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FOREWORD

At the invitation of the Government of Japan, the seminar was convened by FAO and IAEA
at the Ministry of Foreign Affairs, Tokyo, from 9 to 13 November 1981. The main objective
of the seminar was to review technological developments in food irradiation with reference to
public health clearances, legal aspects and assessment of practical application in the region.
Special emphasis was placed on reviewing results obtained under the Co-ordinated Research
Programme on the Asian Regional Co-operative Project on Food Irradiation (RPFI), a project
under the Regional Co-operative Agreement for Research, Development and Training Related
to Nuclear Science and Technology (RCA), which is sponsored by the Government of Japan.
It was therefore decided to convene the first Research Co-ordination Meeting (RCM) on the
RPFI in conjunction with the seminar.

The seminar and the RCM were attended by 60 participants from 15 countries and two
international organizations, including 28 scientists and officials from Japan. Twenty-eight papers
were presented in eight technical sessions. The following represents the highlights of papers
presented and discussions held at the seminar and the RCM.
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SUMMARY

I. Status of National and International Programme
(Chairman: J.F. Diehl - F.R.G.)

Five reviewed papers on the status of national and international programmes on food
irradiation were presented. The full texts of most of these papers are published in this docu-
ment. The key points discussed at this session included public acceptance of irradiated foods,
and existing legal barriers to trade with irradiated foods.

There was general agreement that the positive recommendations of the 1980 FAO/IAEA/WHO
Joint Expert Committee on the Wholesomeness of Irradiated Food have given a strong impetus to
the efforts of introducing the process into commercial practice. While studies on the whole-
someness of some irradiated foods are continuing within national programmes in Japan and the
United States, these will be completed in 1982. Results available to date have not indicated
any deleterious effects of irradiated foods.

At its 1969 meeting the Expert Committee had recommended temporary acceptance of two low
dose (up to 1 kGy) applications: sprout inhibition of potatoes and insect disinfestation of
wheat. The 1976 meeting had made these acceptances unconditional and had additionally approved
some medium dose (1 — 10 kGy) applications, e.g., pasteurization of chicken, shelf—life exten-
sion of strawberries, etc. The 1980 meeting saw no reason to reject low dose or medium dose
irradiation of any commodity on toxicological grounds, and thus established 10 kGy as the upper
dose limit for treatment of food. It did not consider high dose applications because the only
toxicological studies on radiation sterilized foods, carried out in the United States, had not
been completed at that time.

The new policy of the U.S. Food and Drug Administration, which proposes to accept all
food treated with 1 kGy or less for human consumption, was mentioned as another factor in favour
of commercialization of the process. The proposed ban of ethylene dibromide and the outbreaks
of the Mediterranean fruit fly in California have helped to overcome the very restrictive pol-
icy previously maintained by the FDA. However, a dedicated effort of educating legislators and
government officials to the advantages of food irradiation was also considered necessary. A
need for further information to the public, not only in the U.S.A., but all over the world, was
stressed by several speakers.

While scientists with a good knowledge of food irradiation are needed to provide this
information and to advise the authorities, it was pointed out that the legal acceptance of
irradiated foods in each country ultimately requires a decision at the political level. A
Codex Alimentarius Commission Standard for irradiated foods should help to facilitate this
decision. Some speakers reported that their governments are eager to see an early transfer
of radiation processing from the research laboratories to the food industry, while others men-
tioned continued reluctance of their governments, based more on the fear of adverse public
reactions than on real concerns about the safety of irradiated foods.



One speaker suggested that the name "food irradiation" should be replaced with something
both more accurate and less onerous and he suggested the term "picowave processing". Most par-
ticipants felt that this proposal required further discussion and evaluation by competent
bodies.

Several speakers demanded that no exaggerated claims be made for irradiated foods. On
the other hand, the need for strict quality control was stressed and it was demanded that
improper, unknowledgeable, shoddy use of this technology must not be tolerated. In the words
of another speaker, "For the public, an occasional failure will mean much more than a wealth of
successful experience.

II. Treatment of Fishery Products
(Chairman: M. Sasajima — Japan)

Four presentations on irradiation of dried fishery products were given. In general, the
moisture content of samples ranged from 6 to 4070 and the salt content from 0 to 11%,.

Dr. M. Ahmed, Head of the Institute of Food and Radiation Biology, Bangladesh Atomic
Energy Commission, Dacca reported the time temperature tolerance and packaging of irradiated
sun-dried mackerel having moisture content of approximately 20%. Phychrotrophic bacteria were
comparatively more resistant to radiation than mesophiles. Salmonella was not found in any
sample, either irradiated or control. Several types of packages such as reusable tin container,
gunny sacks lined with polythene and carton boxes, were evaluated. Reusable tin containers
appeared to be the best packaging material for irradiated dried fish from the points of view of
resistance against insect penetration as well as acceptability to the trade in Bangladesh.

Ms. G. Guevara, Chief of the Fish Utilization Division of the Bureau of Fisheries and
Aquatic Resources, Manila, presented a report on the effect of radurization dose on the shelf-
life of semi-dried mackerel (9-11% salt and 30-40% moisture contents) at semi-pilot scale.
Samples were irradiated with 3.25 kGy and stored under commercial conditions either at ambient
temperature of 30°C or in a cold room at 2°C. From the results of calculated velocity of
deterioration of salted and semi-dried fish, it was found that the deterioration rate of
unirradiated samples was faster than that of irradiated ones when stored at ambient temper-
atures. However, no significant difference on the deterioration rate was observed when both
samples were stored at low temperatures.

Mrs. M. Maha of the Centre for Application of Isotopes and Radiation, Jakarta, presented
a report on bulk packaging studies of irradiated dried fish. She reported that woven polypro-
pylene bags lined with low density polyethylene film of 0.1 mm thickness as well as carton
boxes are suitable for bulk packaging of dried fish. Irradiation with doses up to 10 kGy had
no significant effect on physical strength of the packages. However, carton boxes were found
to be more suitable for use in large scale irradiation of dried fish not only because of its
physical strength, but also because of the better dose uniformity.

Dr. P. Vibulsresth of the Department of Food Sciences, Kasetsart University, Bangkok,
reported on the effect of irradiation in improving hygiene and quality of dried shrimp which



had salt and moisture contents of approximately 5% and 17—19%, respectively. Samples of
cooked and sun—dried shrimp were packaged in polyethylene bags, irradiated with doses from
0 to 3 kGy and stored at ambient temperatures. Irradiation at 3 kGy reduced the bacterial
count to only 10—100 cells per gramme. Non—irradiated samples began to produce strong ammon—
iacal odours after 2 to 3 weeks of storage. Both Salmonella and coliform bacteria were not
detected in all samples.

With reference to the above presentations, a suggestion was made to avoid mould growth
in packages of irradiated dried fishery products either by:

(a) applying potassium sorbate to the samples at pH 6.0 or below, or
(b) removing oxygen in the package by using an oxygen absorbant.

The second procedure is widely practiced to prevent mould growth in packages of dried fishery
products in Japan.

Ill. Preservation of Root Crops
(Chairman: P. Thomas - India)

Six papers were presented at this session, of which three were concerning pilot scale
studies on technological feasibility and economic evaluation of irradiation for extending the
storage of onions under the existing commercial storage conditions and the remaining three
papers dealt with aspects related to the identification, respiratory metabolism and dosimetry
of potatoes irradiated with electrons.

The reports from Korea, the Philippines and Bangladesh brought out the wide differences
existing in the post-harvest handling and storage of onions in these countries. This emphasizes
the need for carrying out research and development work independently in each country to eval-
uate the efficacy of irradiation under their respective conditions. The work from Korea indi-
cated that pre-harvest spraying with maleic hydrazide (MH) did not show any beneficial effects
while a combination of irradiation and storage in modified pits at natural low temperatures
(2 - 20 C) improved the shelf-life. This method seems to be commercially feasible and cheaper
than cold storage. Similarly, studies from the Philippines show that irradiation improved the
storage performance of onions under refrigeration and also the post-refrigeration shelf-life at
ambient temperatures during marketing. Similar effect was reported in the case of garlic. The
preliminary results reported from Bangladesh with shallots ( a small variety of onion) under
ambient storage conditions do not seem to indicate any advantage of irradiation for reducing
the losses during the initial few months of storage. However, it was pointed out by the speaker
that sprouting of stored onions in Bangladesh normally occurs from November onwards and it is
expected that irradiated onions would store better in the ensuing months.

During the discussion it was pointed out that 10 Krad (100 Gy) was the minimum dose
required for effective sprout control in varieties grown in certain countries of the region.
The possibility of using doses lower than 6 Krad was suggested for reducing the higher rate of
spoilage observed in the Bangladesh experiments. Though it is advantageous, in tropical coun-
tries, to store irradiated onions at cooler temperatures using mechanical refrigeration, the
consensus was that, as far as possible, the objective of irradiation should be to improve the
storage of onions under ambient temperatures, if that is the commercial storage practice fol-
lowed in the country. Darkening of the inner buds does not appear to be a serious problem.



The studies in Japan have shown that impedance measurements by puncturing the potatoes
with steel electrodes through which alternating current is passed at a specific frequency offer
a reliable practical index for the identification of irradiated potatoes. It appears the
method described is specific and independent of the influences due to variety or storage tem-
perature. However, it was felt by many participants that this aspect must be studied in much
greater detail.

Biochemical evidence based on oxidative capacity of isolated mitochondria from irrad-
iated potatoes indicates that the transient increase in the respiratory metabolism in irrad-
iated potatoes is due to the operation of the cyanide resistant electron transport pathway.
Also the increased release of potassium from tissue disks of irradiated potatoes indicates
radiation induced cellular damage even at dose levels used for sprout inhibition. It was recom-
mended that only well matured and healthy tubers should be used for irradiation treatment.

The possibility of using surface irradiation by electron beam for sprout inhibition of
potatoes and the development of a rotating roller on which the potatoes move, for uniform irrad-
iation was reported by Japanese workers. They also reported the development of an agar colour
dosimeter, which could be coated over the tuber material, to monitor dose uniformity in the
irradiated potatoes. The concept of electron irradiation seems to have potential application,
as surface irradiation may reduce the tendency for after—cooking darkening of certain potato
varieties induced by gamma irradiation. However, it was felt that further work should be under-
taken to evaluate the storage rot in electron beam irradiated potatoes since the movement of the
potatoes on the rollers may lead to external bruises and skin damage.

IV. Improving Hygienic Conditions of Food
(Chairman: H. lizuka — Japan)

Most papers dealt with improving hygienic conditions of spices and meat products.

Dr. H. Ito of Takasaki Radiation Chemistry Research Establishment, Takasaki, Japan,
reported on the effect of packaging films for prevention of slime formation on irradiated
Vienna sausages. Normally, commercial Vienna sausages spoil due to slime formation or putre-
fication af'ter only 2-3 days of storage at 10 C. In this investigation, Vienna sausages were
specially prepared without any chemical preservative. Normal microflora such as Lactobacillus,
Streptococcus, Micrococcus, Moraxela-Acinetobacter, Bacillus, Serratia, Corynebacterium and
other yeasts were prominant at 10 C. Irradiation at 3-5 kGy reduced microflora of Vienna
sausages to Moraxel la-Ac inetobacter and yeasts. Sliirre production of the irradiated specially
made Vienna sausages stored at 10 C was prevented largely by packing the product in a nitrogen
atmosphere in a package of oxygen unpermeable films such as vinylidene chlorideacrylonitride
copolymer coated cellophate (K-cellophane) and ethylenevinylalcohol copolymer/polypropylene/
polyethylene laminated film (EG-Q) and cellophane-polyethylene. No change in organoleptic
properties of Vienna sausages packaged in nitrogen in cellophane-polyethylene bags and irrad-
iated with 5 kGy was observed. The presence of oxygen in the bags during irradiation markedly
influenced the organoleptic properties.
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Dr. K. Theivendirarajah, Chairman, Department of Botany, University of Jaffna, Jaffna,
Sri Lanka, reported the assessment of spoilage of mangoes, dried fish and spices preparatory
to irradiation treatment. Phomosis maniferae, Ahmad, Botryodiplodia theobromae Pat., and
Hendersonula toruloidea Nattrass were found to be commonly associated with spoilage of mangoes
in Sri Lanka. Hot water dip at 55 C for 5 or 10 minutes reduced the incidence of spoilage of
some but not all varieties of mangoes studied. Experiments on the levels of bacterial and
mould contamination of dried fish and common spices in Sri Lanka such as clove, cinnamon, car-
damom, nutmeg, mace and ginger are in progress. Standard methods of bacteriological determin-
ations will be used in future studies.

Mr. T.S. Saputra of the Center for Application of Isotopes and Radiation, Jakarta,
reported the results of work on gamma irradiation of spices such as nutmet, mace, black and
white pepper. These spices have moisture contents ranging from 7 to 16% and are heavily con-
taminated by microorganisms and insects. Irradiation with a dose of 5 kGy reduced the bacterial
load of the spices as much as 2-4 log cycles and mould and yeast counts by 1-3 log cycles.
Microbial reduction by irradiation was found to be higher in spices having higher moisture con-
tents than in those having lower moisture contents. Irradiation with doses up to 7.5 kGy did
not signficantly affect the flavour and odour of the spices.

Mrs. S. Ishak of the Faculty of Science, National University of Malaysia, Kuala Lumpur,
reported the effect of gamma radiation on volatile components and sensory quality of black and
white pepper in Malaysia. The radiation doses used were 2, 4, 6, 8 and 9 kGy. It was found
that piperettine content of both black and white pepper was not affected by irradiation.
Piperine content of black pepper did not change, while it increased slightly in white pepper
after irradiation. The changes in volatile constituents and piperine contents of white pepper
did not affect the sensory quality of the pepper.

