated food can be based only on studies that have specifically been
designed to reflect all the circumstances encountered in commercial
irradiation. Furthermore, it is important that the hygienic aspects of
each individual commodity should be examined separately and that
the post-irradiation storage conditions should be carefully and ade-
quately designed to control microbial growth.

6.1 Variations in radiation resistance

The natural radiation resistance of microorganisms and the conse-
quences of their possible survival after irradiation have been re-
investigated with regard to some highly radiation-resistant micro-
organisms. No new health hazards arising from these organisms have
been identified.

Additional experience has also been gained in the application of
potentially useful and technologically acceptable combined treatments.
For example, it has been demonstrated that the use of irradiation, in
conjunction with heat and/or salt treatment, achieves a more efficient
reduction in the number of organisms, especially the highly radiation-
resistant organisms.

6.2 Kadiulion-induced genetic variations

Since 1976 there have been no reports to justify the concern,
expressed before that time, about the development of irradiation-
induced mutations under good operating conditions. As already stated
in 1976 (4), the risk of inducing greater radiation resistance has only
been shown under laboratory conditions.

Changes of laxonomically relevant characteristics, due to mutation,
have not been observed under practical conditions of food irradiation
and thus do not pose specific problems. Methods for the isolation and
enumeration of damaged cells from healed or dried foods may be
used for these purposes in the examination of irradiated food, but
their applicability should be tested in each case.

No evidence has been reported of enhanced irradiation-induced
pathogenicity of foodborne microorganisms, or of increased toxin
formation, or induction of antibiotic resistance in irradiated bacteria.
Accordingly, lThe Committee continues to hold the opinion expressed
in 1976 that irradiation of food does not increase (he pathogenicity
of bacteria, yeasts and viruses.

Because of the intrinsic genetic variability of moulds, experimental
results should be interpreted with caution. Laboratory experiments,
carried out under conditions which differed greatly from those oc-
curring in practice, have shown that mycoloxin production by moulds
derived from irradiated spores may vary (in either direction) in com-
parison with the parent non-irradialed strain. Other laboratory ex-
periments have shown increased mycotoxin production only if heavy
inocula arc incubated in irradiated, auloclaved moistened foods.
These observations have no relevance to food irradiat"*n under pre-
sent conditions of practice, in which increased formation of myco-
toxins has not been found (see section 8.3).

6.3 Microbiological alms of food irradiation

It has been demonstrated that irradiation can reduce the microbial
load of a food, thereby increasing the useful life of a perishable food
product. The efficacy of irradiation of spices for reducing microbial
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load is well documented and this process may be a useful alternative
to fumigation treatment. Laboratory animal diets have been irradiated
successfully for a number of years on a large scale to render them
commercially sterile. Salmonella occurs in livestock and is derived
from feed and other sources. Since the incidence of such Salmonella
can be reduced by irradiation of Ihe feed, this process may afford a
means of controlling Salmonella in poultry and some egg products
and of dealing with this common public health problem in many parts
of the world. The on-shore irradiation of fish and seafood has received
much attention because, among other reasons, Vibrio paraliaernolyiicus
is one of lhe most important foodborne disease agents in warmer
climates.

In all, properly designed irradiation processes have been shown to
be capable of achieving their intended microbiological objectives
(e.g., commercial sterilization, destruction of pathogens). Problems
of a microbiological nature that had before been thought might exist
have not materialized. Nevertheless, in (he case of irradiation, as in
any other method of food processing, the gains in microbiological
quality must be safeguarded by proper care of the product after pro-
cessing.

1. TOXICOLOGICAL ASPECTS

7.1 Re-gvaluation of provisional acceptances and new evaluations

The Committee reviewed data on fish, onions ?nd rice for re-
evatualion and on cocoa beans, dales, mangoes, pulses, and spices
and condiments for evaluation. These data were developed in accord-
ance with the guidelines set out in earlier reports of previous Joint
Expert Committees. In making its evaluations lhe Committee used
the principles and categories of acceptance, as set out in the previous
report (4). .

The Committee noted that, IN the case of cocoa beans, onions, and
spices, the presence of natural constituents exerted toxicologically
significant effects when these commodities were fed at high levels in
the test diet. These effects were found, whether or not the food had
been irradiated. The information available on irradiated vegetables
was insufficient lo make an evaluation, using the principles previously
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established. The data on all these commodities were also used in
considering the acceptance of irradiated food in general (see sec-
tion 10).

7.2 Considerations arising from a review of data on irraciated
|aboratory animal diets and other diets

Concern was expressed by lhe 1976 Joint Expert Committee about
(lie increasingly common practice of using irradiated prepared feeds
for laboratory animals, because of lhe possible effect on control groups
used in toxicological testing (4). Data requested on animal colonies
reared on irradiated diets were made available lo |he present Com-
mittee, as summarized below.

Studies comparing diets (sterilized by auloclaving or irradiation at
25-44 kGy or treated lo eliminate pathogens at 15 kGy) have been
published by institutes in Austria, Denmark, France, Hungary, lhe
Netherlands, and lhe United Kingdom. These included multigenera-
tion studies in rats (9-14), mice (15-17), and pigs (18). In two of the
studies (10, 13), some of the parent and F, generation animals were
kept for the whole lifespan for information on carcinogenicity. The
numbers of animals examined ranged from 5000 lo 500 000.

The Committee concluded from these data that the rearing of test
animals on laboratory diets sterilized by irradiation at doses of 15 to
45 kGy was unlikely lo obscure any differences if a non-irradiatcd,
nygicnically acceptable feed had been used.

The Committee also reviewed information on the results of feeding
commercial livestock on feedstuffs irradiated at doses of the order of
8 kGy to reduce organisms belonging to the Enterobacteriaceae,
especially Salmonella. Breeding and performance studies in poultry
(19), and pigs (20, 21) produced no evidence to show that feeding
of irradiated diet to commercial livestock had any adverse effects.

The Committee was aware of the practice of using totally irradiated
diets for maintaining patients on immunosuppressive therapy as the
only practical means of supplying palatable food under these condi
lions. No published systematic investigations or accounts were avail-
able lo the Committee for evaluation. The absence of icports of
adverse effects suggests that this practice is not deleterious, and this
fact was taken into account in the general assessment of the (oxico-
logical acceptability of irradiated food. The Committee recommended
that if possible there should be a systematic collection and review of
information relating to the use of radiation-sterilized human diets.
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1.3 Toxicological evaluation ol radiolytic products

The Committee reviewed a study in which the principal radiolytic
products from irradiated polysaccharides were fed to rats for 6 montlis
at 1700 limes the concentration found after irradiation at 3 kGy. No
toxic effects were noted (22). These data also support the conclusion

set out in section 10 (See also section 4.2).

8. RE-EVALUATSON OF FISH, ONION, AND RICEL
8.1 Tcieost fishand fish products

Purpose of irradiation

(u) To control insect infestation of dried fish during storage and

marketing.
(b) To reduce the microbial load of the packaged or unpackaged

fish and fish products.
(c) To reduce the number of certain pathogenic microorganisms

in packaged or unpackaged fish and fish products.

Average dose
For (a) up to 1 kGy, and for (b) and (c) up to 2.2 kGy.

Temperature requirement

During irradiation and storage the fish and fish products referred
to in (b) and (c) should be kept at the temperature of melting ice.

Microbiological aspects

Vibrio parahaemolyticus is the agent, infectious for man, that is
most typically associated with fish and other seafoods. However, in-
fectious agents derived from the intestines of man or other warm-

1Summaries of ihe data used in the evaluations and the references aie given in a
separate document entitled "Wholesomeness ot irradiated food. Summaiies of dala
considered by the Joint FAO/IAEA/WHO Expert Committee, Geneva, 27 October
to 3 November 1980", CORJAIIeS of this document arc available, on request, fiom Division
of Environmental Health, World Health Organization, 1211 Geneva 27, Switzeiland.
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blooded animals may be present in fish because these agents were
present in Ihe water in which the fish grew or, as sometimes happens,
because they were present in the only water that was available for
cleaning fishing equipment (including holding compartments on the
ship) or the catch. In addition to infectious agents, toxigenic, spore-
forming bacteria such as Clostridium botulinum type E may well be
present in the fish as caught.

No microbiological problems arc likely to arise from irradiation
for purpose (@). V. parahaemolyticus will be eliminated in lhe pro-
duct by the doses recommended for purposes (b) and (c), while the
levels of other pathogens and spoilage agents will at least be reduced.
Irradiation that does not exceed 2.2 kGy (average dose) is expected
to leave enough spoilage organisms to render the food unacceptable
before cells derived from surviving C. botulinum spores can produce
enough toxin to constitute a hazard. However, maintenance of (he
temperature of melting ice throughout the period of storage of the
product has been specified as an additional safeguard against botu-
lism; salting, drying, or other effective measures would have to be
substituted if this temperature could not be maintained reliably.

Nutritional aspects

More recent studies have shown (hat after irradiation at 3 kGy,
about 15% of thiamine and 25% of pyridoxine is lost, while riboflavin,
niacin and vitamin D,2 remain unaffected. Higher doses confirmed
the particular sensitivity of thiamine and pyridoxine to destruction,
the other B complex vitamins remaining practically unaffected. Fur-
ther studies have confirmed the stability to irradiation of the amino-
acid content, particularly of tryptophan. The protein quality of mack-
erel and hake remained unaltered even by doses of the order of 5 kGy.

'Hie lipids extracted from sailed dried irradiated mackerel showed
no evidence of adverse nutritional effects at radiation doses of up to
8 kGy. Irradiation up to a dose of 2.2 kGy does not appreciably
change ihe usefulness of fish as a good dietary source of protein,
B vitamins, and iodine.

Toxicological aspects

The Committee noted that the results of the studies (ongoing in
1976) had now become available—i.e., short-term, long-term, repro-
duction, and dominant lethality studies in mice; a short-term study in
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rats, investigating changes in serum alkaline phosphatase levels when
rats were fed on mixed eviscerated cod and redfish; and short-term
and reproduction studies in rats fed on other fish varieties. These did
not reveal any evidence suggesting that the feeding of irradiated fish
to these animals caused any deleterious effects.

A large number of other feeding studies in which rats and mice
were fed on other varieties of fish and fish products have also been
reported since 1976. These consisted of short-term and long-term
feeding studies and also reproduction, dominant lethality, and a num-
ber of mutagenicity studies. These new toxicological data, taken
together with the results of previously evaluated studies on various
types of irradiated fish, do not indicate any adverse effects arising
from the administration of irradiated fish to test systems.

Evaluation

The previous provisional acceptance for cod and redfish is changed
to unconditional acceptance for fish and fish products irradiated for
the purpose of disinfestation, reducing the microbial load, and reduc-
ing lhe number of pathogenic organisms, at an average radiation
dose of up to 2.2 kGy.

8.2 Onions

Purpose of irradiation

To inhibit sprouting during storage.

Average dose
Up to 0.15 kGy.

Microbiological aspects

No special microbiological problems of public health significance
are known to be associated with irradiated onions.

Nutritional aspects

Recent studies have confirmed the previously reported lack of
effect of irradiation, with doses of up to 0.15 kGy, on the ascorbic
acid content of onions even after 10 months of storage. The content

of reducing sugars increased in irradiated onions lo a smaller extent
than in untreated onions. No changes occurred in Ihe amino-acid
composition.

Toxicological aspects

The requirement of the previous Committee for a mulligeneralion
study in rats, at feeding levels below that causing biological changes
due to lhe biologically active substances that were naturally present,
has now been met. In addition, a number of short-term, reproduction,
teratogenicity, and dominant lethality studies in rats have now been
reported. None of these fludies has shown any adverse effects when
irradiated onions were incorporated at a 2% level in lhe diet of rats
and mice. Additional corroborative evidence has been obtained from
many mutagenicity studies on onions treated (for the prevention ol
sprouting) with doses of radiation of up to 0.15 kGy and from similar
studies on dried onion powder treated with radiation doses of up to

15 kGy.

Evaluation

The previous provisional acceptance is changed lo unconditional
acceptance of onions irradiated, for the purpose of controlling sprout-
ing, at an average dose of up to 0.15 kGy.

8.3 Rice

Purpose of irradiation

To control insect infestation in stored rice.

A verage dose
Up to 1 kGy.

Prevention of reinfestation

Rice, whether prepackaged or handled in bulk, should be stored,
as far as possible, under such conditions as will prevent reinfeslation.
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Microbiological aspects

If IThe moisture content of stored rice is loo high, fungi such as
Aspergillus flavus, which are sometimes toxigenic, may grow. Such
moulds cannot grow in rice that is stored in a properly dry condition;
however, there has been concern over some results that suggested
that irradiation could enhance the toxigenic potential of the muulds.
It has been shown that toxin-producing fungi are more susceptible than
other fungi to irradiation; that a higher water activity is required for
the growth of toxin-producing aspergilli than for that of other asper-
gilli; and that, even at a high water activity, non-toxin-producing
strains of Aspergillus overgrow the toxin-producing strains and sup-
press their formation of toxin. Storage of rice at a sufficiently low
level of moisture is critically important; the potential mycoioxin haz-
ard is not enhanced by irradiation under practical conditions.

Nutritional aspects

The loss of thiamine on cooking, noted in the report of the 1976
Joint Expert Committee (4), may make any further losses due lo
irradiation relevant where rice is a staple item of the diet and a major
source of thiamine. However, a recent study has shown that irradiation
at dose levels up to 0.5 kGy did not alter the content of D vitamins
or the amino acid composition.

Toxicological aspects

The Committee noted that the results of the long-term study in
rats and the short-term study in monkeys, requested in 1976 (</),
were now available. These showed that the ingestion of irradiated
rice caused no adverse effects on the test animals. Another multi-
generation study and a dominant lethality study in mice, as well as
cytogenetic investigations of the bone marrow of mice and hamsters
that had been fed irradiated rice in their diet, showed no adverse
effects. These additional results, taken together with the results of the
previously reviewed studies, do not indicate any adverse effects from
the ingestion of irradiated rice.

Evaluation

The previous provisional acceptance is changed to unconditional
acceptance of rice irradiated, for the purpose of controlling insect
infestation, at an average dose of up to 1 kGy.
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9. NEW EVALUATIONS'
9.1 Cocoa beans

Purpose of irradiation

(a) To control insect infestation in storage.
(b) To reduce the microbial load of fermented beans with or

without heal treatment.

A verage dose
For (a) up to 1kGy, and for (b) up to S kGy.

Prevention of reinfestation

Cocoa beans, whether prepackaged or handled in bulk, should be
stored, as far as possible, under conditions that will prevent reinfesta-
tion and microbial recontamination.

Microbiological aspects

Members of 11 genera of moulds, some of which are toxigenic,
have been found to be natural contaminants of lhe cocoa bean em-
bryo and are a major factor limiting the storage life of the product.
Mould growth flourishes at moisture levels exceeding 8%. Irradiation
with doses of 0.5 kGy eliminates moulds in young (under 2 months)
beans, whereas a dose of 5 kGy eliminates moulds even in older
beans. Pretreatment of cocoa beans with heat (10U°C for 10-15
minutes) enhances the radiosensitivily of the moulds they contain.

Nutritional aspects

Beans irradiated with doses in the range of 0.1 to 5 kGy showed
no significant differences from unirradiated beans with regard to their
content of reducing sugars, total amino acids, total fat, and protein.
Analysis of cocoa fat in the irradiated material showed no detectable
chemical difference from that in unirradiated material.

1See (ouinote | on page 20.
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Toxicological aspects

The available results of the short-term and reproduction studies in
rats do not indicate any adverse effect due to the irradiation treatment
of the cocoa beans. Both irradiated and unirradialcd cocoa beans
depressed growth and reduced the food intake when incorporated at
high levels in the diet of test animals. The observed toxic effects of
the cocoa bean diet on fetal development and survival are related tu
Ihe high theobromine content of Ihe diet. This has been confirmed by
cross-fostering experiments and specific studies using theobromine
alone. A number of mutagenicity studies have shown the absence of
any mutagenic potential in irradiated cocoa beans.

Evaluation

Unconditional acceptance of cocoa beans irradiated, for Ihe pur-
pose of controlling insect infestation or of reducing the microbial load,
at an average radiation dose of up lo S kGy.

9.2 Dates

Purpose of irradiation

To control insect infestation in stored dales.
Average dose

Up to 1 kGy.
Prevention o f reinfestation

Prepackaged dried dates should be stored under conditions that will
prevent reinfestation.

Microbiological aspects

No microbiological objectives are being pursued by irradiation ol
dried dates and no public health problems of a microbiological nature
are envisaged.

Nutritional aspects

Irradiation of dried dates with doses in lhe range of 0.3 to S kGy
had no effect on the reducing sugar content and on major carbohy-
drate components. No malonaldehyde was detected. No effect on the
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protein content was discovered. Irradiation of dales with doses of up
lo 10 kGy induced no appreciable changes in ihe amino-acid compo-
sition.

Toxicological aspects

The available short-term study in rats revealed no adverse effects
that could be related to ingestion of irradiated dales. The results of
the reproduction study in rats and of many mutagenicity studies, in-
cluding a study for induction of recessive lelhals in Drosophila, re-
vealed no adverse effects that could be ascribed to the irradiation
treatment.

Evaluation

Unconditional acceptance of dates irradiated, for the purpose of
controlling insect infestation, at an average dose of up to 1kGy.

9.3 Mangoes

Purpose of irradiation

(a) To control insect infestation.

(b) To improve the keeping quality by delaying ripening.

(c) To reduce the microbial load by combining irradiation and
heat treatment.

Average dose

Up to 1kGy.

Microbiological aspects

Microbial species isolated from mangoes do not apjwar to be a
threat to human health. Germination of naturally occurring or experi-
mentally inoculated Gloeosporiutn fusarium and G. singulatu is re-
duced by increasing the doses of irradiation, but complete inhibition
requires a dose of 4 kGy, which is technologically unacceptable.

* Nutritional aspects

Several studies have shown (hat irradiation at dose levels of up to
2 kGy caused only slight losses in ascorbic acid and caiotene, com-
pared with Ihe effects of freezing or heat treatment. Ihe contents of
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riboflavin, niacin and thiamine are not affected. The levels of fat,
protein, sugar, and minerals remain unaffected by irradiation.
Toxicological aspects

The available investigations included short-term, long-term, multi-
generation, and teratogenicity studies in rats as well as a number of
mutagenicity studies. The results indicated that (he incorporation in
the test diets or irradiated mangoes produced no adverse effects.
Evaluation

Unconditional acceptance of mangoes irradiated for the purpose of
controlling insect infestation or for delaying ripening or reducing the
microbial load at an average radiation dose of up to 1 kGy.

9.4 Pulses

Purpose of irradiation

To control insect infestation in stored pulses.