A summary of discussions in this session suggested that oxygen should be removed from
foods exposed to ionizing radiation to minimize the effect of irradiation induced off-flavour,
undesirable colour changes, textural and nutritional losses. Certain non-spore forming bac-
teria such as Moraxella-Acinetobacter and viruses are more radiation resistant than spores of
Clostridium botulinum. Thermal injury of these microorganisms during inactivation of enzymes
in meat products would reduce radiation resistance of Moraxella-Acinetobacter group in the
product.

V. Insect Disinfestation of Fruits
(Chairman: A.K. Burditt, Jr. - U.S.A.)

Five papers were presented in this session.

Dr. A.K. Burditt, Laboratory Director, USDA, Yakima, Washington, U.S.A., discussed the
use of food irradiation as a quarantine treatment of fruits. He reviewed the background on the
need for quarantine treatments and how they are developed. Proposed treatments must be effec-
tive, not injure fruit, and not leave residues in fruit. He described research in Hawaii on
fruit flies that showed exposure of eggs and larvae to 10 krad would reduce, but not prevent
hatch of eggs and pupation of larvae. However, 10 krad from their cobalt source did prevent
adult emergence. Research in Mexico, Australia, Italy and elsewhere gave similar results.

11



Recent research in Florida has shown some injury. However, this may have been the result of
excessive handling of the fruit in combination with the irradiation treatment. The Food and
Drug Administration Bureau of Food has recommended doses of 100 krad or less be considered
wholesome and safe for human consumption. Research needs are: to determine if there are
adverse effects of irradiation on commodities, to design suitable irradiators, to conduct ship-
ping and storage tests on irradiate^d fruit and to conduct dosage mortality tests under commer-
cial operations.

The next speaker was Dr. C.J. Rigney, Gosford Horticultural Research Laboratory, New
South Wales Department of Agriculture, Australia. He discussed their research on disinfestation
of fruit against Queensland fruit fly by gamma irradiation. They have considered several other
alternatives to ethylene dibromide fumigation, none of which were found to be practical. He
reported on their recent research on storage in an atmosphere of nitrogen which was not effec-
tive against fruit fly larvae and electromagnetic energy which was phytotoxic or not effective.
Their research on gamma irradiation showed that when infested oranges were irradiated, no adults
emerged following doses of 75 or 100 Gy. Additional work is underway on the cost of such treat-
ment and obtaining sufficient data fer quarantine efficacy.

The third speaker was Mrs. Dara Buangsuwon, Chief of Seed and Post Harvest Pathology
Branch, Department of Agriculture, Thailand. She spoke on the effect of storage life and qual-
ity of irradiated mangoes. Her group did not have enough fruit flies for disinfestation studies
at this time. They investigated the effects of hot water dips, irradiation, and combination
treatments on disease eontrol. The combination treatment was more effective in reducing disease
than either treatment alone. Treatment at 75 krad was more effective than the lower dose in
disease control and delay of ripening of mangoes.

The next paper was presented by Dr. J.A. Manalo of the Philippine Women's University,
Manila. She reported on integrated studies of irradiated Philippine mangoes. They have begun
tests on treatment of Carabao mangoes at 70 krad to reduce spoilage in transport and spoilage.
Adverse weather limited their test. Preliminary results showed that irradiation alone or with a
hot water dip delayed disease and ripening but did not control disease.

The final paper in this session was by Dr. I. Khan of the Nuclear Institute for Food and
Agriculture, Tarnab, Peshawar, Pakistan. Dr. Khan reported on radiation preservation of dried
fruits in Pakistan. They reported that treatment of 100 krad eliminated insect infestations in
eight different dried fruits that they tested. Treatment at 25 or 50 krad reduced the infesta-
tion at 2 or 4 months but did not eliminate all of the species of insects. Irradiation reduced
the ascorbic acid content but did not affect other physical or chemical characteristics of the
dried fruit. A suggestion was made that a decline in ascorbic acid was not necessarily of
physiological importance because dehydro—ascorbic acid which is formed upon irradiation still
has vitamin C activity. One should therefore determine total vitamin C as well as ascorbic
acid.

There may be a need for combination hot water - irradiation treatments to both disinfest
and disinfect fruit from both insects and diseases at the same time. The purpose of the treat-
ment should be considered. Also, there is a need to consider if cold storage would be required
or not for irradiated fruit. Incorporation of fungicides in the hot water dip should also be
evaluated.
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VI. Commercial Consideration of Food Irradiation
(Chairman: J.W. Harlan - U.S.A.)

Four papers were presented in this session which brought out the complexities of eco-
nomics which must be considered before food irradiation can be considered commercially.

Dr. W.M. Urbain, Professor Emeritus, Department of Food Science and Technology, Michigan
State University, East Lansing, Michigan, U.S.A., emphasized that because of the high initial
capital cost of the process (including construction of a special building and provision of
costly radiation sources), an economical process should attempt to operate the radiation sources
especially radionuclide sources, as many hours a year as possible. It needs to be big enough to
handle peak seasonal requirements but not so large that it sits idle for long periods.

Thus, it is generally desirable to plan a facility for multipurpose use. This can best
be realized when several crops which require similar levels of irradiation dose but reach
maturity at different times can be brought to the irradiator. Since identified uses require
a range of dosage from 5 krad to 500 krad or even (for sterilization) up to 5,000 krad, not all
uses can be accommodated on a practical basis in the same plant unless this capability is delib-
erately built in. If many different products are irradiated or both non—food and food uses are
planned, cross contamination problems must also be considered. Others commented that they had
encountered problems of efficient multipurpose use in experimental irradiators. Package sizes
and thickness were noted to be important in efficiency and ability to lower maximum to minimum
dosages received on irradiation.

It was suggested that design of a standard, multipurpose food irradiation facility, par-
ticularly for developing countries was a need that should be considered and addressed by IAEA.

The availability, cost and selection criteria for radioisotope sources was raised in
questions. Worldwide availability and costs of radionuclide sources are uncertain now. Par-
ticipants were glad to hear from Dr. J. Sivinski, formerly of Sandia National Laboratories, New

137Mexico, that the U.S. Department of Energy planned to make 150 million curies of Cs in stor-
age available to the world market in a form suitable to use in food irradiation as part of a new
programme which would include economics of design and public education in regard to the food
irradiation process, and that processes were available to recover Cs and other radioisotopes
from nuclear reactors which would provide continuing availability.

Dr. P. Thomas of BARC, Bombay, discussed large scale tests which indicate good potential
for practical use of irradiation to inhibit sprouting of onions and potatoes in India. He also
pointed out that problems of brown spotting in irradiated onions and darkening of potatoes
would require careful control of product selection for onions and post irradiation storage con-
ditions (for potatoes) as well as a test of consumer acceptance.

The importance of the recommendations of the Codex Alimentarius Commission concerning
food irradiation to the food regulations being developed in Jordan (where rapid studies are
taking place in improving food quality and sanitation) was emphasized by Dr. M. Shawa from the
Ministry of Health, Jordan. Dr. Shawa told the conference he would recommend rapid adoption of
these recommendations in Jordan after this meeting.
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Dr. L. Ladomery, a food standards officer at FAO, reported the revised Codex Standard
for Irradiated Foods which has now been distributed to all member countries of the Commission,
and emphasized the importance of timely contact by scientists and process developers with
national Codex representatives to assure they were fully informed of scientific facts and com-
mercial views. In response to questions, he felt that open discussion and approval was desir-
able for a stable trade in irradiated foods. He felt that final recommendations could not be
achieved before 1983 and then only if national representatives to the meeting of the Codex
Committee on Food Additives in March 1982 were persuaded to recommend adoption of the revised
Standard without further discussion.

VII. Round Table Discussion
(Chairman: W.M. Urbain - U.S.A.)

Most of the discussion in this session was devoted to action plans to accelerate prac-
tical application of food irradiation in Asia and the Pacific region. Participants were aware
of the important developments in this field such as the recommendation on unconditional accept-
ance of all food commodity treated with radiation up to an overall average dose of 10 kGy by the
1980 Joint FAO/IAEA/WHO Expert Committee on the Wholesomeness of Irradiated Food (JECFI), the
revised Codex Standard to accommodate the recommendations of the 1980 JECFI, the proposed US FDA
policy to approve all irradiated food items treated with radiation at 1 kGy or less for human
consumption, etc., which were clearly presented at the seminar. With the exception of the com-
mercial activity on irradiation of potatoes in Japan, other activities in the region are very
much confined to research and development either at laboratory or at pilot-scale level. The
following discussions with a view to accelerating the practical application in the region were
made:

1. Clearance of food irradiation as a process
At present, 23 Governments all over the world have regulations of one kind or another

governing production and sale of irradiated foods on an individual basis. In Asia and the
Pacific region, only Australia, Japan, the Philippines and Thailand have regulations on food
irradiation which permit only a few food items for human consumption. It was felt that the
recommendations of the 1980 JECFI and the revised Codex Standard would provide the necessary
guidelines for Governments in this region to follow on clearance of food irradiation as a pro-
cess at least up to an overall average dose of 10 kGy. A good example of such clearance has
been proposed by the US FDA. The participants agreed that the impact of the FDA clearance,
when it becomes effective, could be felt worldwide and would facilitate practical application in
this field in most countries.

It was pointed out that one way to promote practical application of this technology is
for Governments to take legal provisions to permit the entry and sale of irradiated food even
though the actual application of the process does not exist in the country. Such steps in
advanced countries to permit entry of irradiated commodities from developing countries would be
a concrete means for the latter to stimulate the establishment of this technology. It is recog-
nised that food irradiation processing would enable developing countries to reduce food losses
substantially and thereby enable them to export surplus food of good quality and safe food pro-
ducts to advanced countries.
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2. Consumer attitude and public education concerning food irradiation
It has often been mentioned that the consumer would be afraid to accept products pro-

cessed by radiation especially when it comes to food. Indeed, it would be naive to expect that
the consumer would accept food treated by radiation without negative attitudes especially when
labelling such as "irradiated" or "treated by radiation" is required. The word "radiation" or
"irradiation" may be a major cause of such anxiety. Radiation or irradiation probably is
neither a correct nor accurate terminology to associate with the treatment of food regardless
of the consumer's attitude. Radiation covers a wide range of the spectrum of electromagnetic
radiation of wavelengths ranging from the shortest type of cosmic rays to the longest radio
waves. This spectrum includes all of the radio, TV, FM, AM, shortwaves, visible light, X-rays,
gamma rays, infrared, ultraviolet, microwave, cosmic radiation, many of which are within the
solar radiation spectrum. Radiation also covers particles such as electron and neutron which
could induce radioactivity in matter.

There is a large degree of psychology involved in consumer's acceptance of a new tech-
nology or even a new product. In fact, consumers have accepted several types of radiation as
essential elements of life either without knowing that they are radiation or take it for granted
that they are not radiation. A good example of such treatment is sun-drying of food which would
automatically expose food to UV radiation. Consumers already accepted an even more sophisti-
cated type of radiation such as microwave for treating food although the word "radiation" has
never been associated with the treatment. A company in California has already proposed the
terminology "Picowave Processing" as a substitute for food irradiation. The idea is to use the

-12word "Pico" (10 metre) plus wave instead of gamma rays and X-rays which have a wavelength of
—10 —15approximately 10 to 10 metres for treatment of food similar to microwave treatment which

is acceptable to the consumer. Unfortunately, the Picowave process does not cover electrons
which can be used to treat food for the same objectives as gamma rays and X—rays.

No concensus was reached at the seminar whether the name "food irradiation" should be
changed to "Picowave process" or whether it should be changed at all. The Agency was therefore
requested to appoint a group of experts including marketing specialists to evaluate the termin-
ology of this process which would facilitate acceptance by the consumer.

It was felt that public education would influence positively the attitude of consumers
to accept foods treated by irradiation. An assessment of the consumers' attitude should there-
fore be carried out at an appropriate stage in the introduction of the technology into practice.
It was pointed out that the Agency has an important role in this respect as it could provide
guidelines to be followed by interested Member States. An example of this is to arrange a
documentary film which shows various benefits of the process to the public and governmental
officials.

3. Promising applications in the region
Among many applications of food irradiation, the following appear to be the most pro-

mising in the region:

(a) Quarantine treatment of fruits
Most countries in Asia and the Pacific produce large quantities of tropical and sub-

tropical fruits. The distribution of these fruits in international trade is seriously hampered
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by the infestation of fruit flies such as Oriental (Dacus dorsalis), Mediterranean (Ceratitis
capitata), Melon (Dacus cucurbitae), Queensland (Dacus tryoni), etc., as well as other insect
pests. Several countries which are free from these insect pests have imposed strict plant
quarantine laws defining the conditions under which produce may be imported. In some countries
where infestation of fruit flies is localized in certain areas, similar plant quarantine laws
also apply for interstate or interprovince shipments of fruits and vegetables. Such laws
require disinfestation of the produce before importation is permitted. The laws are considered
to be particularly important when expansion of large quantities of tropical fruit is being
sought by many developing countries.

Presently, most fruits and vegetables which require quarantine treatment are fumigated
by ethylene dibromide (EDB). However, the practice of fumigation by EDB is now being ques-
tioned by health authorities in terms of its safety to the personnel involved as well as the
residue on the commodity. Recently, the US Environmental Protection Agency has considered
action to restrict use of EDB as a fumigant for quarantine purposes, possibly by July 1983.

In view of the possible ban on the use of EDB as a fumigant of fruits and in view of the
positive attitude of the US FDA in allowing all food treated by ionizing energy at doses below
1 kGy for human consumption in the near future, active research and development programmes on
the use of ionizing radiation to overcome quarantine barriers are being conducted in several
countries, such as the USA, Australia, the Philippines and Thailand. Most of these countries
are exporting various quantities of tropical and subtropical fruits to Japan, which demands a
quarantine treatment., The recent outbreaks of Mediterranean fruit fly in California have added
impetus to research in this field. Although it appears highly feasible to use ionizing energy
as a quarantine treatment of fruits, further research is still needed to determine phytotoxi—
city of treated fruits, transportation trials to determine the efficacy and economics of the
treatment, design of a commercial facility which could process commercial sized loads with
fairly uniform dose, etc.

Countries in Asia and the Pacific will benefit immensely from this treatment which could
overcome the existing quarantine barriers as well as assist in expanding the trade of large
volumes of tropical and subtropical fruits. Irradiation at a slightly higher dose than that
required for quarantine treatment, together with refrigerated storage may have an added effect
in delaying senescence of certain types of fruits, which could reduce the pressure on air trans-
portation significantly.

(b) Sanitizing spices

Several countries in Asia, notably Indonesia, Malaysia and India are the world leading
producers and exporters of spices. Spices which are exported in sizeable quantities include
black pepper, white pepper, nutmeg, coriander, cassia bark, maces, etc. There appears to be an
increasing trend of importing spices in Western countries such as the USA, Canada, ECD, Japan
and Switzerland in recent years. Significant amounts of imported spices are used in processed
food industries and products such as meat packing, soup manufacturing, pizza mixes, prepared
sauces, etc. Unfortunately, most spices originating in tropical countries are heavily contam-
inated by microorganisms and insects. Such contamination often leads to detention or condem-
nation of certain shipments by the health authorities in Western countries. Pathogenic bac-
teria and toxigenic moulds such as Aspergillus flavus are found occasionally in imported spices.
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Moreover, heavily contaminated spices cause serious problems both in terms of quality and
value of processed food. An effective method for sanitizing spices is of considerable interest
to the food industry.

Traditionally, spices are decontaminated by fumigating with ethylene oxide or propylene
oxide. The effectiveness of the treatment depends on the environmental factors such as tem-
perature and humidity. The more commonly used ethylene oxide (EO) is known to be toxic to man.

The results obtained in several countries as well as the possible markets for exported
spices treated by irradiation have activated the interest of the spice industry in Indonesia
and Malaysia to cooperate in future research work. Transportation trials of spices treated by
ionizing energy from South East Asian countries to Europe and the USA are planned.

(c) Fishery products

The average annual catch of fish in Asia and the Pacific region in the past three years
amounts to 25 million tons, which is approximately 4070 of the world total. The most common
methods of fish preservation in the region are drying, salting, smoking and fermentation. The
production of dried, salted and smoked fish in the region in 1979 was 1.7 million tons (weight
of finished products). Most of these products are consumed locally with only small quantities
entering international trade.

Many studies have been carried out in the region on the use of ionizing energy to pre-
serve fresh and processed fish. Recently, the studies have been more confined to the use of
ionizing energy to preserve dried and cured fishery products and to eliminate pathogenic micro-
organisms in certain frozen products as they serve the immediate need in commercial practice.

In addition, ionizing energy could destroy certain pathogenic bacteria such as Salmonella
and Vibrio parahaemolyticus in frozen seafood in the frozen form. The latter application
should be valuable to developing countries in Asia and the Pacific region which export large
quantities of frozen seafood and frog legs to Western countries. In fact, several countries in
this region are unable to export certain types of frozen seafood to the USA because of the fre-
quent contamination by Salmonella.

(d) Sprout inhibition of onions

Large quantities of onions are produced in several countries in the region. Results of
work conducted in these countries have shown that irradiation is more effective than other
treatments for sprout inhibition of onions. In some countries where facilities for storing
onions in a cool environment exist, irradiated onions could be stored for several months in
good condition. For example, results obtained in India showed that irradiation reduced losses
of onions even under ambient conditions. A large scale experiment is presently going on in
collaboration with the National Agricultural Cooperative Marketing Federation which is the
responsible agency for export as well as internal trade of onions in India. Similar results
were obtained in Korea with the use of a natural cool storage facility having a temperature
range of 2-20 C all year round. A proposal to build a multipurpose irradiator to treat pota-
toes, onions and chestnuts on a commercial basis has been submitted to the Korean Government
for consideration.
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Commercial feasibility of irradiated onions has been demonstrated in Thailand between
1973 and 1974 when approximately 800 tons of onions were irradiated and kept in cool storage
at 10 - 2 C for six months. The treated onions were marketed successfully at that time.

4. Roles of government agencies

There is an urgent need to coordinate activities among government agencies which are
responsible for various aspects of processing and sale of food treated by ionizing energy.
Such coordination is necessary not only for introducing the technology into commercial prac-
tice, but also would remove existing or unforeseen obstacles. An excellent example exists in
Japan where such coordination led to a commercial application of irradiated potatoes treated
by a plant in Hokkaido as well as overcame resistance to the sale of the treated products
originated by certain segments of the consumer population. Interested industries could also
provide information to the public as well as promoting the use of this technology.

5. Roles of international organizations

FAO, IAEA and WHO have a role to play in providing technical information and services on
the basis of which Governments could take appropriate actions. The role of international
organizations in promoting this technology is more urgently needed now than ever in view of the
recent developments in this field such as the recommendation of the 1980 JECFI, actions being
taken by the Codex Alimentarius Commission, forthcoming clearance of all food treated by ion-
izing energy up to a certain level in the USA, the interest of industries and the positive
results obtained from research in developing countries.

5. Recommendations

(a) FAO and IAEA should increase their efforts in strengthening activities in the field of
food irradiation as this technology is gaining wider acceptance as a method of food preserva-
tion and is of direct benefit to developing countries in combatting post-harvest losses of food
and increasing their export potentials for good quality and safe food products.

(b) FAO and IAEA should promote in particular the technology transfer of food irradiation to
developing countries by providing necessary information and publications to Government bodies,
food industries and the general public on the benefits of this technology.

(c) FAO and IAEA should take steps to promote the acceptance of this technology by Govern-
ments and also the acceptance of irradiated foods in trade.

(d) It is recognized that regional and international undertakings in the field of food
irradiation sponsored or coordinated by FAO and IAEA such as the International Project in the
Field of Food Irradiation (IFIP), Karlsruhe, F.R.G., International Facility for Food Irradia-
tion Technology (IFFIT), Wageningen, the Netherlands and the Asian Regional Cooperative Pro-
ject on Food Irradiation (RPFI), a coordinated research programme of the Joint FAO/IAEA Divi-
sion have made significant contributions to the acceptance of food irradiation processes and
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have facilitated practical applications of this technology in many countries. FAO and IAEA
should- promote further international collaboration in this field in order to accelerate wider
application of this technology.

(e) FAO and IAEA should provide additional training opportunities for scientists from devel-
oping countries to receive advanced training in food irradiation either at IFFIT, Wageningen,
or in countries which have advanced technology in this field.

(f) FAO and IAEA should sponsor seminars on food irradiation in different regions as in the
case of this successfully concluded seminar for Asia and the Pacific region. It was considered
that seminars of this kind would lead to strengthening the cooperation of countries in different
regions which have similar problems in food preservation. Every effort should be made to ensure
participation of representatives of food and radiation industries in such seminars.

VIII. Conclusions

The FAO/IAEA Seminar on Food Irradiation for Developing Countries in Asia and the Pacific
provided an excellent forum for bringing scientists and officials from countries in the region up
to date on various developments in food irradiation. The participants from the region could
exchange views among themselves as well as with the invited lecturers from outside the region.
The participation of representatives from radiation and food industries had strengthened the
value of the Seminar, especially in terms of practical application of the technology. It was
suggested that similar seminars should be organized in other regions in the future in order to
bring scientists and officials worldwide up to date on rapid developments in food irradiation.

In short, the conclusions of the Seminar may be summarized by statements of one of the
participants: "Today, many people in the United States, as well as elsewhere in the world, are
optimistic that in the 1980's we will at last, after more than 35 years of research and evalua-
tion, have the additional tool of irradiation treatment available to use along with current
methods to fight starvation, hunger and economic loss. If this expectation is realized, a great
deal of the credit must go to the Joint FAO/IAEA Division of Isotope and Radiation Applications
for Food and Agricultural Development, whose many activities, including their organization and
sponsorship of meetings like this current one, have brought together scientists from many coun-
tries to share the results of their research and progress in addressing technical problems in
their respective countries and to jointly identify critical areas for future research."
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Institute of Biophysics,
University of Hannover,
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INTRODUCTION

After more than 30 years of intensive research on irradiated food
an enormous amount of information has been accumulated as well as
evidence that food irradiated under controlled and reasonable condi-
tions is wholesome and nutritive besides being free from micro-
biological and toxicological effects. Meanwhile this has been recog-
nized by international institutions at the UN-level and the recom-
mendations of the joint FAO/IAEA/WHO Expert Committees in 1976 and
1980 are an important achievement.
Nevertheless it would be naive to believe that no problems of

acceptance might come up on this basis if irradiated food were pre-
sented on the market in the near future. On the contrary broad and
mostly emotional discussions have to be expected by the public, in
the media and even between governmental authorities who feel that
they are to be involved and that they might be competent. The dimen-
sions of these discussions can be estimated from the experience
gained at the worldwide debates on Nuclear Energy and it might be
useful to learn from these debates.

If is of little help to claim that the situation for irradiated
food is quite different from that of Nuclear Energy. There are inhe-
rent dangers in Nuclear Energy though they are mostly lower than
those caused by other industrial facilities. Food irradiation has
no such inherent dangers as the food items are not altered by irra-
diation in any way that could become dangerous to man.

The mere fact that man - throughout the world - is extremely
sensitive on all matters concerning the food he is going to con-
sume will draw the highest attention to this process as soon
as it will come to a broader application. Discussions will come
up not only on matters of wholesomeness, but also on the techni-
cal reliability of the process, the economic feasibility and
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the legal aspects. These discussions might be of different character
between developed countries (DC-S) and developing countries (LDC-S).
They might even be more different among the various categories of
LDC-S according to their stage of development.

In this paper we shall try to consider the various factors
impeding the practical application of Food Irradiation in LDC-S
in some systematic order and to find some ways and means of how
the problems involved might be overcome. They are essentially of
four types:

A) Technical problems
B) Economic problems
C) Legal problems
D) Psychological problems

Item B) will be omitted here as it is the subject of another
paper at this Seminar.

TECHNICAL PROBLEMS

These problems will be of little importance in DC-S, but they
will be more difficult to overcome in LDC-S, especially in the least
developed countries which will just need food preservation more than
others, as food losses due to spoilage during storage are the highest
there, sometimes exceeding 50%. Greatest attention should therefore
be given to this aspect. As in the case of Nuclear Energy occasional
failures will count more than an overwhelming majority of successful
processing.

The main technical problems to be solved are the following:
1. The appropriate choice of the radiation source. Though machine

sources (Accelerators) are often superior to isotopic ones from an
economic point of view, the maintenance problems will be higher.
Attention should be paid to some new developments in Europe using
X-ray machines for Food Irradiation which are now rather stable
and easy to control. The decision if stationary or movable sources
have to be preferred will depend on the special situation in the
country depending on how storage of the products to be irradiated
will be handled. In general, a stationary source will be easier
for maintainance. It will also not be subject to adequate road
systems.

2. If a machine source is used, control of maximum energy as
prescribed by the Joint Expert Committee (1, 2) is of utmost impor-
tance. Even the slightest amount of radioactivity induced in any
food item would cause enormous trouble. From this point of view
also isotopic sources and X-ray machines would be preferable in
less developed countries.
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3. The control of radiation dose is of course the most critical
factor in food irradiation. Though this can be secured by a number
of automatic regulations the availability of a well trained and ex-
perienced specialist during any irradiation procedure is indispensable.
Regular checks must be made on the homogeneity of the radiation field
to avoid too much deviation from the average dose as mentioned again
by the Joint Expert Committee (1,2). It will be difficult in many
LDC-S to get "appropriate" national authorities for supervision of
proper dose control. Support by IAEA within its international dose
standardization and inter-comparison programme will be needed.

4. Radiation shielding has to be provided at a highly reliable
degree independent of which source will be used. Here again a specia-
list in the field of radiation protection must be available. LDC-S
which do not have any regulations on radiation protection should
strictly follow the recommendations of ICRP.

5. Control of the environmental conditions during irradiation
will be even more difficult in many LDC-S., especially in tropical
countries. Temperature should not exceed values as prescribed for
the specific food item. Therefore airconditioning should be provided
for besides sufficient ventilation.

6. The most critical point will be proper pre- and posttreat-
ment of the irradiated food. Food irradiation should be performed
only with products which are fresh, undamaged and of good quality.
Therefore selection of the material to be preserved by irradiation
demands a high degree of responsibility. Any lack of care and con-
trol can lead to bad results. It is well known that especially fruits
and vegetables which are damaged tend to rot and this tendency will be
increased by radiation treatment. As most preparatory work on food
items will be done by hand in LDC-S damage could easily be avoided
and pieces of low quality could be eliminated. But careful super-
vision of all workers will be mandatory. Of course the supervisors
have not to be specialists in Food Irradiation. Proper packing can
be achieved if the prescriptions of the Codex Alimentarius Standard
are followed. Finally storage has to be adequate and the necessary
facilities have to be provided for.

In summary, all the technical factors impeding practical appli-
cation of Food Irradiation in LDC-S can be eliminated if national
experts of good training and experience and additional foreign
advisers are available depending of course on the stage of
development of the LDC.

LEGAL PROBLEMS

Legal problems of Food Irradiation have been discussed up to
now preferably with respect to DC-S. It would be reasonable to
expect, that these problems might be less impeding and less compli-
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cated in LDC-S which apparently are more in need to make use of this
new technology. But reasonable thinking is not always realistic.

As a matter of fact many LDC-S have already elaborate governmental
institutions dealing with food hygiene and food quality. The most
impeding factor here is that these authorities prefer to rely on
scientific results obtained in their own national laboratories. These
laboratories - though sometimes well experienced in conventional mat-
ters of nutrition science - may lack the special knowledge related
to the testing of irradiated food. Even in a country of the high
scientific standards as India incorrect and inadequate methods applied
to wholesomeness control of irradiated food has caused tremendous
trouble. In this case the matter could be clarified by the interven-
tion of real high class experts. But there may be many other LDC-S
where such experts are not yet available.