Average dose

Up lo 1 kGy.

Prevention of reinfestation

Pulses, whether prepackaged or handled in bulk, should be stored,
as far as possible, under conditions that will prevent reinfestation.

Microbiological aspects

No specific microbiological problems arise with pulses, whether
irradiated or not.

Nutritional aspects

Pulses are a major source of dietary protein in certain parts of the
world. Any deleterious effects of irradiation on the nutritional quality
of these crops would therefore be of importance. Conflicting results

appear in studies of the protein efficiency ratio (PER)1 and the ef-
fects on B-complex vitamins have not been well established for dif-
ferent pulses. These possible effects should receive consideration
wherever irradiated pulses are used as staple items of the diet.

Toxicological aspects

The available short-term studies in mice and rats, as well as a re-
production study in rats, did not indicate any adverse effects due to
irradiation of several varieties of dried beans and cowpeas. There was
a reduction in the growth rate of rats after the ingestion of high
dietary levels of both irradiated and unirradiated beans. A number
of mutagenicity studies, including a dominant lethality study in mice,
did not reveal any mutagenic potential in several varieties of irradiated
dried beans.

Evaluation

Unconditional acceptance of pulses irradiated, for controlling insect
infestation, at an average radiation dose of up to 1 kGy.

9.5 Spicesand condiments3

Purpose of irradiation

(a) To control insect infestation.
(6) To reduce the microbial load.
(c) To reduce the number of pathogenic microorganisms.

Average dose
For (a) up to 1 kGy, and for (6) and (c) up to 10 kGy.

Microbiological aspects

Fungal contaminants, some of which are likely to be toxigenic,
occur in untreated spices at an average level of IOVg. Other agents of
possible concern to human heulth include the food-poisoning species

'The Brotein efficiency ratio is a rough measure o( the nutritive value ol proteins,
obtained by dividing the gain in body mass by the mass ot the ptolcin consumed It is
usually measured in young rats, ted on a diet containing 1(1% protein under Mandard

Conditions. _ _
Linclusive ot "dehydrated onion" and "onion powder".



Bacillus cereus and Clostridium perfringens; Salmonella and Shigella
have been reported. Aerobic spore-formers and thermophilic bacteria
at levels of up to 10*/g must t* dealt with by some means other than
heat. Because the majority of the flora are radiosensitive, irradiation
doses of 4-5 kGy reduce the total bacterial counts lo less than 104/g.
Commercial sterility can be achieved at doses of 15-20 kGy, de-
pending on the initial microbial load. Ihe flora that survive irradiation
have a lower heat and salt tolerance, so that the subsequent heal
treatment of products containing the irradiated spices can be reduced.

Nutritional aspects

Irradiation of paprika at temperatures in the range of 0°C to 22 °C,
with doses of 5-50 kGy, and subsequent storage for 6 months had
practically no effect on the carotenoid content.

Radiation treatment with 5 and 15 kGy affected the relative con-
centrations of some fatty acids but not always in a dose-dependent
manner. In some spices there is a small reduction in the proportion of
some unsaturated fatty acids. Since spices do not contribute signifi-
cantly to the nutritional quality of foou, these changes arc of no
nutritional significance.

Toxicological aspects

The available reports of feeding studies in rats (including short-
term, reproduction, and teratogenicity studies) are less comprehensive
in Ihe case of irradiated spices and condiments than for other irradi-
ated foods. Some of lhe adverse effects observed in the test animals
are related to the ingestion of high dietary levels of spices, both ir-
radiated and unirradiated. No untoward effects, attributable to the
irradiation treatment, were reported in these studies. The results of
several mutagenicity tests revealed lhe absence of any mutagenic-
potential. In evaluating the safety of this commodity, lhe Committee
took into consideration lhe low levels of spices used in the human
diet.

Evaluation

Unconditional acceptance of spices irradiated for the purpose of
controlling insect infestation, or of reducing lhe microbial load and
the number of pathogenic microorganisms, at an average radiation
dose of up to 10 kGy.

10

10. CONCLUSIONS ON T PTABILITY OF
IRRADIAT

RADIA

10.1 Toxicological acceptability of irradiated food

The Committee, having reviewed new evidence, was able lo for-
mulate a recommendation on the acceptability of food inadiated up
to an overall average dose of 10 kGy (see sections 2 and 3). This
development follows logically from lhe approaches lo the assessment
of the wholesomeness of irradiated food adopted in ihe past by pre-
vious Joint Expert Committees, as described in the Introduction. The
following considerations led to this development:

@) All lhe toxicological studies carried out on a large number of
individual foods (from almost every type of food commodity) have
produced no evidence of adverse effects as a result of irradiation.

(6) Radiation chemistry studies have now shown that the radio-
lytic products of major food components are identical, regardless of
the food from which they are derived. Moreover, for major food
components, most of these radiolytic products have also been identi-
fied in foods subjected to other, accepted types of food processing.
Knowledge of Ihe nature and concentration of these radiolytic pro-
ducts indicates that there is no evidence of a toxicological hazard.

(c) Supporting evidence is provided by the absence of any adverse

effects resulting from the feeding of irradiated diets to laboratory
animals, the use of irradiated feeds in livestock production, and the
practice of maintaining immunologically incompetent patients on ir-
radiated diets.

The Committee therefore concluded that the irradiation of any
food commodity up to an overall average dose of 10 kGy presents no
toxicological hazard; hence, toxicological testing of foods so treated is

no longer required.

102 Microbiological and nutritional acceptability of irradiated food

The Committee considered that the irradiation of food up to an
overall average dose of 10 kGy introduces no special nutritional or
microbiological problems. However, the Committee emphasized that
attention should be given to the significance of any changes in relation
to each particular irradiated food and lo its role in the diet.
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10.3 liigh-dose irradiation

The Committee recognized that higher doses of radiation were
needed for the treatment of certain foods but did not consider the
toxicological evaluation and wholesomcness assessment of foods so
treated because lhe available data are insufficient for this purpose.
Further studies in this area are therefore needed.

11. FUTURE RESEARCH

The Committee considered that future research is needed in the
following areas in order to increase existing knowledge about the ef-
fects ol irradiation on food and to facilitate future evaluations:

—The technological and economic feasibility of conducting food ir-
radiation on a larger scale and with a wider variety of foods should
be established (see section 3).

—Further studies in lIhe area of wholesomeness assessment of certain
foods irradiated at higher doses are desirable (see section 10.3).

— If possible, there should be a systematic collection and review of
information on the effects of using irradiation-treated human diets
(see section 7).

—The conflicting results published on the effect of radiation on the
biological value of proteins and B complex vitamins in pulses should
be clarified because of their importance as staple foods in many
countries (see section 9.4).

— As there is little recent information on Che effect of radiation on
folic acid, future work should be carried out on representative
folate-containing foods, since the diets in some parts of the world
have a marginal folic acid content (see section 5).

— Further work on Ihe effects of combination of irradiation with other
processes on the nutritional value of foods so treated is desirable
(see section 5).

12. RECOMMENDATIONS

The technological and economic feasibility of food irradiation on
an industrial scale should be established. A wider variety of foods
should also be studied with respect to their suitability for processing

by irradiation. IAEA and FAO should facilitate such studies and col-
lect data for the purpose of making recommendations.

The use of high-dose radiation for the treatment of certain foods
has been recognized as being technologically feasible. To assess the
safely of this process, further information is needed on its nutritional,
microbiological and toxicological implications. Such intormation is
being generated and should be brought together by FAO, IAEA and
WHO for future evaluation.
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Food Irradiation:

What\/\fh etr?e er&

by BERNARD S. SCHWEIGERT, Ph.D.

S It Now?
0ing?

The question whether irradiation is an acceptable alternative method offood
preservation has become a debatable scientific and environmental health issue ofgreat

Dr. Schweigert, Professor and Chairman,
Department of Food Science and Technol-
ogy, University of California, Davis, re-
ceived three degrees at the University of
Wisconsin and has served on the faculty
of Texas A and M. Michigan State and the.
University of Chicago. He has authored
over 200 articles on nutrition, biochemis-
try and food science and has served as
president of the Institute of Food Technol-
ogy and on innumerable scientific advisory
committees to government and industry.

public interest.

newed interest in the poten-
tial for the use of irradiation
in the preservation of foods

has been evident since the issuance
of regulations by the Food and Drug
Administration in April of 1986,
permitting the use of irradiation at
low levels to control insects, to ex-
tend the shelf life of fruits and veg-
etables and to control parasites.
Higher dosages were approved to
control microbial contamination of
spices, dehydrated onions and
garlic. In an earlier article published
in Nutrition Today, W. M. Urbain
described this technology and its
primary rolein the killing of micro-
organisms and insects in our food
supply. Irradiation of food has been
extensively studied during the past
40 years. Itis unique in that a tem-
perature increase of only a few de-
grees occurs with the application of
radiation to food systems. This has
led to the term ‘cold sterilization'
for foods so treated where the irra-
diation dose is sufficient to kill all
microorganisms that are present.
With appropriate packaging prior to
irradiation, foods so treated are not
susceptible to microbial spoilage
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when kept at room temperature
This led to some of us carrying a
beef steak appropriately packaged
and irradiated in our suit coat pock-
ets as a demonstration item When
talks on food irradiation were given!

WHAT IS IT?