Then there is no other solution than to convince the govern-
ments of LDC-S that they can and have to rely on the findings of
internationally recognized scientific institutions and authori-
ties (like Codex Alimentarius and its attached bodies). This atti-
tude - as clear and natural as it may be for scientists - is extremely
tedious to be attained with administrators. There is also no other
field in which the tremendous diversity of the LDC-S will become more
apparent.

Keeping this in mind the legal problems will arise mainly in
relation to

1. National regulations on licensing any new method of
food treatment,

2. the regulations on labelling of irradiated food.
A third problem which might be added here is

2. the organizational system under which food treatment
can be performed.

We have already dealt with item 1 and can only strengthen the
consequence to lift national regulations to the credit of inter-
national standards and recommendations.

Much has been said on item 2. The sometimes emotional debate
as the fact that irradiation treatment cannot be checked by any
type of measurement in the treated food has more or less come
to an end. It would be a ridiculous attitude to find a problem
for introducing Food Irradiation by the fact that this treatment
does not lead to any measurable effects which can be identified
as a result of radiation treatment. No better argument could be
found in favour of this process.
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Of course irradiated food should be labelled in any country
where this is done and it is indispensable especially if the irra-
diated foods are to be exported. Governmental authorities will be
involved in the process anyway as sources of ionizing radiation can-
not be used without a governmental license. The whole process of
Food Irradiation has to be controlled regularly by governmental
authorities. These authorities might use the advice and support of
international institutions like FAO, IAEA and WHO and especially
the Codex Alimentarius.

The details of labelling should also be elaborated by international
bodies to be uniform throughout the world. Psychological considerations
may play a role in this matter. This will be discussed in the last para-
graph.

Item 3 is again a special problem in the LDC-S. Only few of them
have major organisational systems for marketing. (In this respect the
socialistic countries may be in a better position). Food Irradiation
can be applied only if reasonable amounts of the goods to be processed
are brought together at one place. Control of quality and homogenity
has to be performed then before the treatment. This is very much diffe-
rent from the traditional individualistic way in which marketing of food
commodities takes place in many LDC-S. Here again some psychological re-
sistance of the farmers has to be expected. Nevertheless the government
has to take the necessary regulatory steps to make a reasonable organi-
sational system possible.

Psychological Problems
If we turn to the consideration of those problems which can clearly

be considered as being psychological in their origin we are facing the
real core of all factors hindering practical application of food irra-
dation. Again there will be differences in the mode in which psycholo-
gical factors will be preventive between DC-S and LDC-S and also be-
tween LDC-S at different stages. But the background will be the same
and that means that we can group the psychological factors under the
following headlines:

1. A general distrust of people against new methods of food
treatment.

2. The prevalence of "radiation and nuclear phobia".
3. Doubts on reliability and sufficiency of the scientific

test before commercial introduction of the process.
4. Doubts on proper and reliable performance of processing.

Item 1. has already been preventive in many other cases of inno-
vations on the food market. Of course one could avoid this problem
for some time if labelling of irradiated food would be suspended.
But the application of a new process could never be kept secret, the
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distrust of the public would grow to an immense degree and the trouble
for going on with food irradiation would be tremendous. No
private enterprise could undergo this risk in our era of
general publicity.

One has to demonstrate that Food Irradiation is not different
in principle from well known physical processes used for food pre-
servation and sterilization, but that it has advantages which make
it superior to the conventional methods. This should be explained
in the beginning without considering eventual economic advantages.
Just energy saving might be considered as a good argument.

Since a long time and very often it has been said that something
like measurement of consumer reaction and acceptance "must be an
essential requirement for the introduction and especially the commer-
cialisation of Food Irradiation" (see e.g. 3). As long as this
"measurement" will be performed by large interview surveys of people
it will be very misleading and even dangerous.

Such surveys can be made on other matters like the preference
of the people towards political parties or to different types of
motoo- cars. In these cases there is no neutral and objective evi-
dence on the various factors and aspects involved. But Food Irra-
diation should never be discussed as something that can be accep-
ted or not by reasonable grounds. In so far there is yet a difference
as compared to Nuclear Energy. The small, but undeniable risk of a
major nuclear accident is not exclussively a matter of emotion and
exaggerated fear. People can argue that this risk is not acceptable
to them. As far as consumption of irradiated food is concerned no
comparable argumentation is possible. Of course there will be
innumerable people who strictly refuse to accept any irradiated food.
But it should be made clear that there are no arguments for under-
going any type of risk if this technology is accepted. Refusal of
consumption of irradiated food can only be understood by three
reasons:

a. insufficient information and partial or complete misunder-
standing of the process,

b. religious or dogmatic reasons like those which prevent
people from eating pork or beaf or meat at all,

c. economic reasons as food irradiation might lead to
increase in price.

If it is the case, i.e. if the rejection of irradiated food
is based on a deep conviction, it is hopeless to ask the person
with the intention to convince him. Any question like "Are you
willing to eat irradiated food?" will only strengthen his own
feeling and he will understand this question like a suggestion
to commit a sin.
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But such a question will also irritate people who are going
to refuse irradiated food consumption for reasons like a. and c.
Interviews should therefore be based on question like "What do
you know on Food Irradiation?" and "Would you be willing to spend
somewhat more money for your food items if you get a better quali-
ty by a treatment like Food Irradiation?"

It cannot be made clear enough that any attitude of feeling
some uncertainly by those who wish to introduce Food Irradiation
will not only increase the resistance of the public but also
endanger the reputation of the Codex Alimentarius after this inter-
nationally recognized institution has taken a firm position.

The way how to overcome psychological problems of the type as
mentioned above under 1. is therefore first of all comprehensive,
reasonable and early information on the process of Food Irradiation.

The same holds for 2. as it is a basic misunderstanding to see
any links between Food Irradiation and Nuclear Energy. There are
close links in relation to the medical application of Radiation,
especially with the Radiation Sterilization of medical instruments,
surgical gauze and pharmaceuticals. These processes have proved
their usefulness over the years. Also the long lasting application
of irradiated feed for experimental animals and especially the
sterilization of human diet can be mentioned as arguments in favour
of Food Irradiation.

As far as the problems mentioned above under 3. are concerned
it is interesting that distrust in the reliability of scientific
test methods is now also a phenomenon increasingly observed in
DC-S. Of course the reasons for this distrust are different in LDC-S
and again it will be necessary to provide some understandable infor-
mation on such tests in those countries.

Finally doubts on the reliable performance of the process as
applied in LDC-S may be the most justified arguments. Only if all
aspects discussed in this paper under "Technical problems" are
taken seriously and the conditions outlined there are implemented
these arguments might be overcome.

CONCLUSIONS AND RECOMMENDATIONS
Summarizing, a few recommendations can be given to overcome

the various factors impeding the practical application of Food
Irradiation in Developing Countries.
1. Any LDC introducing Food Irradiation should have an institute
or at least a group of good experts in this field.
2. The Atomic Energy authorities in the LDC's should seek close
contacts and cooperation with all authorities involved in matters
of food treatment.
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3. Large scale information of the public e.g., by hearings and
through the media should be given in due time before presenting
irradiated food at the market.
4. Negotiations with commercial food handlers should take place
to arouse their interest.
5. After establishment of commercial facilities for Food Irra-
dation continuous and careful control by local and, if necessary,
international experts should take place.

The arguments for item 1. and 2. have been given in detail
above. Something should be said on item 3.

The information of the public should start as early as possible.
Any successful achievement in Food Irradiation and any progress
made - especially also in DC-S - should be reported. It should be
pointed out that this is a modern and advanced technology of food
processing, which due to its high investment costs might be intro-
duced in a LDC only somewhat later. But its merits just in LDC-S
-especially energy saving- should presented clearly and distinctly,
of course without exaggeration (a mistake which sometimes has been
made concerning Nuclear Energy). The government should assure the
public that it will take all efforts to make this new technology
available to the people in their own country as early as possible.

A very important part of the public information consists
in giving comparisons between Food Irradiation and other
conventional methods of food preservation, as indicated in
the attached figure. It should be mentioned too that in case
of irradiated food a better guarantee on reliable handling can
be given as e.g., for deep frozen food: as long as the original
package is sealed no reinfestation can take place. In the case
of deep frozen food always a slight uncertainty will remain if
it has been permanently kept at -18°C.

The labelling of packages should not use symbols of radio-
activity (and perhaps also not the yellow colour of the tags
for radioactive contaminated materials). This would be highly
misleading. Labelling should be unobtrusive, but clear containing
all necessary data of the treatment.

Commercialization of Food Irradiation (item 4) will be some-
what difficult in LDC-S., especially in the least developed coun-
tries which need these techniques most. Food which is consumed
there is mostly cheap and bulky but of low calorie type. There-
fore little profit can be made. Main emphasis in these countries
must be given to food items for export.
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If finally all preconditions are fullfilled to introduce Food
Irradiation, but acceptance by the public has not yet been assured,
one could try to find small consumer groups, e.g. at Universities,
who are prepared to enjoy the advantages of irradiated food and
may serve as an example to demonstrate wholesomeness. Irradiated
food for such groups could be provided by smaller pilot plants.

Anybody who is involved in paving the way for practical appli-
cation of Food Irradiation in developing countries should be aware
that he is not acting simply as a pioneer of a new technology,
but that his efforts will contribute to fight against the most
dangerous plague in our world, the plague of hunger and malnu-
trition.
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WHOLESOMENESS OF IRRADIATED FOODS

J.F. DIEHL
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1. Introduction
Opposition to the production and marketing of

irradiated foods is often motivated by the fear
that such foods might be radioactive. However,
much research carried out in the 50's has demon-
strated the absence of induced radioactivity in
foodstuffs treated with ionizing radiation. Theore-
tical considerations show that the energy of radia-
tions used for the treatment of foods (1.3 MeV from
cobalt-6O, O.66 MeV from cesium-137, up to 10 MeV
from electron accelerators) is quite insufficient
to produce measurable radioactivity. What concerned
health authorities much more was the possible loss
of nutritional value and the introduction of micro-
biological and toxicological hazards. Much research
has been carried out on a world-wide scale in order
to evaluate any conceivable risk. A survey carried
out by BARNA [1] in 1979 listed over 1200 studies
on the wholesomeness of irradiated foods - and many
more investigations have been reported since then.
An Expert Committee convened by FAO, IAEA and WHO
in 1964, 1969, 1976 and 198O has reviewed the avail-
able evidence and has published its recommendations
[2,3,4,5], These reports demonstrate how the opinion
of the experts advanced steadily, from a very re-
strictive approach in 1964 to the unconditional
acceptance of all foods irradiated at an overall
average dose of up to 10 kGy in 198O.

2. Nutritional aspects
Like other food-processing techniques, irradiation

results in chemical changes in the food that may al-
ter its nutrient composition. The nature and extent
of these changes depends on the composition of the
food, on the radiation dose and on modifying factors
such as temperature and presence or absence of air.
While some vitamins, such as riboflavin, niacin, vi-
tamin D, are quite stable, others such as thiamin,
and vitamins E and A, are quite sensitive. Irradia-
tion at high doses can cause considerable losses of
vitamins of the latter group, especially if air
is not excluded from the food package. The same is
true of heating, and such losses need not cause more
concern in irradiated foods than in heated foods.
It was shown, for instance, that conventional ther-
mal processing of pork causes loss of thiamin com-
parable to or greater than irradiation at effective
processing conditions for sterilization [6]. Com-
pilations of many studies on the stability of vita-
mins in irradiated foods can be found in several
reviews [7,8,9,10].
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The biological value of proteins is little affected
by irradiation/ even at high doses. This has been
demonstrated with beef [11], chicken [12], fish
[13], fishmeal [14] and many other foodstuffs and
feedstuffs.
As most irradiated foods will be heated before con-

sumption, the combined effect of radiation and heating
on nutrient composition is of interest. Studies in
this area have been reviewed recently [15].
The 1980 Joint Expert Committee considered that

the irradiation of food up to an average dose of 1O
kGy introduces no special nutritional problems [5].