Basically the process involves the
exposure of foods to ionizing radia-
tions developed either from radio-
nuclide sources (cobalt-60 or ce-

Irradiation involves the
exposure of foods to
lonizing radiations either
from radionuclide sources
or from electron
accelerators.

sium-137) or from electron acceler-
ators (i.e., machine sources) which
generate electron beams. The elec-
tron beam can be converted to x-
rays which are comparable to the
gamma rays that are emitted by co-
balt-60 and cesium-137 sources
The program of research earned out

1
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Glossary

Irradfationt Exposure at foods to ionizing radiations from either radionuclide

sources or from electron accelerators.

Radurization: Pasteurization of food3 with treatment with 50.000 to 200,000

rads;

Radicidation: Treatment of food at a level to control food poisoning microor-

ganisms (200,000 to 600,000 rads).

Radap(Pertization: Sterilization to kU al microorganisms (1,000,000 to
4,000.000).

over the past 40 years was facili-
tated by the interest and support of
the Atomic Energy Commission,
impressed with the potential 'peace
time uses of atomic energy' in food
preservation. Similarly the U.S.
Army saw the potential application
of radiation to the preservation of
foods for the military. These sources
of support have not been available

14

in recent years and currently very
little research is being carried out in
the United States on the preserva-
tion of foods by irradiation. This
topic, however, continues to be of
major interest to scientists, to the
food and allied industries and also
to some consumer groups, who ex-
press concern relative to the appli-
cation of this technology to our food

supply. These concerns will be elab-
orated or in the subsequent discus-
sion.

The amount of radiation ab-
sorbed by the food item isexpressed
in terms of rads, and more recently
as Grays (100 rad = 1 Gray). We
will be utilizing the term rads
throughout this article, since it has
been widely used, particularly in
the earlier stages of the food irra-
diation studies. In general, the ap-
plication of approximately 10.000
to 50,000 rad (100 to 500 Gray) is
the effective dose range to control
insects in our food supply, to inhibit
the sprouting of potatoes and on-
ions (Figure 1) and to control para-
sites in meat products. The 'pas-
teurization level' called raduriza-
tion is applicable for foods treated
in the range of 50,000 to 200,000
rads (500 to 2,000 Gray), for ex-
ample, for the control of Salmonella
in poultry products. The application
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of levels to provide control of food
poisoning microorganisms (radici-
dation) is generally considered to be
in the range of 200,000 to 600,000
rad and for sterilization to ac-
complish the Kkilling of all micro-
organisms present 1,000,000 to
4,000,000 rad (radappertization)
may be needed, depending upon
the microorganism, the food and
the technological circumstances
used during the irradiation treat-
ment. Each food system needs to be
considered on a case-by-case basis
to account for variables in the sys-
tem (species or the nature of the
source material—plant or animal
for example, moisture content, tem-
perature used during the irradiation
treatment, fruit or vegetable variety,

desired effect or effects to be
achieved during the irradiation
treatment, etc.). Some of these

points will also be illustrated in the
subsequent discussion.

Thus, we have available a tech-
nology that may have the potential
to improve food products available
to the consumer and to fill a need
in the marketing system, which
may have considerable potential for
application in this, as well as other,
countries. Many other countries
also have governmental approvals
lor food irradiation, which are con-
stantlc under review.

It couid well be asked why this
technology has taken so long to be
considered for application, or in
fact, if it has a place in our food
preservation system. Factors in-
volved here are the decision of Con-
gress. through the Delany Amend-
ment. to require that the irradiation
of foods be treated as a food addi-
tive. This, of course, requires 1)
long-term feeding tests, etc., to as-
sure wholesomeness of the process,
2) assurance of the safety of our
foods, particularly when a new
processing technology is being con-
sidered 3) answers to questions
raised during the course of the
wholesomeness studies as to whether
an adverse effect had occurred at-
tributable to the irradiation treat-
ment and 4) consideration of the
uncertainties that would be associ-
ated with marketing such products
with respect to consumer accept-
ance Also, precise costs are
unknown until we have actual com-
mercial information available, as-

suming the process proceeds to that
stage.

MECHANISM OF ACTION

The gamma and x-rays produced
by radionuclides and machine
sources interact with molecules in
the food by transferring energy,
forming free radicals. These free
radicals may then react with the
nuclear material of the cell (deoxy-
ribonucleic acid— DNA), and thus
prevent the microorganisms, para-
sites or insects present from repro-
ducing. As noted above, the dosage
required to achieve Killing varies
with the microorganism and insect
involved. The free radicals formed
may also react with other chemicals

Free radicals react with
DNA to prevent
microorganisms, parasites
or insécts present from
reproducing.

present in a food system. Of partic-
ular interest have been the changes,
if any, in the sensory properties
(pnmanly changes in flavor), in the
nutritive value (pnmanly sensitive
vitamins) and in anv other sub-
stances that mav affect the whole-
sorneness or safety oi the irradiated
food. This concern hap evoked a
great deal of research attention
through the years. It is of interest
that with the more conventional
food processing methods (refriger-
ation and freezing: heat treatments
such as canning and drying) in
many circumstances we do not have
comparable and as thorough infor-
mation available. We do, of course,

Table

have the experience of consuming
these foods over a period of years,
which is an extremely important ba-
sis for assessing their safety.

WHERE WE ARE NOW

Low level applications of irradiation
has been approved by the Food and
Drug Administration in this country
for inhibiting sprouting in potatoes
and onions, for up to 3,000,000 rad
controlling insects in grains, such as
stored wheat, and parasites in pork
products, forextending the shelf life
of fresh fruits and vegetables and
for controlling microbial contami-
nation in spices and dehydrated on-
ions and garlic. The only known
commercial application in the
United States is for controlling the
microbial contamination of spices,
dehydrated onions and garlic. Oth-
ers are being explored, but are not
as yetused commercially. Commer-
cial applications in other countnes
include control of insects in grain
(Russia), inhibition of sprouting in
stored potatoes (Japan), and extend-
ing shelf life of certain fruits and
vegetables being shipped from
South Africa to Europe Several
other governmental approvals are
available in various countnes. al-
though are not in full scale com-
mercial practice at the present time
With respect to the scientific in-
formation available, it is usctui
review several kinds of data in Ta
ble 1, we have documented from
the work of W. M. Urbain the eftee:
of dose level and storage times on
the total plate count of microurca-
msms present in irradiated b-n
steak. This isa typical research rind-
ing in that the microbial load in
creases during storage at refrigera-
tion temperature (4°C) at each ot

Effect of Various D es of Gamma Radlatlon on the Total Plate Count
TPC) of Irradiated Beef Steaks*

TPC/g after Days Storage at 4°C

Dosa (rads) 0
16 x 10*
50.000 18x 10¢
100.000 80 x 10*
250,000 10x 10*
500.000 60
1.000.000 <10

7 14 21
1.0x 10 5.6X107 70 x 10*
6.2 x 10* 7.7 x 10* 30x 10
33 x 10s 30x 10* 9.0 x 10*
28 x 10* 86 X103 9.8 x 10*
10x 10* 20 x 10* 22 x 10*

<10 <10 <10

* From Urbain WM. Food irradiation. Adv Food ReS 1978:24:155-227.
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.. Japble?2 -
Effect of Irradiation* Temperature on Thiamin
Content of Ham

Temperature at
Irradiation (°C)

5
-20
-40
-60
-60

% Retention!

' Dose 3.000.000 to 4.000.000 rads,

t Initial content 3.67 mg/100(.

Table3
Threshold Dose for “Radiation Flavor”*

Meat

Pork
Beef
Chicken
Lamb

Dote

175.000
250.000
250.000
625.000

 Data from Thomas MH. Wiertxcki E. Effect of irradiation dose and
temperature oo the thiamine content of ham. Technical Report 71-
44-FL Natick. MA; U.S. Army Natick Laboratories. 1971.

the ir adiated dosages below a level
that results in sterilization of the
beef steaks (1,000 krad; 10kGrav).
Thus, v.'sjhave scientific demonstra-
tion of the effect of irradiation on
killing microorganisms in a major
food product.

With respect to flavor changes,
some differences have been ob-
served with different meat prod-
ucts, as shown in Table 2. Ob-
viously the detection of a 'radiation
flavor' may be sufficient to limit the
marketing opportunities for prpd-
ucts with this dosage. It should be
noted that the effect on flavoc is
markedly sensitive to the tempefa-_
ture of the product when the ,ilfa?Vv
diation is carried out. As noted eatfe
lier, each potential application ot'
food irradiation is assessed on a
case-by-case basis with full aware-
ness of the variables in the process
(temperature, packaging, nature of
the food product, anticipated stor-
age conditions after processing, etc.)
that need to be considered.

%@%ﬁ}@ﬁ%g SAFETY

It is of interest to note in Table 3
that irradiation reduces the thiamin
content of ham and that the reduc-
tion is markedly influenced by the
temperature in the food during ir-
radiation. As expected, thiamin is
rnucn less sensitive to irradiation

>0

when the process is carried out at
lower temperatures. It is of interest
also that vitamins sensitive to the
presence of oxygen, [namely vita-
mins A, C and E,| also show in-
creased losses during irradiaton.
Other vitamins are essentially sta-
ble. In addition, no significant
change has been noted in the prop-
erties and nutritive value of carbo-
hydrates, proteins, fats and min-
erals when the irradiation has been
carried out at a range of dosages up
to 4.000,000 rads. Some changes do
occur that may be of interest. For
example, fat oxidation occurs more
rapidly with irradiation and some
breakdown of complex carbohy-
drates occurs in plant tissues. This
latter circumstance may lead to an
interesting commercial application
in that a 5% increase in juice yields
has been obtained on the irradiation
of citrus fruits.