3. Microbiological aspects
With high-dose irradiation, aimed at achieving

commercial sterility of the food, no public health
problems can be foreseen [16]. However, at lower
doses the microorganisms that survive irradiation may
give rise to public health problems. Virtually the
same problems arise with other preservation methods
that do not lead to complete sterility. Precautions
must be taken, such as refrigerated storage, low pH,
low a , in order to prevent growth of pathogensWhaving survived the preservation treatment. Several
studies have been undertaken to test the assumption
that growth and toxin production of cl. botulinum
might be favored in irradiated foods, due to destruc-
tion of the competing flora. In agreement with re-
sults obtained elsewhere [17,18], studies in our
institute have shown no toxin formation in irradia-
ted fish stored at 5°C or below, even when the samples
were heavily inoculated with Cl. botulinum type E
[19].
Fears that radiation-induced genetic variations

might cause enhanced pathogenicity or enhanced
radiation resistance have not been substantiated
[20]. Concern was caused by the observation that
an inoculum of A. flavus spores on synthetic medium
produced more aflatoxin when irradiated [21]. In
the meantime, this has been recognized as an arte-
fact: a decrease in the inoculum size causes an in-
crease in aflatoxin production, regardless of irra-
diation. The reduction in the number of spores by
4 to 5 log cycles either by serial dilution or by
gamma irradiation caused a two fold increase in
the toxin production [22].
The 198O Joint Expert Committee concluded: "The

microbiological safety achieved by the food irra-
diation process is fully comparable with that of
other currently accepted food treatments" [5]. A
number of outstanding microbiologists have re-
commended irradiation as a means of eliminating
enteric bacterial pathogens from food and feed
[20,23,24], Obviously, they expect no particular
hazards, microbiological or other, from such treat-
ment.
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4. lexicological aspects
The changes in food composition caused by treat-

ment with ionizing radiation are quantitatively
very small. Nevertheless, one cannot a priori
assume that the reaction products formed as a re-
sult of irradiation are harmless. Numerous animal
feeding studies to test irradiated foodstuffs were
therefore carried out. Reviewing the results of such
studies, a Working Party on Irradiation of Food
appointed by the U.K. Ministry of Health concluded
already in 1964: "No evidence has yet accrued from
these long-term investigations that the treated food
is in any way deleterious to the species employed
in the test" [25]. The U.S. Surgeon General con-
cluded in 1965: "Food irradiation up to absorbed
doses of 5.6 megarads with a cobalt-60 source of
gamma radiation or with electrons with energies up
to 10 million electron volts have been found to be
wholesome; i.e. safe, and nutritionally adequate"
[26].
In spite of reassuring results of feeding studies,

health authorities all over the world hesitated for
many years to approve the process. The widespread
fear of anything related to radiation led to ever
more complex test protocols: greater numbers of ani-
mals per test group, more examinations on tissues
and organs of each animal, more different animal
species, special methods to test for mutagenicity,
embryotoxicity etc. Tests commissioned by the U.S.
Army to check the wholesomeness of irradiated beef
alone involved 150O dogs, 27 OOO rats and 2O OOO
mice, and cost some 5 million dollars [27],
Not many countries have the facilities to carry

out feeding studies on such a scale. In an effort
to pool the available resources an International
Project in the Field of Food Irradiation was crea-
ted in 1970. The agreement was signed by 19 (later
24) countries, by OECD's European Nuclear Energy
Agency (ENEA), and by FAO/IAEA. The project will
terminate at the end of this year. Its work has con-
tributed immensely to the much more positive atti-
tude now shown by national and international health
authorities. The FAO/IAEA/WHO Expert Committee, which
approached the evaluation of irradiated foods with
greatest caution when it first met in 1964, has
finally been satisfied in 1980 "that the irradiation
of any food commodity up to an overall average dose
of 1O kGy presents no toxicological hazard." It
further concluded: "Toxicological testing of foods
so treated is no longer required" [5].
It was not on the basis of feeding studies alone

that the Committee arrived at this conclusion. Know-
ledge derived from radiation chemistry and from
chemical analysis of irradiated foods bolstered the
results of bioassays [28J.

The concept of "chemiclearance" was proposed [29]
and increasingly accepted by the Committee. A book
on the "Radiation Chemistry of Major Food Components"
[30] was produced by the International Project in
1977, and a second volume is in preparation. It is
now recognized that most of the compounds produced
by irradiation are also present in foods subjected
to other, accepted types of food processing. Quan-
titatively, the changes caused by cooking are much
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more pronounced than those caused by irradiation,
even at high doses [31], Since similar radiolytic
reactions occur with the 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 pro-
cessing conditions for the same food [5],
Genetic toxicity investigations have also played a

major role in the evaluation of the wholesomeness of
irradiated foods. It has long been known that chromo-
some aberrations can occur in plant cells grown on
irradiated media. Mutagenic effects of some irradia-
ted sugar solutions in various in vitro systems have
been well established [32]. Some authors have also
reported mutagenic effects in Drosophila melano-
gaster grown on irradiated media, while others could
not find these effects. The Joint Expert Committee
of 1969 stated that, for extrapolation to man, the
most useful mutagenicity tests are those performed
in vivo in mammals. The Committee of 1969, specifi-
cally suggested the dominant lethal test, the host-
mediated assay, and cytogenetic analysis of the
chromosomes of bone marrow or meiotic germ cells [3].
At the time of the Committee meeting of 1976 some 35
mammalian in vivo mutagenicity studies of various
irradiated foods and feeds were available, and
another 7O by the time the Committee met again in
1980. Although a few of the results seemed to indi-
cate mutagenic activity in freshly irradiated wheat
[33,34], other authors could not confirm these obser-
vations in mice [35], rats [36], and monkeys [37].
An extensive collaborative study, sponsored by the
International Project in the Field of Food Irradia-
tion, gave no indication of mutagenic effects of
irradiated wheat, irrespective of the time of storage
[38]. KESAVAN, who critically evaluated the alarming
reports [33,34], came to the conclusion that they
were not well designed and that they failed to de-
monstrate any mutagenic potential of irradiated
wheat [39].

All in all, an impressive body of evidence exists,
which demonstrates beyond reasonable doubt, that
foods irradiated up to an average dose of 1O kGy are
safe for human consumption. Actually, many of the
feeding studies were carried out with foodstuffs
irradiated at much higher doses - up to 5O and 60
kGy. No deleterious effects were consistently ob-
served even under these conditions. A large margin
of safety thus exists.
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CURRENT STATUS OF FOOD IRRADIATION PROGRAM OF THE
USDA WITH SPECIAL EMPHASIS ON IRRADIATION PROCESSING
OF RED MEAT AND POULTRY

J.W. HARLAN
US Department of Agriculture,
Agricultural Research Service,
Eastern Regional Research Center,
Philadelphia, PA,
United States of America

I appreciate very much this opportunity to participate in this seminar and
research coordination meeting. It is a privilege to represent, along with my
colleague Dr. Burditt, the United States Department of Agriculture and to bring
you an overview of the current United States food irradiation program. Two major
missions of the U.S. Department of Agriculture relate directly to the topics to
be discussed at this meeting. One mission is "to assure a safe, nutritious and
abundant food supply for the American consumer," and the second is to promote a
beneficial international trade in food and agricultural commodities. There are
many important differences in the food production, distribution, processing, and
marketing systems existing in the United States and in the developing countries
of Asia and the Pacific, as well as countries in other parts of the world.
However, all countries share a common need for methods to preserve food quality,
prevent losses, and prevent the spread of infection and pestilence as food is
moved from the producer to the consumer. Selection and cultivation of resistant
varieties, improved packaging, handling and transport systems, refrigeration and
treatment with heat and with chemicals are the methods currently used to address

these needs. Today many people in the United States, as well as elsewhere in
the world, are optimistic that in the 1980's we will at last, after more than
35 years of research and evaluation, have the additional tool of irradiation
treatment available to use along with current methods to fight starvation,
hunger, and economic loss. If this expectation is realized a great deal of
the credit must go to the Joint FAO/IAEA Division of Isotope and Radiation
Applications, whose many activities, including their organization and sponsorship
of meetings like this current one, have brought together scientists from many
countries to share the results of their research and progress in addressing
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technical problems in their respective countries and to jointly identify
critical areas for future research.

Examination of the history of food irradiation research in the United States
provides useful insight into the current status and objectives of the .USDA's
food irradiation program. Food irradiation research in the United States may
be said to have started with irradiation of ground beef with X-rays by Dr. Proctor
at the Massachusetts Institute of Technology in 1943. This work demonstrated
the ability of ionizing radiation to reduce microbial load in fresh meats,
thereby prolonging shelf life. This research work was picked up and extended at Swift
and Company research laboratories in 1945 in a joint research project with
Electronized Chemicals Corporation and General Electric Company which identified
potential applications of ionizing radiation in meat preservation and also

identified serious problems connected with consumer acceptability and economics
which would have to be solved before irradiated meat products could be marketed
for either military or consumer use.

In 1950 the United States Atomic Energy Commission (U.S.AEC) initiated a
substantial program of research in food irradiation as part of the Beneficial

Uses and Atoms for Peace Programs. These programs investigated the uses of

irradiation in processing a wide variety of foods but emphasized research on
use of low levels of irradiation for insect deinfestation and sprout inhibition

or for extension of shelf life of fruits and vegetables. Design and economic
evaluation of irradiation facilities using °̂ Co or ^-^Cs radioisotope sources
was a major thrust of this program. In 1953 the United States Army Quartermaster
Corps actively entered into food irradiation research with the objective of
developing processes for preparing meat products which would be shelf stable
without refrigeration and have higher troop acceptability than heat sterilized
products.

An Interdepartmental Committee on Food Irradiation was established in
1956 to bring the status of food irradiation to the attention of different
federal agencies and to promote coordination of research efforts. In 1960
it was agreed that the Atomic Energy Commission program would concentrate its
efforts on low dose applications of irradiation in food processing and the
U.S. Army program would concentrate on development of high dose sterile irradiated
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meat products suited to military needs. Both of these programs utilized
extensively the expertise and research facilities of universities and private
firms through research and development contracts to complement in-house research
programs. The Army also took on primary responsibility for the task of
establishing wholesomeness and seeking approvals from the Food and Drug
Administration for irradiation processing of products.

In 1963 the U.S. Army established a major food irradiation facility at
Natick, Massachusetts, and shortly thereafter the Bureau of Fisheries of the
Department of Commerce established a marine irradiation facility in Gloucester,
Massachusetts. These installations, together with the grain irradiation
facility operated by the Department of Agriculture at Savannah, Georgia,
became primary centers of food irradiation research and development efforts.

Fourteen years ago, in November 1967, when Dr. E. S. Josephson reported to
the 8th Conference on Radioisotopes here in Tokyo on "Radiation Sterilization of
Foods in the U.S.A.," it appeared that the major goals of these substantial
research and development programs had been largely achieved. The effectiveness
of irradiation treatment for inhibition of sprouting in potatoes had been
demonstrated and the process approved. Control of insect infestation in grains
had been demonstrated at doses which had no harmful effect on the baking properties
and other uses of wheat, and the Food and Drug Administration had approved
irradiation of wheat and flour at the required levels. Methods of food preparation
had been developed and tested which assured consumer acceptability of a wide
variety of radiation sterilized meat, poultries and seafood items. Table I shows
consumer acceptance scores obtained on a number of these items. The table gives

the number of evaluators tasting each item, the average ratings on a 9 point scale,
and comparison scores on similar non-irradiated control products. On this scale
a product scoring 5 or above is considered acceptable. Toxicological and wholesomeness
information had been gathered on several major types of meat products. The U.S.
FDA had approved irradiated bacon. A petition had been submitted to FDA for
irradiated ham, and petitions were nearly ready for submission on beef and chicken
products. The U.S. Atomic Energy Commission had awarded a contract to IRRADCO, a
commercial firm, to build and operate a pilot commercial plant for radiation
sterilized meats, poultry, fin fish and shellfish. It appeared that only
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questions of economics and market acceptance remained to be solved. The rosy

expectations for irradiated foods are perhaps well illustrated by these slides
showing attractive servings of irradiated food products.

However, in 1968 the Food and Drug Administration in the United States
changed its criteria for toxicological evaluation, rejected the irradiated ham
petition, and canceled approvals on irradiated bacon. Almost overnight what
had appeared to be a tremendous technological success began to look like a
wasted effort in the face of the problems raised by the wholesomeness question.

The planned commercial irradiation facility was canceled. Research and
development in the private sector came to an abrupt halt. By 1970 the U.S. AEC
had terminated its food irradiation program and the U.S. Army, after reevaluating
its program, concentrated its efforts on a new round of toxicological studies.

The International Project on Wholesomeness of Irradiated Foods was organized
in 1970 and the U.S. joined with 24 other nations not only to review existing
wholesomeness data but to develop acceptable wholesomeness criteria and
toxicological concepts and to define the critical experiments needed to resolve
the question of wholesomeness.

By 1976 when the World Health Organization FAO/IAEA Joint Expert Committee
issued its wholesomeness report recommending approval of a number of low dose
irradiation applications, prospects for the future of food irradiation had begun
to brighten.

In the United States the protocols for a new series of wholesomeness
evaluations had been jointly developed by the U/S. Army Natick Labs and FDA,
and a decision had been made to proceed with these tests. However, the U.S.
Interdepartmental Committee on Food Irradiation expressed their concern about
the Low level of activity in many areas of food irradiation in their November
1976 report. This same concern was voiced again in their December 1978 report
which pointed out that "no governmental agency (since AEC decided to discontinue
the low dose program in 1970) had the mission to support low dose applications
such as the disinfestation of papaya and other fruits, salmonella eradication
in poultry and other meats, and in fish by irradiation." The report noted that
while many thought of the U.S. Army Natick Research and Development Command
as the lead laboratory in food irradiation, the mission of the U.S. Army was
limited to high dose applications (sterilization) in poultry meat, and observed
that the other missions cited lay within the purview of the U.S. Department of
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Agriculture and the National Marine Fishery Service. The report further commented
that "the great expense in irradiation research facilities and the wholesomeness
studies needed for support of a petition to FDA, for all practical purposes had
also prevented the food industry from seriously considering the process."

By 1980 the experimental work required in the protocol for the FDA petition
on irradiation sterilized chicken had essentially been completed and it was
felt that, if the evolving chemi-clearance concept received final acceptance
by toxicologists, the information gathered worldwide in previous research
programs on other irradiated meats, fin fish and shellfish was sufficient to
support requests for approval of these products.

At this time the U.S. Department of Agriculture was also supporting
research on irradiation of bacon as an alternative method to the use of nitrites
in providing protection for bacon against C. botulinum hazards. It was agreed
that the OSDA would take over responsibility for the U.S. food irradiation
program leadership from the Department of the Army in October 1980, complete
the petition to the Food and Drug Administration for approval of irradiation
sterilized chicken, complete the research on bacon irradiation, and initiate
a new research program on use of irradiation as a process to improve bacteriological
safety and reduce spoilage losses in cured meats, fresh poultry, red meats,
fruits, vegetables and marine products, and as an alternative to chemical fumigants
in controlling insect infestations. A continuing basic research program on
the radiation chemistry of food components with special attention to conditions
producing minor radiolytic compounds of possible toxicological significance was
recognized as essential to continued progress on both technological problems
and wholesomeness issues related to these objectives.

I do not have time today, nor is it my purpose, to present in detail
the results of any individual investigations, nor even to give an extensive
review of the results of recent or current USDA food irradiation research.
These reports are available in the scientific journals and were reviewed in
some detail by Dr. Wierbicki at the Conference on Food Irradiation sponsored
by the FAO/IAEA in Sri Lanka in November 1980. Instead, I will attempt to
give you an overview of the current status and objectives in each of these
areas of USDA food irradiation research.
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The toxicological and chemical studies to determine the wholesomeness of
irradiation sterilized chicken, started in 1976 and now nearly complete,
probably represent the most complete and exhaustive wholesomeness study ever
undertaken on any food product. The chemical studies include extensive
investigations of radiolytic products produced and the mechanism of their
formation under a wide range of temperature and irradiation dosage conditions,
along with comparable studies of the products produced by thermal sterilization.
These chemical studies supplement an extensive battery of animal feeding studies
in which direct comparisons are made of chicken irradiated to 4.5 to 6.75 Mrads
at -30° ± 10°C (both with ^Co Gamma and with electrons) with thermally sterilized
chicken meat, raw (frozen) chicken meat, and control diets. The toxicological
studies are summarized in Table II.

Studies have been completed on teratogenicity in the mouse, hamster, rat,
and rabbit, and on mutagenicity by the Ames, drosophila, dominant lethal, and
inheritable translocation tests. Nutritional studies include protein efficiency
ratios in the rat and mouse, as- well as studies of potential anti-vitamin
activity.

Both acute and long-term multi-generation toxicological studies have been

completed using mice and dogs, and a shorter 1-year study completed using rats.
The results have been reported in a series of 15 quarterly reports. The final
summary report on the long-term mice feeding studies will be received in
December 1981; the final long-term feeding studies report on dogs will be

finished in February 1982; and the final report on the rat feeding studies by
April 1982. The reports on supporting chemical studies are also expected to
be completed by this time.

A special Irradiated Foods Task Force set up in the Food and Drug Administration
has maintained an open file in which they have accumulated the quarterly reports
from the animal feeding studies as well as reports on chemical studies conducted
at Natick Laboratories. They have reviewed and made informal comments from
time to time on these interim reports. While no final conclusions on the
wholesomeness of irradiation sterilized chicken can be made until all the
reports are completed and the information evaluated in its entirety, no
significant adverse effects of irradiation sterilization on the wholesomeness
of chicken have been reported in the preliminary evaluations.
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The format and an outline of the contents of the proposed petition have
been jointly developed and reviewed periodically by PDA task force members.
The task of preparing the final petition will begin in January 1982 and it
is expected to be completed by the end of theyear.

Both the apparently favorable results of these animal feeding studies and
the results of chemical studies on the extent and compoistion of radiolytic
products produced in chicken, beef, and a number of other food products as part
of this project contribute importantly to the basis for the proposed new FDA
policy and petition requirements published in the Federal Register, Vol. 46,
No. 59, March 27, 1981, pp. 18992-18994, under the title "Policy for Irradiated
Foods." It was recognized by Food and Drug Administration toxicologists,
the Interdepartmental Committee on Irradiation Preservation of Foods, and
the staff of the Department of the Army at the Natick Laboratories prior to
1976 that conventional methodology and approaches to establishing safety and
wholesomeness of irradiated products could not be appropriately applied to a
food item which was a major component of the diet rather than a minor dietary
constituent. Representatives of the above groups met repeatedly to develop a
new approach and as this approach evolved it was incorporated into the protocol
for the irradiated chicken animal feeding studies.

In 1979 the Food and Drug Administration established an Irradiated Foods
Committee to establish toxicological requirements appropriate for assessing the
safety of irradiated foods. The recommendations in this Committee's report are
embodied in the proposed new policy and guidelines. The proposed new policy and
guidelines lean heavily on the concept of the general similarity in type and
extent of radiolytic products generated from the basic food components (fat,

protein, and carbohydrates) in different foods and the linear additivity of
the radiolytic products produced on irradiation of foods containing these
basic components in varying relative amounts. Based on these concepts, products
receiving low levels of irradiation (below 100 Krads) would be generally
approved and foods of similar chemical composition irradiated under similar
conditions would be viewed in the generic sense for regulatory purposes.

Comments received by FDA on the proposed new policy are now being
evaluated and a final policy decision is expected late in 1982. If the new
policy and criteria are adopted it is expected that existing data - supplemented
by relatively inexpensive and straightforward short-term animal tests and
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mutagenicity tests, plus assurance of adequate product quality control, and
good manufacturing practices - will permit rapid regulatory approval of a
variety of meat and other products of commercial interest.

One may reasonably ask why in the United States, where we are blessed
with both a productive agricultural system and an efficient rapid food
distribution system, and where ample refrigeration facilities are available,
we are interested in developing irradiation as a new method of preservation.
One can identify several reasons. Despite availability of refrigeration and
efficient distribution systems many fresh foods still have a shelf life
limited to 3-7 days, restricting markets and causing losses of many millions
of dollars worth of foods per year. Fresh retail meat cuts, ground beef,
poultry, fish, and many fruits and vegetables can be included in the list of
perishable products where irradiation processing offers the potential of loss
reduction.

Marketing Research Report No. 996 of the Agricultural Research Service
of the United States Department of Agriculture "The Nature and Extent of
Retail and Consumer Losses in Apples, Oranges, Lettuce, Peaches, Strawberries,
and Potatoes Marketed in Greater New York" reported losses in this market
area which serves 16,000,000 people during the period September 1966 through
October 1969. The report shows the following annual losses of fruits reaching
this one market area:

Oranges, 5.5 million Ibs., primarily due to molds such as are shown in
this slide which can be inhibited by irradiation treatment.

Strawberries, 3.3 million Ibs., primarily due to gray mold rot shown in
this slide which can also be inhibited by irradiation treatment.

Peaches, 11.6 million Ibs., primarily due to brown rot which is also
susceptible to post-harvest treatment.

Salmonella contamination of meat products also remains a problem. A
1974 Congressional study reported 2 million cases of human salmonellosis to
occur annually in the U.S., costing $300,000,000 in lost work and medical
payments. One USDA survey found 28.5% of processed chickens contaminated with
salmonella. Treatment with relatively low doses of irradiation is known to be
an effective method of reducing salmonella contamination.

46



Current practices in the use of chemical additives, sterilants, and fumigants
in processing foods are being reexamined and challenged.

The use of nitrite in preserving bacon and other cured meats has been
questioned following discovery that commercial bacon when cooked contains low
levels of nitrosamines which are potential human carcinogens.

Nitrite is used in meat primarily as an inhibitor of botulism toxin
production. It is not needed in bacon for characteristic aroma or flavor, but
does contribute to desirable color in the product. Our recent research on use
of moderate levels of irradiation as an alternative to current levels of
nitrite in producing bacon safe from botulism hazard indicates that the protective
effect of 10-15 KGys of irradiation on bacon stored at 5°C is greater than that
of the 120/ppm nitrite currently used in non-irradiated product. A dosage of
10 KGys controls common spoilage organisms and produces an organoleptically
acceptable product after storage at both normal and abused temperatures for
60 days. However, a dosage of 15 KGys was required to provide protection
against botulism toxin production in test samples inoculated with type A + B
£• botulinum spores. Research is currently in progress to establish the range
of salt, nitrite, and sugar levels which give both safe and highly acceptable
bacon products after irradiation at 5-15 KGys and storage for up to 60 days.
The radiolytic products produced on irradiation of bacon are being established
and electron spin resonance spectroscopic data are being obtained. The results
to date are comparable to similar data on other meat products and are expected
to be useful in establishing wholesomeness of irradiated bacon. When the
research on bacon is completed in 1982 we expect to turn our attention to low
close irradiation of poultry and fresh meat products - to define processing

conditions required for control of salmonella and reduction of spoilage losses.
Earlier I showed slides illustrating the ability of irradiation processing

to control mold on oranges and on strawberries. A review of recent tests and
older literature on these and other fruits and vegetables has shown need for
additional research on phytotcxic effects of irradiation which in some cases
negate the beneficial effect of mold control or of control of insect infestation.
Research on both practical effects in the field and on the basic mechanisms
involved is planned.
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In 1981 the Environmental Protection Agency proposed banning the use of
ethylenedibromide as a fumigant in treatment of citrus fruits, proposing
irradiation treatment as a possible alternative. The U3DA is currently
cooperating with the Florida Citrus Commission and the Department of Energy in
tests to be conducted periodically throughout a growing season to determine if
irradiation is a viable alternative to chemical fumigation of Florida grapefruit
for overseas shipment. Test product will be packed in Florida, irradiated with
Co, and evaluated after shipment and storage. A new research program has

also been started at our Philadelphia, Pennsylvania, facility on the effect
of irradiation treatment on the biochemistry and physiology of ripening and

senescence of non-citrus fruits and selected vegetables as a basis for future
use of irradiation in combination with other modern methods of extending
storage life, such as hypobaric and controlled atmosphere treatment.

As I mentioned earlier, a program of basic research on irradiation chemistry
of food components is also in progress, in-house and by contract with universities.
Current attention is being given to research on mechanism of formation and
characterization of the non-volatile radiolytic products from food components
including protein polymers, lipid derivatives, and meat pigment complexes.

Emphasis is also being given to establishing conditions under which unique
radiolytic products may be produced which may be of toxicological interest.

While the USDA expects many different locations to participate in this new

food irradiation program, most of the research will be done at the USDA's
Eastern Regional Research Center in Philadelphia, Pennsylvania, with the cooperation
of field locations. Irradiation will be carried out in commercial installations
as well as in a 250,000 curie 13?cs irradiator being transferred from Natick
Laboratories to Philadelphia. We expect this source to be installed and ready
to operate by the end of the year.

It is my hope that this presentation has given you some useful insights
into the USDA food irradiation program. I now look forward to learning much
from all of you during the balance of this seminar and research coordination
meeting.
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TABLE I

ACCEPTANCE OF RADAPPERTIZED HEATS, POULTRY, AND SEAFOODS*

IRRADIATED

ITEM

HAM

CHICKEN

PORK

BEEF

BACON

SHRIMP

CODFISH CAKES

NUMBER OF
EVALUATORS

1,657

583

391

589

25,656

539

531

RATING8

5.87

6.07

5.71

5.99

6.16

6.09

5.10

NON IRRADIATED
CONTROL

NUMBER OF
EVALUATORS

1,437

518

158

641

—

819

578

RATING8

6.66

6.36

6.85

6.61

—

6.43

6.30

AFROM URBAIN (1970).
BBASED ON A 9-POINT HEDONIC SCALE, 9 LIKE EXTREMELY, 5

NEITHER LIKE NOR DIS1IKE, 1 DISLIKE EXTREMELY.

TABLE II

TOXICOLOGICAL STUDIES
IRRADIATION STERILIZED CHICKEN
(4.5-6.75 MRAD AT -30° + 10°C)

TERATOLOGY
MOUSE, RAT, HAMSTER, RABBIT

MUTA6ENICITY
AMES TEST (Two Laboratories)
DROSOPHILA MELANOGASTER (Recessive Lethal)
DOMINANT LETHAL (Mouse Spermatogenesis)
HERITABLE TRANS LOCATION

NUTRITIONAL
PER - RAT AND MOUSE
ANTI-THIAMIN PROPERTIES

LONG TERM FEEDING STUDIES
CHRONIC TOXICITY IN MOUSE, DOG, RAT*
REPRODUCTION IN MOUSE,DOG, RAT*
LONGEVITY IN MOUSE, DOG, RAT*

terminated after 1st year
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NATIONAL FOOD IRRADIATION PROGRAMME OF JAPAN

M. FUJIMAKI
Ochanomizu University,
Tokyo,Japan

INTRODUCTION

Studies on food irradiation have a history of about 20
years in Japan. Initially, the researches were concerned
only with efficacy of food irradiation and were carried
out among the limited numbers of university or institution.
The first experiments were conducted on spoilage prevention
in fish through the application of gamma rays at the Tokyo
University of Fisheries. In 1965, the committee on food
irradiation was first established under the auspices of
the Japan Atomic Energy Conference. Two years later, the
National Project Team was organized by the Science and
Technology Agency, Japan, and studies on the efficacy of food
irradiation, exposure techniques as well as wholesomeness
of irradiated foods were started, especially on seven food
items such as potatoes, onions, rice, wheat, fish-paste products
(Kamaboko), Wiener sausages and mandarine oranges. The steering
committee has co-ordinated the achievement of all these experi-
ments and the evaluation of data obtained.

In Japan, the legal permission has been given only to
the potatoes for irradiation of ""Co gamma rays up to 15 krad
for the purpose of sprout inhibition since August, 1972̂ -'.
A commercial plant with a monthly capacity of irradiating
10,000 tons of potatoes was constructed in Shihoro, Hokkaido,
in 1973 for this purpose. The onions are the second item which
have bee expected to be cleared in Japan. Studies on the
feasibility as well as wholesomeness of this item, which were
started from 1967, have been almost finished and the final
report is prepared under the direction of the Science and
Technology Agency, Japan . Studies on other food items,
however, are in progress although some toxicological data have
already accumulated.

The present paper will review the present status of the
studies on feasibility as well as wholesomeness of irradiated
foods in Japan.

PROGRESS MADE IN FOOD IRRADIATION IN JAPAN

In 1965, a special committee was formed under the auspices
of the Japan Atomic Energy Conference to draw up a programme
for food irradiation research. The committee deliberated on
the following points:

(1) The benefits of food irradiation to both producers and
consumers, with a broad view of its impact on the natio-
nal economy.

(2) The feasibility of the project on a commercial scale,
conducting basic, applied and development research,the
resulting data to be made available to Japanese industry.

(3) The commencement of food irradiation with the economi-
cally most important products.
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Figure 1 shows the organization of the National Programme
on Food Irradiation Research in Japan. A special feature of
this National Food Irradiation Programme is a complete partici-
pation of all the concerned government ministries and the
fact that it is centred around national and public research
institutes and universities.