On an overall basis, the changes
in nutritive value approximate
those associated with heat process-
ing preservation methods. It is re-
alized that some foods will be
cooked, as well as irradiated, before
consumption so there could well be
some additive effects on the total
nutritive value. These are not
thought to be sufficiently major to
be a serious deterrent to using food
irradiation as a  preservation
method, assuming other aspects of
u.a process are in the best interest

of the consumer. No significant nu-
trient changes have been observed
with the use of low levels of irra-
diation of foods.

The ability to assess the whole-
someness and safety of irradiated
foods has been a major challenge to
scientists in that every attempt was
made to carry out parallel investi-
gations to those used for food ad-
ditives. This obviously was not pos-
sible with a food (i.e., to feed at
levels of 100 times the intended
usage level), and it was generally
agreed that such feeding studies
with at least two species of animals
for each potential application
would be carried out with the food
providing 35% of the expenmental
diet as is noted in Table 4. Most of
these studies were carried out using
the rat and the dog for the 21 foods
that were selected for these studies
in the U.S. Army program. It will
be noted that two fruits were in-
cluded when the rat and the mon-
key were used. The reader will note
that for certain of the foods it would
be a heroic accomplishment for the
experimental animal to consume
with good acceptance this quantity
of food in the daily diet! Other stud-
ies carried out with irradiated on-
ions provided an even greater chal-
lenge in this respect! To this date
we do not have ideal safety proto-
cols for evaluating a process [such
as irradiation] applied to foods.

Other studies to extract major
constituents with various solvents
supplement these studies. An effort
was made to detect Vrjque radiol-
ytic products' in these and other
foods. From extensive gas chromat-
ographic and other methods of
analysis no new chemical products
have been detected that are not
present in our conventional food
supply even though some increase
or decrease in production of sub-
stances not normally found in a
specific food product but in others
were observed. From the extensive
feeding studies carried out includ-
ing those completed and reported
recently with irradiated chicken no
significant public health problem
has been demonstrated with the
feeding of irradiated foods to ex-
perimental animals. Some specific
studies raised questions which led
to additional research. It is recog
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Table 4
Foods Used in Long-Term Feeding Studies, to
Investigate the Efféct of Treating Foods with
lonizing Energy

Food

Beef, ground
Pork, loin
Bacon

Shnmp

Codfish
Chicken

Tuna

Beef stew
Chicken stew
Carrots

Cole slaw

Com

Beans, green
Potatoes, while
Potatoes, sweet
Flour

Fruit compote
Evaporated milk
Peaches
Oranges

Jam, pineapple

nized that this is not a view held by
every scientist in the world and we
need to keep an open mind to any
new studies that provide additional
information.

CONSUMER ACCEPTANCE

This aspect has attracted consider-
able attention, particularly in the
media, and has led to studies to
ascertain the degree of potential ac-
ceptance or resistance to marketing
of irradiated foods On the one
hand, we have inquiries asking,
'‘Will the food glow in the dark?
when extensive stupes
shown that the energr’level of ir-

radiation used does not njfjiJ.t in any-?-,
increase in induced radioactivity ip; .

the food product. Or. 'J understand ?
all the nutritive value is&St. antfcall
of the body enzymes are destroyed
when irradiated food is eaten!" Ob-
viously, consumer education op-
portunities abound! On the other
end of the range, we do have in-
quiries asking when we can use this
unique process which will result in
the ability to keep foods fresh
longer, or .0 control food poisoning
organisms, or to be an alternate to
fumigants such as ethylenedibro-
mide fbr treating and importing
tropical fruits, such as papaya and
mangos. It is of interest that two
demonstration projects in the past
year, one with the shipping of irra-
diated mangos from Puerto Rico to
Flonda, and the other for shipping

have...

Test Animal

Rat. dog
Rat. dog
Rat, dog
Rat. dog
Rat, dog
Rat, dog

Rat, dog
Rat. dog

Rat. dog
Rat, dog
Rat. dog
Rat. dog
Rat, dog

Rat. dog
Ral. dog

Rat. dog
Rat. dog
Rat. dog
Rat. monkey
Rat, monkey

Rat. dog

irradiated papayas from Hawaii to
California, resulted in apparent
very good acceptance of the irradi-
ated food products by consumers
and they were judged superior in
taste in the California study as com-
pared to controls.

A number of groups have been
formed around the United States
equivalent to ‘coalitions against
food irradiation,' and have con-
tacted congressmen, as well as state
officials, to seek legislation to delay
the application of the Food and
Drug Administration approvals for
food;irradiation, or to ban the dis-

Footi scientists and
nutrition iducators are
challenged to provide

appropriate information to
help consumers make
meaningful choices.

tribution of irradiated foods within
the state. These are challenging
times for food science and nutrition

educators to provide the approjiri-;-

ate information to interested indi-
viduals, so that if and when irradi-
ated foods are available for con-
sumption. meaningful choices can
be made by the consumer based on
factual information.

Studies at the University of Cali-
fornia at Davis, provided evidence
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that ecologically sensitive con-
sumers, as well as younger and fe-
male consumers appear to have
greater resistance to acceptance ol
irradiated foods than others in the
population. They also showed thai
consumers were not well informed
about irradiated foods. However
many of the conventional con-
sumers had an open mind to the
purchase of these food items, if thev
become available. They are cur-
rently studying another important
aspect of consumer acceptance
namely how to appropriately label
irradiated foods.

LABELING

Current Food and Drug Adminis-
tration regulations provide for use
of the international symbol for food
irradiation (Figure 2) plus a wntten

Figure 2. International symbol for irraC'

ated foods.

comment indicating the t.'vJ ha;
been irradiated. The Food anJ Drue
Administration plans to revi*

a 2-yearperiod. how this sv»-« — i-

working and if any jnvdiii. -«
are merited. Even though w- .
label foods processed b
methods with information tne

method of processing, with »m-
new and rather complex method oi
processing, information indicating
food has been inadiated is appro-
priate. Considerable difference of
opinion exists as to the b*>* am —
plest and most effective and v<
method to achieve this objective
is of interest that secondan u”age
of irradiated ingredients i>u, h a-
spices used in a formulated food
does not require labeling that ar
ingredient has been irradiated Ir
this case, it is also of inters; trorr
a safety standpoint that the ti'-agt
of an item such as irradiated apices
in addition to being technuiogn.all\



. . Tableb5
Promising Applications ol Irradiation to Foods

oA WN —

Microbial control In spices and dried onions and game
. Insect deinfestation of gram

. Extending shelf life of fruits and vegetables

. Controlling insects in imported fruits

. Extending shelf life of manne food products

Inhibition of sprouting of potatoes

Table 6
Food Irradiation Issues

1 Safety

2. Nutntive value

3. Costs

4. Community acceptance
5. Consumer acceptance

suited, is also self-limiting as to the
amount that a human would be
consuming, in view of the flavor
intensity of such products. How-
ever, some individuals feel that
foods using irradiated spices, on-
ions and garlic should also be so
labeled.

PROMISING APPLICATIONS

As we look ahead, it would appear
most likely that evolutionary, not
revolutionary, changes to process-
ing foods by irradiation will occur
and these will be particularly selec-
tive in the United States where we
are considered to have a good sys-
tem of processing, storage and dis-
tribution of the food supply. As
noted in Table 5, several promising

Evolutionary, not
revolutionary, changes to
processing foods by
irradiation will occur.

applications of irradiated food are
listed. The economic significance of
these and the degree to which they
meet consumer needs, are still
somewhat uncertain. The most
promising applications appear to be
with the use of the machine sources
of gamma irradiation, which can be
turned on and off as needed and
present far fewer difficulties in
‘community acceptance," which is
associated with providing or trans-
porting the radionuclide sources
tba? constantly emit gamma rays.
We have good systems for worker

protection, shielding radioisotope
sources during shipping, etc.; how-
ever, itis an aspect of high sensitiv-
ity to some members of a commu-
nity to have the potential or actual
presence of a radioactive source lo-
cated in the community. In current
work, design and cost estimates for
the use of linear accelerators (ma-
chine sources) are being investi-
gated.

WHERE ARE WE GOING?

As noted above, there continues to
be interest in the issues about ap-
plication of food irradiation in the
scientific community, as well as in
the consumer community (Table 6).
Questions still occur relative to the
safety of irradiated foods and we
have limited human experience.
These foods have been fed to astro-
nauts and also in medical treat-
ments where the reduced immune
response of the patient requires
feeding of sterilized food products.

The actual applications of irradia-
tion to a specific food product will
further identify any changes in nu-
tntive value; however, this does not
appear to be a major difficulty as
compared to heat processing meth-
ods.

Until we have good pilot plant
and commercial experience, costs
will not be easy to define. From the
engineering and economic litera-
ture”, it would appear that on an
overall basis, costs will be compar-
able to other processing methods
and should not preclude further ex-
amination of the value of using this
processing system for the preser-
vation of foods.

The community and consumer
acceptance'issues will continue with
considerable emotion. Answering
the concerns with facts is essential
and obtaining further research find-
ings will be helpful in this connec-
tion. We also need to enhance con-
sumer education activities, includ-
ing providing information on the
research findings obtained in many
countnes of the world where this
food processing technique is being
studied. It is of interest that the
International Atomic Energy
Agency in Vienna and the WHO/
FAO organizations have indicated
approval for the use of irradiation
in the processing of foods up to and
including the use of 1,000,000 rad.
The International Atomic Energy
Agency is also developing a 2-week
training program for scientists from
number countries to obtain a first-
hand knowledge on procedures for
operating a food irradiator to assure
safety and appropriate application
to individual food products.