As the consequence of numerous admistrative problems,
it was decided to begin research on the irradiation of potatoes
and onions first and then to continue with products such as
cereals, sausages, kamaboko and oranges, from the view point
of the efficacy of food irradiation, irradiation techniques
and wholesomeness of food irradiation with toxicological studies.
To ensure the smooth progress of this project, a steering
committee for food irradiation research was formed with par-
ticipation of national research institutes, universities and
goverment ministries concerned.

In view of the social impact of irradiated food at the
stage of future practical use, it was decided to use foreigh
research data only as reference material and thus all the
research work, including wholesomeness tests, was conducted
in the country. Table I shows the present progress of the
National Programme on Food Irradiation.

Atomic Energy Commission

Atomic Energy Bureau
Science and Technology Agency

Steeling Committee on
Food Irradiation

Ministry of Welfare |—

National Project on Food Irradiation

..........................I............................
Radiationjiffects

National Food Research Inst i tute (Agricul tural products)

Tokai Regional Fishery Research Laboratory (Seafoods)

National Institute of Animal Industry (Animal products)

India trial Products Research Institute (Packaging materials)

W holesome ness

National Institute of Hygienic Sciences

National Institute of Nutrition

National Institute of Health

Radiation engineering

Takasakf Radiation Chemistry Research Establishment of
Japan Atomic Energy Institute

Basic research

Institute of Physical and Chemical Research

Association organizing members from universities, other
institutions and industries

FIG-1. Organization of the National Research Programme on food irradiation.

STUDIES ON FEASIBILITY AND WHOLESOMENESS OF IRRADIATED FOODS

I. Potatoes

A project team was organized in 1979 under the direction
of Japan Isotope Association, Tokyo, for an additional study
on mutagenic activity of alcohol extract specially prepared
from irradiated potatoes in the same procedure as used by
Russian workers, who reported some positive data in dominant
lethal tests with mice in 19723).
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Mutagenicity tests such as Salmonella/microsome tests,
prophage lambda induction tests ( inductests ) with E. coli,
chromosome aberration tests in vitro using Chinese hamster
fibroblasts, and micronucleus tests in vivo with mice, were
carried out simultaneousely on the same sample but at differ-
ent institutions. All results were negative and any signifi-
cant increase was not detected in the extract obtained from
the irradiated potatoes^' »-") .

TABLE I. NATIONAL PROJECT OF FOOD IRRADIATION RESEARCH IN JAPAN (1981)

Items

Potato

Onion

Rice

Wheat

Object

Sprout
inhibition

Sprout
inhibition

Disinfestation

Disinfestation

Radiation Wholesomeness
effect test
Finished Finished

Finished Finished

Finished Finished

Finished Finished
•

Authorized 1972-08-30

Petition
will be presented
Basic studies of
radiation engineering
using small grain
irradiator have
finished

Finished
(1982)
Continued
(1982)

Fish-Paste Products Radurization
(Kamaboko)

Mandarine oranges Radurization by Continued Continued
surface pasteu- (1982) (1982)
rization

II. Onions

Studies on the feasibility and wholesomeness have been
finished and the final report was recently published ( in
Japanese) by the Sciene and Technology Agency, Japan (1980).

In summary, the irradiation of 2-15 krad of 8~-ray was
very effective for the sprout prevention of onions at least
for 8 months, at room temperature, keeping their quality under
a good condition. Any inductive radiation and nutritional
as well as biochemical changes could not be found in the
material from irradiated onions during the storage. No sig-
nificant differences were found between grouos of non-irra-
diated and irradiated in toxicological studies such as chronic
toxicity in mice anu rats or 3-generations tests in mice
combined with teratogenicity tests. The extract of the irradiated
onions also gave negative results in mutagenicity tests such
as mutation assays with bacteria , chromosome tests with
mammalian cells in vitro as well as in vivo and dominant lethal
tests with mice.
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III. Pice
A complete disinfestation was expected when the rice was

exposed to 20-50 krad. Sprouting capacity, however, remained
and seemed to be more enhanced by the irradiation during storage
for 3 months. The taste or the flavor was changed a little
immediately after irradiation, but it recovered during the storage.
No change were observed in the contents of amino acids, lipids,
and in other biochemical components. Any nutritional defect
could not be observed in the rats fed 15 krad irradiated rice.

Subacute toxicity tests with monkeys were performed as
follows. There groups consisting of 5 male rhesus monkeys were
used. The control group was fed a commercial standard diet,
and two other groups were fed the diets containing 40 % of
non-irradiated and 100 krad irradiated rice for 24 months.
At 0, 6, 12, 18 and 24 months, the hematological and biochemi-
cal analyses were carried out on each monkey. All monkeys were
autopsied at the end of experiment. No significant changes were
noted in growth, morphological and biochemical findings in the
blood, organ weight as well as in pathological examinations.

Mutagenicity tests with Salmonella typhimurium on the 80 %
alcohol extract prepared from 50 krad irradiated rice were negative.
Neither somatic mutation in vitro nor chromosome aberration in
vitro as well as in vivo was induced by the extract. The dominant
lethal test with mice fed 50 krad irradiated rice gave also a
negative result. Chronic toxicity tests in mice and rats, multi-
generation tests in mice, all these experiments have been completed
and showed all negative results '.

IV. Wheat

Bread baked with wheat flour which was prepared immediately
after 100 krad irradiation, had a particular smell and somewhat
decreased in its viscosity. This characteristic, however dis-
appeared when the wheat of 3 months after irradiation was used.
Biochemical components in the wheat after grinding, such as water,
protein, starch, amino acids or lipids, did not change markedly
by the irradiationof 50 krad, although the content of maltose
seemed to increase by higher irradiation. The number of Bacillus
present in the wheat decreased about 50 % following 50 krad Irra-
diation, while that of Erwinia herbicola seemed to be increased.
Any nutritional change was not observed in rats fed 15 krad irra-
diated wheat for 3 months.

Chronic toxicity tests with rats and mice for 2 years indicated
that there were no significant differences between the groups, non-
irradiated and irradiated for 20 or 200 krad, in both biochemical
and pathological findings. Multigeneration tests in mice fed diets
containing 45 % of 200 krad-irradJated wheat were also negative.

Mutagenicity tests such as reverse mutation assays with
Salmonella typhimurium or .E. coli, host-mediated assays, chromo-
some aberration tests -in vitro, micronucleus tests with mice, were
carried out on the fraction extracted by water or 70 % alcohol
from 15 krad-irradiated wheat. No positive results were obtained
in the above tests when compared with the data obtained from
the extract prepared from non-irradiated wheat. A dominant lethal
test with mice was also negative.

V. Wiener sausages
The preservation period of sausages was actually prolonged

when they were exposed to 500 krad. After irradiation of 250-500 krad.
electrophoresis patterns of proteins in the sausage changed
somehow, but they recovered to normal levels during storage
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for 2 weeks in a refrigerator. No marked changes were found
in the contents of lipid, carbonyl compounds, nitrous acid in
the irradiated sausages after the storage. Ascorbic acid added,
however, decreased 55 % by irradiation of 500 krad. Any nutritional
defect did not observed in the rats fed 15 krad-irradiated sausages
for 3 months.

Chronic toxicity tests with mice for 2 years are in progress,
in which the mice were fed the diets containing 5 % of lyophilized
sausage irradiated 600 krad. A similar experiment with rats indi-
cated that no significant differences were detected between groups,
non-irradiated and irradiated, in both biochemical and pathological
findings. Subacute toxicity tests using monkeys are also in
progress. Multi-generation tests with mice were all negative
and no teratogenic effects were found for 3 successive generation.

Mutagenicity tests are in progress and will be finished in
1982.

VI. Fish-paste products (Kamaboko)
The elasticity of Kamaboko was well preserved after irradia-

tion of 300 krad, and the preservation period was elongated 20 days
when compared with that in non-irradiated one. No changes were
observed in the contents of free amino acids or reducing sugar by
irradiation. Glutamic acid, trimethylamine or acetaldehyde,
however, seemed to be increased by irradiation. Food additives
containing in Kamaboko such as glutamic acid, sodium 5'-inosinate
or sodium 5*-guanylate were not affected by the irradiation. Any
nutritional defect did not observed in rats that were fed Kamaboko
irradiated 15 krad.

Chronic toxicity tests on 450 krad-irradiated Kamaboko are
in progress, using mice and rats in which the diet containing
2-7.5 % of lyophilized materials is used. Multi-generation tests
on the similar materials in mice have been finished, and no signifi-
cant differences were found between the groups of non-irradiated
and irradiated animals.

Mutagenicity tests with bacteria and mammalian cells are still
in progress.

VII. Mandarine oranges

A disinfestation effect was successfully obtained on the
oranges by the irradiation of 150-200 krad. By an exposure to
higher doses, however, the skin of orange became soft and changed
in color to brown. These changes recovered during the storage at
3°C.

Chronic toxicity tests for 2 years with mice and rats are in
progress, in which the animals are fed the diets containing 3 %
of dried stuff prepared from 150 krad-irradiated oranges. Sub-
acute toxicity tests with monkeys as well as multi-generation
tests with mice are also in progress.

Mutagenicity tests such as Salmonella/microsome tests with TA
100-10 (SM̂ ) strain and chromosome aberration tests in vitro with
Chinese hamster fibloblasts, were carried out on the fractions
extracted with methanol and acetones from condensed juice which
were prepared from the oranges both non-irradiated and irradiated
150 krad. None of these fractions showed any increases in muta-
genlc activity as well as clastogenicity when compared with 2
groups of non-irradiated and irradiated oranges.
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Trials to elucidate the safety of food itself have been made
on irradiated foods. Various problems remain to be studied in
connection with the safety evaluation methods to be used for
irradiated foods, and modifications will inevitably become necess-
ary with the development of sciences related to safety evaluation.
It is believed that the various problems inherent in the methodology
of safety evaluation should be established first and then efforts
be made to solve these problems so as to ensure the safety of
irradiated foods.

Finally, I would like to call the importance of international
cooperation and exchange of informations in food irradiation research
and development, since we have many common foods being widely consumed
in the world. It is hoped that our experienced in studies on food
irradiation will be helpful for the promotion of the research
programs of other countries in this field.

Most parts of this paper have been prepared by Dr. M. Ishidate
of the National Institute of Hygenic Sciences. I wish to express
my gratitude to him for his kind cooperation.
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FOOD IRRADIATION AS A QUARANTINE TREATMENT OF FRUITS

A.K. BURDITT, Jr.
Yakima Agricultural Research Laboratory,
Yakima, Washington,
United States of America

ABSTRACT

FOOD IRRADIATION AS A QUARANTINE TREATMENT OF FRUITS

The need for and use of quarantine treatments to
disinfect fruits, vegetables and other commodities in
international trade is described. Fruit flies and other
pests are of quarantine importance, and their presence may
restrict movement of host commodities. Procedures
currently approved for use, and their limitations, are
outlined. Research conducted during the past 30 years on
the effects of ionizing radiation on immature fruit flies
in Hawaii and elsewhere, and on other pests of fruit, is
reviewed. The potential for use as a quarantine treatment
for commodities subject to infestation with fruit fly
larvae or other pests is discussed. Adverse effects or

the lack of such effects on treated commodities, are
noted. The potential availability of irradiators for
treatment of large quantities of fruit and engineering
constraints on such equipment are noted. Needs for

additional research are discussed.

1. INTRODUCTION
Research on irradiation as a potential quarantine

treatment for fruits was first proposed in the United
States of America (USA) over 25 years ago at the United
States Department of Agriculture (USDA) Hawaiian Fruit
Flies Laboratory, by Balock [1]. Based on this proposal,
a cobalt-60 gamma radiation source was installed in 1957

and a research project was initiated to determine the

effects of irradiation on fruit flies infesting papayas at
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the laboratory. This was part of an ongoing project to

develop and improve quarantine treatments for papayas and

other commodities subject to infestation by fruit flies.
2. NEED FOR AND DEVELOPMENT OF QUARANTINE TREATMENTS

In the United States of America (USA), the Animal and
Plant Health Inspection Service (APHIS) of the USDA is
responsible for regulating the importation and movement of
commodities that are subject to quarantine restrictions.
Such quarantines may be due to possible infestation by

species of insects that are not found in the USA or due to
interstate movement of commodities infested by species of

pests that have been introduced but are not distributed
throughout the country [2]. In accordance with these
regulations, such commodities must be treated by

fumigation, low temperature storage, or some other

appropriate technique, in order to eliminate any pests of

quarantine importance. The treatments usually have been

thoroughly tested and evaluated by scientists of the

Agricultural Research Service (ARS) of the USDA or their
counterparts in other countries before being approved by
APHIS.

Among the most important pests of quarantine

importance to our agriculture are fruit flies of the
family Tephritidae. Of these, three species are

established in the state of Hawaii and pose a continuous
threat to fruit production in the mainland USA. These

species are the oriental fruit fly, Dacus dorsalis Hendel,

the melon fly, D. cucurbitae Coquillett, and the

Mediterranean fruit fly, Ceratitis capitata (Wiedemann).
An incipient infestation of the latter is now present in a
limited area of the state of California, where a
coordinated program for its eradication by cooperating
federal, state and local agencies is currently underway.
Other species of fruit flies of quarantine importance
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include various species of Anastrepha, and Rhagoletis, as
well as other species of Dacus and other genera not found
in the USA.

In addition to fruit flies, there are many other pest
species of insects that are not found in the USA or in the
48 contiguous states which are of quarantine importance.
These include a number of moths, beetles, flies, mites and
other insects. The existence of such a pest in a country
can result in total exclusion of a fruit or vegetable or
could require its treatment for elimination of the pests.