The question has been asked if
the federal funding of food irradia-
tion by the Atomic Energy Com-
mission and the U.S. Army can be
justified in view of the very limited
usage that has occurred on a com-
mercial basis to date. The use of
these funds to obtain valuable in-
formation on our conventional food
processing and preservation meth-
ods (i.e.. nutritional, sensory, micro-
biological, physical and chemical
and toxicological characteristics) as
controls have been very valuable.
Also many undergraduate, gradu-
ate end postdoctoral students re-
ceived financial supportin their re-
search studies, which has added
significantly to the pool of educated
scientists continuing to make im-
portant contributions to our knowl-
edge of the properties of foods.

Members of the food science and
nutrition scientific community will
find it of interest to continue to
follow developments and provide a
leadership role with respect to this
unique and potentially important
method of food preservation.
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University of Alaska Fairbanks

Alaskan Commodities

Irradiation Project:
An options analysis study

project objective

The overall goal of this feasibility study (which is being conducted for
the State of Alaska) is to evaluate the potential social and economic benefits
and risks that may be realized from the application of food irradiation
technology to Alaska®"s seafood and agricultural products. Potential benefits
include increased shelf life, allowing commodities to be shipped greater
distances as fresh products without degradation of product quality, and
decreased naturally occurring disease-carrying microorganisms that are of public
health concern. Treatment of Alaska-produced food products may benefit the
seafood and agricultural industries by opening new markets both in-state and
worldwide for these value-added products. A potential added benefit to Alaskan
consumers is a safer and more varied food supply.

project background and funding source

The U.S. Congress mandated a six-state research program with the ultimate
objective of transferring irradiation technology to the private sector for
commercialization if the net benefits are positive. Florida, Hawaii, Ilowa,
Oklahoma and Washington, as well as Alaska, are studying potential benefits of
this technology. The funds appropriated by Congress have been transferred to
the individual states by the U.S. Department of Energy. Alaska designated the
Institute of Northern Engineering at the University of Alaska Fairbanks to
conduct the feasibility study on behalf of the state.

research agency and project scope

The Institute of Northern Engineering is coordinating the efforts of an
interdisciplinary team of researchers, including food scientists, economists,
engineers and management specialists. This team is evaluating the technical
(including safety), economic, financial, political and social feasibility of a
food irradiation facility in Alaska. An advisory panel representing government,
industry and the general public has been assembled to provide additional input
and expertise.

final recommendations

At the conclusion of the feasibility study, which is expected by late
summer 1988, the team, with input from the advisory panel, will make
recommendations to the State of Alaska and the U.S. Department of Energy.

The State of Alaska will make a final decision regarding the implementation of
any recommendations.

University of Alaska Fairbanks

with campuses In Fairbanks, Bethel, Kotzebue and Nome



TJniversity of Alaska Fairbanks

FACT SHEET: Irradiated Foods

the process

Irradiation is a physical process like canning, freezing, drying and
pasteurizing. It is used to reduce levels of naturally occurring disease-carrying
microorganisms of public health concern and to extend the shelf life of food. Shelf
life of perishable foods such as fresh fish, poultry and meats can be extended two to
three times.

During the irradiation process, foods are exposed to an ionizing radiation
source. lonizing radiation passing through the food breaks chemical bonds in
undesirable microorganisms. It destroys bacteria, yeast and molds. Irradiation can
kill or sterilize insects, and it can retard further ripening of fruits and
vegetables. Because irradiation increases the temperature of the food only a few
degrees, fresh foods retain their appearance, texture and flavor. However, because a
few (six out of 10,000,000) chemical bonds are also broken in the food, some small
quality changes occur. For example, irradiated dried vegetables cook faster, meat is
tenderized and solanin, a naturally occurring toxin in potatoes, is not formed.
Potatoes, strawberries, mangoes, frozen fishery products and grains are among the
food products irradiated in foreign countries.

energy source

Machine-generated beams of electrons or X-rays, or gamma rays from isotopes such
as cobalt-60 or cesium-137, can be used as the radiation source. Machine sources are
attracting increased interest because they eliminate many environmental and safety
concerns.

approved uses

In the United States, the Food and Drug Administration determines what foods can
be irradiated, at what levels and for what purposes. Approval for wheat, wheat flour
and potatoes dates from the 1960s. Irradiation of pork, dehydrated spices, herbs,
teas, vegetable seasonings and fresh produce has been approved since 1984.

current uses

Some spices are disinfested using irradiation. In test markets, irradiated
tropical fruits have sold well; appearance and quality of these fruits encouraged
consumers to purchase them. Labeling is required so that informed consumers can
select among available products.

American astronauts have been consuming irradiated food in space since the
Apollo missions, and some American hospital patients, who cannot tolerate
disease-carrying microorganisms, prefer irradiated foods over the alternatives.

-more-

XJniversity of Alaska Fairbanks

with cam pvt In Falrbanka, Bathal, Kotiabua and Noma




food safety

Irradiated foods are not radioactive and the consumer 1is never exposed to
radiation. The approved processing procedure has little effect on nutritional
quality. Recent studies show no harmful effects from eating irradiated foods even
when 100 percent of an individual®s diet was irradiated food. Scientifically
conducted animal studies also show no toxic effects.

The World Health Organization (WHO), the U.S. Food and Drug Administration (FDA!
and the American Medical Association (AMA) have endorsed the process. More than ?0
countries (including Canada, The Netherlands, Japan, France and Australia) have
approved the process for foods intended for human consumption.

consumer protection

The food irradiation process is regulated under federal and state food safety
and good manufacturing guidelines. Workers and training and safety procedures are
governed by state and federal guidelines. International standards for the operation
of food irradiation facilities have been established by the United Nations.

potential benefits and risks to Alaska

The irradiation process could increase the quality and selection of available
food products, especially in rural Alaska. Reduction of pathogen®"s® of public healt”
concern would improve the safety of foods available to all Alaskans.

Extended shelf life may allow fresh Alaskan products to be shipped into new
in-state, national and international markets without degradation of quality. This
could benefit the seafood iIndustry by increasing Alaska®s share of the premium
fresh-fish market outside of the state and by increasing the availability of fresh
fish iIn in-state markets. Marketing underutilized fish species with limited shelf
life may also become feasible. It may also allow fresh Alaskan reindeer products to
enter the growing national and international game meat markets. Increased shelf life
could also provide more consistent market supplies and avoid spoilage.

utilization of presently discarded by-products from the seafood and agricultural
industries would eliminate some environmental concerns and increase total product
value.

Selection of a radioactive isotope as an ionizing source for the process would
cause some low-level risks associated with transporting and using this material.
These risks could be mitigated by using an X-ray machine. Machines generate
radiation only during periods of operation and can be turned off by simply flipping a
switch. If a facility were to be built in Alaska, safety in design, construction
and operation would be of prjmary importance ............ -

XJniversity of Alaska Fairbanks
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Food Irradiation and Alaska's Food Industries

Ruthann B. Swanson*,

Introduction

Canning, freezing, drying, and pasteurization are familiar
food-preservation processes. Recently, another food-
preservation process, irradiation, hs.s gained attention in
the American press. A study to evaluate the use of food
irradiation is presently being conducted in Alaska by the
Institute of Northern Engineering, University of Alaska Fair-
banks. The purpose of this study is to determine the poten-
tial social and economic risks and benefits that may occur
in Alaska from the application of food irradiation technology
to Alaska's seafood and agricultural products.

This technology has been a subject of worldwide
research and development for over 40 years. It is used to
preserve various products in many countries. For example,
potatoes are treated in Japan to inhibit sprouting, fresh
strawberries are treated in the Netherlands to prevent
molding, mangoes are treated in South Africa for insect
disinfestationr and shrimp are irradiated in Australia to ex-
tend shelf life (VanKoij 1986). In the' United States, it is
primarily used to sterilize nonfood products, although
selected food products have been approved for irradiation
by the United States Food and Drug Adminstration (FDA).

Food Irradiation Project Background

The United States Congress in 1986 authorized research
programs in six states, with the objective of transferring ir-

*Vlﬂtmg Assistant Professor of FoodS |ence Instltute

thern En |n%er|n Unlversnly Alaska Fair aﬁq
ssociate Professor of Resource Mana rﬁement chqol

0 AgnEUIture gnd Lana Resources Manngement, University

alr
a R}Slstant Initltute of Northern Engineering,

orato

njversity o Xas a Fair

o ?—\ﬁ IStant Pro essorofa Mechanical En eerln? Ins[(tute
of Nort a Falrban

ern Engineering, University of Ar%s

Carol E. Lewis'*,

By

Charlotte I. Hok***, and Deben K. Das****

radiation technology to the private sector for commercializa-
tion if net benefits prove to be positive. The states of Florida,
Hawaii, lowa, Oklahoma, and Washington as well as Alaska
are evaluating the process. The funds appropriated by Con-
gress were transferred to the individual states through the
U.S. Department of Energy (DOE).

The Alaskan study team is an interdisciplinary group of
researchers which includes food scientists, economists,
engineers, and management specialists. An advisory panel
representing government, industry, and the general public
has been assembled to provide additional input and exper-
tise. At the conclusion of the feasibility study, the team, with
input from the advisory panel, will mak9 recommendations
to the state of Alaska and DOE. The Office of the Gover-
nor of the state of Alaska will make a final decision regar-
ding the implementation of the recommendations.

The Irradiation Process

Food irradiation is a preservation process like canning,
freezing, pasteurization, and heat sterilization, or chemical
treatment that can be used to extend the shelf-life of food.
Today, most food products, even when marketed fresh,
have been processed to some extent. Chemical treatment
of potatoes to inhibit sprouting, dipping of papayas in hot
water to kill insects, and pasteurization of milk to kill natural-
ly occurring disease-carrying and spoilage microorganisms
are examples. In some cases, irradiation has the potential
to replace existing processing techniques. In others, irradia-
tion may be used in combination with these conventional
processes. However, irradiation is not a panacea, and it
cannot be used succesfully with all foods. Milk, for exam-
ple, is unsuitable for irradiation processing.

Foods that are exposed to an ionizing radiation source
are described as irradiated. During this process, radiation
is passed through the food product (fig. 1). Bacteria, yeast,
and moldit are destroyed, and insects can be killed or
sterilized. In addition, further ripening and sprouting of fruits
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Radiation Source

(Radioisotope or Maching)

Food

Figure 1. How irradiation works.

and vegetables can be retarded (fig. 2). Temperature of the
food is raised only a few degrees during irradiation process-
ing; fresh foods, therefore, retain their appearance, texture,
and flavor. A few (6 out of 10,000,000) chemical bonds in
the food are broken causing small quality changes in some
foods. Irradiated dried peas and beans cook faster, ir-
radiated meat is tenderized, and irradiated potatoes do not
turn green after exposure to light, indicating that solanin,
a naturally occurring toxin, is not formed (Loaharanu and
Urbain 1982). Breaking bonds in the food also produces
new compounds, known as radiolytic products, from the
food’s natural components. Some consumers fear that
these compounds are unnatural or hazardous. In fact, most

Figure 2. Effect of irradiation on conventionally processed super-
market potatoes after 1 month storage at room temperature; ir-
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of these products have been found in the same or other
foods that have not been processed using irradiation. Some
radiolytic products are also produced when foods are cook-
ed or processed traditionally (Josephson and Brynjolfsson
1987).

Irradiated foods are not radioactive, and the consumer
is never exposed to radiation (Josephson and Brynjolfsson
1987). Recent studies show no harmful effects from eating
irradiated foods even when 100 percent of the individual's
diet was irradiated food (Brynjolfsson 1987). Scientifically
conducted animal studies also show no toxic effects (CAST
1963). Under today’s processing conditions, the irradiation
process has little effect on the overall nutritive value of the

radiated potatoes have not sprouted (Photographs courtesy of H.
Farrar, IV and G. Subbararaman).



food, although the level of some vitamins may be lowered
slightly. The irradiation effect is no greater (and may be less)
than that found when other commercial processing
methods are used (IFT 1986, Josephson et al. 1978).

There are two major benefits from using the irradiation
process on food products. One benefit is increased shelf-
life that will allow commodities to be shipped greater
distances as fresh products without degradation of product
quality. A second is decreased levels of naturally occurr-
ing, disease-carrying microorganisms that are of public-
health concern, such as Salmonella, Campylobactor, and
Clostridium.

Labeling

Foods treated with irradiation look like or, in seme cases,
look better (Bruhn and Noell 1987) than traditionally handl-
ed foods; therefore, labeling is required so that the con-
sumer is aware that the food has been processed by irradia-
tion (FDA 1986). The logo in Figure 3 is the international
irradiation (radura) symbol used to identify irradiated foods.
At the present time, the statements "treated with radiation”
or "treated by irradiation" also must be used on the label.
These labeling guidelines apply to all irradiated foods, in-
cluding bulk foods, sold directly to consumers. When com-
bination food products (cake mixes, salad dressings) con-
tain irradiated ingredients, the product does not have to be
labeled because such small quantities are involved and
because it is obvious that the product has been processed
(FDA 1986). Any product that is irradiated for wholesale
distribution must also be labeled. The statement "treated
with radiation, do not irradiate again” or "treated by irradia-
tion, do not irradiate again" is required (FDA 1986).

Figure 3. International food irradiation logo (FDA, 1986).

Irradiated Food Products in the United States

The FDA has approved irradiation of a variety of food pro-
ducts for sale in the United States (Lecos 1986). This does
not imply that these foods are currently available to retail
consumers, nor that irradiated Alaskan commodities will bo
available for purchase in the near future.

Approved products In United States

The FDA determines which food products can be ir-
radiated and at what levels and for what purposes in the
United States (Lecos 1986). The agency has approved ir-
radiation treatment of the food products listed in Table 1
Except for spices and dehydrated vegetables, the irradia-
tion dose levels approved by the FDA are at pasteurizationl
levels. Therefore, although spoilage and disease-carrying
microorganisms are reduced, the foods are not sterile. Pro-
per handling and such storage as refrigeration and freez-
ing remain very important in preventing the multiplication
of surviving microorganisms. The USDA Food Safety and
Inspection Service has requested that FDA approve the ir-
radiation of poultry to kill Salmonella, a common source of
foodborne illness (food poisoning), and other disease-
carrying bacteria present (USDA-FSIS1986). A similar peti-
tion to allow irradiation of fish for commercial sale is ex-
pected in the near future.

Current uses

American astronauts have been eating irradiated food in
outer space since the Apollo missions (IFT 1983). In at least
one American hospital, a variety of irradiated food products
are served to some patients who cannot tolerate disease-
carrying organisms. The patients prefer the irradiated foods
over those not so treated (Aker 1984). However, the average

defined as a process which reduces the number of naturally oc-
currlng mlcroor%amsms wnjch cause s;t)ml?ge ana/or disease; The
process does not sterilize, 1.e., eliminate all’such microorganisms.

Table 1. Fooda approved for Irradiation In United States.
Food Year Approved Purpose
Wheat, wheat flour 1963 Insect control
White potatoes 1964 Sprout inhibition

Pork 1985  Trichinella spiralis
control: pardsite
causes trichnosis

Deha/drated herbs, spices, 1986  Kill inﬁects and

seeds, teas, vegetallle contral micro-
seasonings ) - _organtlsmst |

sect contral: . .
5&%%%%‘% " Natlration Inhibition

(Lecos 1986, FOA, 1986)
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American consumes little irradiated food, although ir-
radiated spices and dehydrated vegetables are increasingly
available. There is some speculation that irradiated fresh
--jits and vegetables may soon reach American grocers’
i.-.. res. Despite its limited use with food products, many
products that Americans use every day are irradiated. A
few reprasentative examples are listed in Table 2.

Labeled, irradiated, tropical fruits have been test-
marketed in the United States (Bruhn and Noell 1987, Puzo
1986). Appearance and quality of the fruits encouraged con-
sumers to buy the irradiated products (Bruhn and Noell
1987). Although response was positive in these market
tests, extensive test-marketing has not been done in the
United States.

Food Safety

Food safety is a major concern for the consumer and the
food industry alike, and, for the past 40 years, food irradia-
tion research has emphasized safety. The U.S. and British
governments, like many consumers, have expressed con-
cern about the safety of irradiated foods. As a result, the
U. S. Congress and the British Ministry of Health requested
independent reviews of food irradiation research. Foods
treated with irradiation are considered safe to eat if; (1) no
significant toxic effects or radioactivity are produced by pro-
cessing, (2) nutritional quality is not significantly decreas-
ed when the irradiated food is compared to the fresh pro-
duct or the same food processed using conventional
methods such as canning and freezing, and (3) harmful
microorganisms and microbial toxins are not present.

Researchers involved in the United States’ review
concluded:

from all the available scientific evidence that foods expos-
ed to lonizing energy under the conditions proposed for
commercial dpplication are wholesome, that is, safe to eat,
Their nutritional adequacr compares favorably with that of
fresh foods or with that of foods processed by well establish-
ed conventional methods. (CAST 1986)

British scientists also concluded that irradiated foods are
safe, wholesome, and nutritious (ACINF 1986).

The World Health Organization (WHO 1981), the U.S.
Food and Drug Adminstration (FDA 1984,1986), Canadian
Government (1987), and the American Medical Association
(AMA 1985) have also endorsed the process. Over 20 coun-
tries (including Canada, the Netherlands, Japan, France,
and Australia) have approved the process for foods intend-

g?gtlgsz'l Commonly used items that are Irradiated In the United

Baby bottle nipples Nogstlck cgokware

\R?mg)ons Ba g owdaer ,
ater Food packaging materials

Food cgntal ers Cosmetics

First aid packs Bum ointments

<40 irradiators are operating in the United States (Markovic 1985).
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ed for human consumption. The food irradiation process
is regulated in the United States under Federal food safe-
ty and good manufacturing guidelines (Engel 1987, FDA
1986). International standards for the operation of food ir-
radiation facilities have been established by the United Na-
tions (CAC 1984).

Irradiation Facilities

The use of radiation sources in Alaska is not new. At pre-
sent, there are about 70 isotope sources, and licenses have
been granted for approximately 1200 X-ray sources. These
radiation sources are used for medical, industrial and
research purposes (Heidersdorf, personal communicationl.
For example, Providence Hospital in Anchorage provides
radiation therapy using a gamma isotope source. X-ray
sources are used not only for medical purposes but also
in airport security stations throughout the state.

The source

Three types of radiation sources are recommended for
food processing: machine-generated 5 MeV X-rays and 10
MeV accelerated electrons and gamma rays from isotope
sources (CAC 1984). Cobalt-60 and cesium-137 are the
gamma isotope sources commonly used in the food-
irradiation process. However, machine technologies are be-
ing improved and are beginning to compete with the use
of traditional isotope sources.

Source transportation

Regulations and procedures for transporting gamma
sources in Alaska are in place (Alaska Radiation Protec-
tion Regulations 1978) because these sources are currently
used for medical, industrial, and research purposes. The
regulations are as stringent as those for interstate transport
(U.S. NRC 1984). Interstate transportation of ail
radioisotopes is governed by the U. S. Department of
Transportation as well as by the Nuclear Regulatory Com-
mission (NRC). When machine sources are employed,
there is no transportation involved because there is no
source to be transported (Rodrigues 1985). Thus, transpor-
tation concerns are moot.

Potential Benefits to Alaska

There are a number of potential benefits that could ac-
crue to both the seafood and agricultural industries and to
Alaskan consumers by extending the shelf-life of higher-

"Heidersdorf, S.D. 1987. Stale of Alaska Radiological Physicist. Spring
1987, Juneau AK.



valued products and increasing the value of now discard-
ed by-products. Problems associated with small markets
within the state, long distances to markets outside the state,
and limited or expensive transportation networks, have
hampered development of Alaska’s food industries.

*The Alaskan consumer may benefit from an increase in
the quality and selection of available foods. Reduction of
pathogens of public health concern would also improve the
safety of available foods. Not only are the numbers of
spoilage microorganisms reduced by irradiation but the
levels of naturally occurring disease-carrying
microorganisms, such as 9alMONella are also reduced
(USDA-FSIS 1986).

*Extended shelf life may allow fresh Alskan products to be
shipped into new in-state, national, and international
markets without degradation of quality. This could benefit
the seafood industry by increasing Alaska’s share of the
premium fresh-fish market outside of the state and by in-
creasing the availability of fresh fish in in-state markets.
Marketing of underutilized fish species with limited shelf-
life may also become feasible (Kramer, personal
communicationl). It may also allow fresh Alaskan reindeer
products to enter the growing national and international
game meat markets (Drum, personal communication?.

Increasing the shelf-life of fresh products could aid the
Alaskan food industry by reducing market gluts, minimiz-
ing price fluctuations, providing more consistent supplies
and reducing spoilage due to oversupplied markets. This
should benefit both the seafood harvester (Nickerson et al.
1983) and the vegetable producer.

eUtilization of now-discarded by-products from the seafood
and agricultural industries would eliminate some en-
vironmental concerns and increase total product value.
Seafood processing ‘‘wastes" are dumped into the ocean
in many Alaskan fishing communities (Monsen 1987), and
slaughter plant by-products (Olson, personal
communicationd are also discarded. Such by-products
have extensive uses in the cosmetic, pharmaceutical, and
animal feed industries (AECL 1987) outside of Alaska. A
research and development project to identify the quality ef-
fects on Alaska-produced commodities could be the next
phase in the evaluation of the irradiation process.

Request for Input

At the conclusion of the irradiation feasibility study, the
research team will make a recommendation to the state of

‘Kramer, D. 1987. Alaska Marine Advisory Program. June 1987,

Fairbanks, Alaska. | ,

%\I?ru&n, D. 1987. Indian Valley Meats, Inc., October 1987, Indian,
aska.

Qlson, J. 1987. Mt. McKinley Meat and Sausage Co. October

1987, Paimer, Alaska.

Alaska and the Department of Energy on the desirability
of a research and demonstration irradiation facility in
Alaska. Public comment is an important part of the study.
Readers interested in making their views known to the study
team should send written comments to:

Public Comment

Institute of Northern Engineering
539 Duckering

University of Alaska Fairbanks
Fairbanks, AK 99775.
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because of the research interest, collections were also
made in stands near the edge of the species' ranges. One
collection of white spruce was from the Firth River drain-
age on the Alaska-Yukon border. This stand was first
described by Dr. James V. Drew, dean of the School
of Agriculture and Land Resources Management of the
University of Alaska Fairbanks, and a colleague when they
visited the area as members of a soil survey team during
the summer of 1958 when Dr. Drew was Assistant Professor
of Agronomy at the University of Nebraska.

During 1987, a forest tree improvement cooperative was
established in Alaska. The School of Agriculture and Land
Resources Management is among the organizations pro-
viding the early direction for the cooperative. Dr. James V.
Drew is a member of the executive committee. Dr. Edmond
C. Packee, assistant professor of forest management, is
a member of the technical committee. Tree improvement,
the selection of the highest quality genetic stock and
maintenance of the gene pool, is an important aspect of
any reforestation program and has been quite profitable in
the Nordic countries.

Dr. Leroy B. Bruce, assistant professor of animal
science, AFES, Palmer Research Center has been ap-
pointed to the screening committee for research proposals
submitted to the newly created Applied Agricultural
Research Account. This is a fund held and administered
by the Alaska Division of Agriculture to support applied
agricultural research in Alaska. Producers in the agricultural
industry, individuals in state and local agencies, and Univer-
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sity of Alaska personnel may apply. These grants are to
sponsor applied research to find practical solutions to
agricultural problems. This type of grant fund is new to the
state of Alaska and opens new doors to sponsoring
agricultural research in the state.

Dr. Fredrlc M. Husby, associate professor of animal
science, served in 1987 as chairman of the Western
Regional Hatch Research Project W-166, "Characteristics
and feed value of barley and western protein supplements
for swine." Dr. Husby hosted the annual meeting of swine
nutritionists in Fairbanks June 15-18, 1987. During this
meeting, a five-year proposal for regional swine nutrition
research was developed. Within the proposed study, two
Alaskan barley varieties (‘Otal’ and 'Datal’) will be produc-
ed at six locations in the Western region to determine the
effect of production location on chemical composition. In
addition, Alaskan fish meal and fish oil will be included in
future studies as both protein and energy sources for
weaner pig diets.

Dr. Glenn Juday assistant professor of plant ecology,
has been on special leave from SALRM. He is writing a
book entitled Natural Areas in North America. Research for
the book has taken Dr. Juday through western Canada in-
cluding Yukon, Alberta, Saskatchewan, Manitoba, and on
to such locations in the U.S. as Indiana, Ohio, lllinois, and
Kentucky. In lllinois, he chaired the Natural Areas Con-

. . . Continued on page 41



Introduced: 1/22/88 5-1671A
Referred: Health, Education &
Social Services and Judiciary

IN THE HOUSE BY PHILLIPS AND GOLL
HOUSE BILL NO. 388
IN THE LEGISLATURE OF THE STATE OF ALASKA
FIFTEENTH LEGISLATURE - SECOND SESSION
A BILL
For an Act entitled: "An Act relating to irradiated food."
BE IT ENACTED BY THE LEGISLATURE OF THE STATE OF ALASKA:
* Section 1. AS 17.20.290(a) is amended to read:
(€)) The following acts and the causing of the acts (THEREOF]
prohibited:

(¢)) the manufacture, or sale, or delivery, holding, or
offering of sale of a food, drug, device, or cosmetic that is adul—
terated or misbranded;

(2) the adulteration or misbranding of a food, drug, device
or cosmetic;

(3) the receipt in commerce of a food, drug, device, or
cosmetic that is adulterated or misbranded, and the delivery or prof—
fered delivery of the article [THEM] for pay or otherwise;

4 the sale, delivery for sale, holding for sale, or
offering for sale of an article in violation of AS 17.20.050 - 17.20.-
070 and 17.20.100;

(5) the dissemination of a false advertisement;

(6) the refusal to permit entry or inspection, or to permit
the taking of a sample, as authorized by AS 17.20.200;

@) the giving of a guaranty or undertaking that [WHICH] is
false, except by aperson who relied on a guaranty or undertaking to
the same effect signed by and containing the name and address of the
person residing in the state from whom the person who relied on the

guarantee or undertaking received the food, drug, device, or cosmetic
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in good faith;

(8) the removal or disposal of a detained or embargoed
article in violation of AS 17.20.230 - 17.20.270;

(9) the alteration, mutilation, destruction, obliteration,
or removal of the whole or part of the labeling of, or the doing of,
another [ANY OTHER] act with respect to, a food, drug, device, or
cosmetic, if the act is done while the article is held for sale and
results in the article being misbranded;

(10) forging, counterfeiting, simulating, or falsely repre—
senting, or without proper authority using a mark, stamp, tag, label
or other identification device authorized or required by regulations
adopted under AS 17.20.230 - 17.20.270;

(11) the using, on the labeling of a drug or in an adver—
tisement relating to a drug, of a representation or suggestion that an
application with respect to the drug is effective under AS 17.20.110
or that the drug complies with the provisions of that section;

(12) the sale or offering for sale of frozen fish as fresh
fish;

(13) the improper labeling and drug substitution by pharma—
cists under AS 17.20.105%

(1A) the knowing sale of irradiated food; in this para—
graph,

(A) "irradiated" means treated with gamma radiation or
other ionizing radiation;

(B) "irradiated food" includes spices that have been
irradiated, and food that contains an irradiated ingredient
unless the only irradiated ingredient is a spice.

* Sec. 2. AS 17.20.290(b) is amended to read:

(b) The commissioner of environmental conservation or a designee
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of the commissioner is responsible for enforcingthe provisions of
[PARAGRAPHS] (a)(1), (2), (3, (&), (6), (., (), (9, and (10) of
this section, if the subject of the prohibited act involves food or
cosmetics, and the provisions of [PARAGRAPH] (a)(12) and (a) (14) of

this section. This subsection does not limit the authority of peace

officers.
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