At the same time, fruits and vegetables produced in
the USA also are hosts for many pests that are not found

in other parts of the world. Examples of these are the
Caribbean fruit fly, Anastrepha suspensa (Loew), 'which may
infest grapefruit, and the codling moth, Cydia pomonella

(L.), which is not found in Japan or Korea. Japan
currently requires treatment of Florida citrus for the

former and cherries for the latter.

In order for a proposed quarantine treatment, such as
irradiation, to be accepted by APHIS for use, the
following must be demonstrated:

1. The treatment must be effective against the pest

species. In order to establish that a
quarantine treatment is effective, consideration

is taken of the potential hazard of a pest to
our agriculture and the degree of infestation
present in the commodity. The three species of
fruit flies found in Hawaii are an example of
pests that are an important threat to
agriculture on the mainland USA. Therefore, any

of the major hosts of these flies must be
subjected to a treatment known to be completely
effective. We have adopted the concept of
probit 9 security for these situations [3].
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Using this concept, we require that an effective

treatment should result in 99.9968% mortality.
ARS scientists conduct research to develop
treatments to eliminate such pests and to

determine their effectiveness. Effective
treatments are recommended to APHIS and those
that are accepted for use in the USA are
published in the Code of Federal Regulations
[2]. The effectiveness of gamma radiation as a
potential quarantine treatment will be
considered in this paper.

2. The treatment should not have an adverse effect
on quality, storage, or composition of the

commodity to be treated. In conducting research
to develop new treatments, entomologists and

chemists cooperate with plant physiologists,
horticulturists and plant pathologists to
evaluate any adverse effects on commodities

Commodities, such as certain varieties of
avocados or tomatoes, may be more susceptible to
injury than others. Some commodities, such as
grapefruit, are susceptible to injury under

certain conditions of treatment, such as when
previously treated with certain types of wax,

when exposed to a second chemical such as a

fungicide, or when exposed to temperature
extremes. The effects of irradiation on
commodities of quarantine importance will be
discussed briefly in this paper.

3. The treatment should not leave a hazardous or
excessive residue in the commodity to be
treated. Our Environmental Protection Agency

(EPA) has established tolerances for the amount
of residue present in a commodity that has been
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treated for insect control. In the case of
fumigants such as EDB or MB, residues may occur

as either organic or inorganic bromides. Also,

chemical reactions may occur that result in

changes in chemical composition of the

commodity. Treatments such as cold, heat or

radiation would not leave any direct residue in
the commodity but may result in chemical
reactions or changes. In the USA irradiation is
considered to be a food additive, and as such,

it comes under jurisdiction of our Food and Drug
Administration (FDA) instead of EPA.

4. The treatment can be applied without undue
hazard to personnel involved. In order to

prevent undue exposure of personnel to
pesticides, our Occupational Safety and Health
Administration (OSHA) of the Department of Labor

(DOL) and the National Institute for
Occupational Safety and Health (NIOSH) of the
Department of Health and Human Services (DOH)
have established or recommended limits for
exposure of personnel to hazards. Design of an
irradiation facility for quarantine use would

require safeguards to prevent exposure of
personnel to radiation.

5. The treatment must be applied in such a fashion
that the time or cost of processing the

commodity is minimal. The mechanics of
application for quarantine treatments must be

such that they can fit into normal packing
and/or processing procedures with a minimum of
inconvenience. Commodities may be treated before
being packaged if most of the fruit is produced

for export. Or, if only a certain percentage of

grapefruit is to be exported, the treatment may
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be applied after the fruit is packaged. Some of

the fruit imported into the USA is treated
enroute or when it arrives at the port.
However, some governments, such as Japan,
require that the treatment must be certified as
completed before the fruit is shipped.
Integrating a food irradiation facility for
quarantine treatment of fruit into processing

procedures could present an engineering or

logistics problem.

3. RESEARCH ON IRRADIATION AS A QUARANTINE TREATMENT FOR
HAWAIIAN FRUIT FLIES
In the past, the effectiveness of treatments of

commodities to eliminate infestations of insects and other
pests of quarantine importance has been measured by the

survival of eggs or larvae in the products treated [3].

Survival of fruit fly larvae has been based on emergence
of live larvae from the fruit and their successful
pupation. In conducting research on gamma irradiation in
Hawaii, it was obvious that a high dose of radiation would
be required to kill eggs or larvae outright or prevent

pupation of mature larvae. However, it was also obvious
that adult emergence could be reduced or prevented by
exposure of eggs, larvae, or 1-3 day old puparia to less

than 10 krad of gamma radiation from our cobalt-60 source
(Table 1).

In studies on exposure of naked eggs of melon flies,
oriental fruit flies and Mediterranean fruit flies to
gamma radiation [4], a dose of three krad prevented hatch
of 90-1007, of eggs that were less than 50% developed at
the time of treatment (Table 2). However, such a dose had
very little effect on eggs that were more mature at the

time of treatment. Increasing the exposure to 30 krad
failed to prevent hatch of the more mature eggs.
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Further studies were conducted in which eggs, larvae,
or pupae were exposed to gamma radiation and permitted to
complete their development [4]. Treated eggs were allowed
to hatch and the larvae to develop on rearing medium and
form pupae. Larvae treated in the medium were allowed to
complete their development and pupate. Treated pupae, and

pupae developing from treated eggs or larvae, were held in

sand for adult emergence. Mortality as measured by adult

emergence from eggs, larvae or pupae exposed to three

krad, was greater for oriental fruit flies than for melon

flies but less than that of Mediterranean fruit flies

(Table 3). These data also demonstrated that mature

larvae and pupae were less susceptible to irradiation than

younger larvae and pupae.

The LD-50 and LD-95 values that were published

earlier [4] had been estimated by eye from
dosage-mortality curves drawn on logarithmic-probability
paper. Subsequently Daum developed a computer program for
Logits [5]. This was used to calculate values for the
LD-50 and LD-99.9968 which were subsequently published
[6]. Since then, Daum considered the conditions under
which logit analysis minimum chi square, logit analysis
maximum likelihood, and probit analysis maximum likelihood
are appropriate and concluded that "if the doses were
distributed symmetrically about the 50 percent response
and the responses were between 10 and 90 percent, the
three computer programs gave LD-values and confidence
intervals that were biologically equivalents" (personal
communication). He continued: "The maximum likelihood
procedures, however, differ from the minimum chi square
procedure in the method of handling extreme responses
(i.e. zero and 100 percent). With minimum chi square
procedure \n or 1-^n is substituted for 0 and 100 percent
response, respectively (Berkson 1951) [7]. This

63



substitution has considerable intuitive appeal and

represents a practical solution to a difficult problem.
The maximum likelihood procedure are iterative because the

proper weights are determined by the fitted regression

line and the fitted regression line depends upon the

weights. Computational procedures are inherent in the

maximum likelihood procedures that quickly achieves

convergence (judged by difference in last and next-to-last

slope values of ± .00005). Therefore, for extreme

observed responses, values slightly greater than zero

percent or slightly less than 100 percent may be

substituted to obtain the first estimate of the regression

line, thereafter, the observed responses are substituted

back into the data and iteration proceeds until

covergence. These two methods can obviously produce

significantly different LD-values and their confidence

limits, especially if the expected responses would be very

small or very large."

"In the original logit analysis, because an average

check value (natural mortality) for a line was used, a few

extreme responses resulted. This may have influenced the
LD-values and their confidence limits even though the

maximum likelihood procedures were employed." Since there

was some question regarding the validity of the

statistical analysis used [6] and since a robust

generalized probit analysis program was readily available,

Daum recalculated the LD-values and their fiducial limits
for hatch of irradiated eggs and emergence of adults from

irradiated eggs, larvae or pupae. These data, as

recalculated by Daum, are summarized in Tables 4, 5, and

6.

In general, the recalculated values for effects of

radiation on hatch of eggs (Table 4) and emergence of

adults (Table 5) were slightly lower than the original

values published in Tables 1 and 3 of reference [4].
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However, the computer was not able to calculate values for
5 of the sets of data, giving a non-significant

regression. The advantage of using the recalculated data,

is evident in Table 6, which presents the probit 9 dose

required to give quarantine security (99.9968% mortality)

for use of gamma radiation as a treatment for these
species. In Table III of reference [6], Daum had been

unable to compute values for most of the sets of data, and
the values that were calculated, were much higher than

those that he calculated using this method. The max.

LD-99.9968 obtained for emergence of adult flies from
irradiated eggs or larvae has been recalculated to be 8.7
krad, compared to 26.8 previously obtained [6].

This research [4] demonstrated that exposure of
immature stages of three species of fruit flies in Hawaii

to gamma radiation would prevent emergence of adults from
irradiated eggs, larvae, or 1 to 3-day old pupae. It was
found that low doses of radiation (10 krad) did not always
result in immediate kill of eggs or larvae but did prevent

ultimate emergence of adults. It showed that doses in

excess of 100 krads were required in order to prevent

pupation of mature larvae. A higher dose was required to

prevent egg hatch or adult emergence if eggs or larvae
were irradiated in water, nitrogen or carbon dioxide [4].
These studies also showed that there were some differences

between species in that melon fly was more resistant to

the effects of gamma radiation than the oriental fruit
fly, and Mediterranean fruit fly was the most susceptible
of the three species [4].

In addition to conducting research on eggs and larvae
in rearing medium, tests also were conducted on infested
papayas. Fruit for this research was placed in cages
containing each of the 3 species of fruit flies for from

2-4 days, held for 3 or more days for larval development
and subsequently exposed to gamma radiation at from 2.5 to
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40 kR [8]. Fruit were treated 2-4 at a time in a 416
curie cobalt-60 source. Results of experiments conducted
during 1957 and 1958 have been abstracted from the
original data and are summarized (Table 7). In these
tests, one oriental fruit fly and two Mediterranean fruit
fly adults emerged from papayas that produced a total of
47534 fruit fly pupae. The two Mediterranean fruit flies
emerged from fruit that had been infested by melon flies,

indicating that this probably resulted from contamination

of the fruit after treatment. Using Damn's computer
program, as modified for a Wang MVP minicomputer, we
calculated the dosage mortality curves for adult

emergence, based on the survival of puparia in the
untreated control papayas. These analyses showed that an
applied dose of 13 kR would give quarantine security

(99.9968% mortality) for these three species of fruit

flies. Balock continued this research through 1962,

mostly with fruit infested by oriental fruit fly larvae

and published the data from the completed experiment [8].

He reported emergence of another oriental fruit fly, for a

total of two, from papayas treated at 10 kR. He estimated

quarantine security for adult emergence at 20.6 kR.
Review of these data show that no adjustment was made for
mortality at the time of pupation. Making this adjustment
resulted in quarantine security at 16.7 kR.

Seo et al. [9] expanded these studies using two
larger irradiators, the 30,000 Ci Hawaii Research
Irradiator (HRI) and the quasi-commercial 108,000 Ci
Hawaii Development Irradiator (HDI). Their results showed

some survivors, which they related to density of the
packaged fruit. They proposed increasing the dose to
between 20.9 and 29.1 krad depending upon thicknesses

between 1.47 and 3.14 g/cm2.
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4. RESEARCH ON IRRADIATION OF OTHER SPECIES OF
FRUIT FLIES
Since 1960, there have been numerous studies

throughout the world to determine the effects of gamma
radiation on various species of fruit flies. Some of

these have had as their objective to develop data in
support of a proposed quarantine treatment, while other
have been basic studies on the effects of irradiation on

insect development.
Research on immature stages of the Mexican fruit fly,

Anastrepha ludens (Loew) was conducted by Benschoter and
Telich [10]. In their studies, they exposed naked 1 day
old eggs or mature larvae, to gamma radiation from a 1500

Ci cobalt teletherapy unit at a dose rate of 140 R/minute.

They reported that exposure to 1.5 kR resulted in 95.39%
mortality of egg hatch and 99.52 mortality of larvae based
on adult emergence. Using Daum's probit program, I
calculated the quarantine security (99.9968% mortality) to
be 5.9 and 2.2 kR, respectively, for egg hatch or adult
emergence from larvae. They suggested that a quarantine

treatment might be based on the minimum dose required to
prevent normal development.

Macfarlane [11] found that the effect of gamma
radiation on immature stages of the Queensland fruit fly,
Dacus (Strumeta) tryoni (Froggatt) was similar to that

found for Mediterranean fruit fly by Balock et al. [4].
He suggested a dose of 5 krad as a quarantine treatment
for fruit infested with the Queensland fruit fly. He
found that although 2 krad would prevent hatch of eggs
irradiated at 2-5 h age, 8 krad did not completely prevent
hatching of 20-27 h old eggs. However, no adults emerged
from eggs given 2 krad. He also found that 10 krad did
not prevent pupation of larvae treated in medium, when 3,

5 or 7 days old, but 2 krad did prevent adult emergence of
such larvae as well as 1 to 3 day old pupae. No adults
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emerged from 14480 pupae treated as larvae in medium
compared to 9 adults from 5390 pupae treated as larvae in
apples or oranges.

Shipp and Osborn [12] studied the effects of
irradiation on Queensland fruit fly pupae and reported
that nearly all of the adults that might emerge from any
pupae treated at 5 krad would be sterilized. They

suggested a dose of 10 krad in order to provide an
adequate quarantine commodity treatment to prevent spread
of this species in event that older pupae might be present
in cartons of fruit if there were a delay in treatment.
Eric et al. [13] irradiated 6000 eggs and 20,000 3 day old
pupae of the Queensland fruit fly in order to demonstrate
that it would be effective as a quarantine treatment for

infested bananas. They also treated 70,000 4 day old
pupae at 20 krad. None of these pupae produced adults.

Hossain and Hamid [14] irradiated older larvae of the
mango fruit fly, Cheatodacus ferrugienus F. taken from

infested fruit and placed in petri dishes containing mango
flesh. They noted that no adults emerged from larvae

treated at 2 to 5 krad, but adults emerged sooner from
larvae treated at 1 krad than from the controls.

Bughio et al. [15] reported on the effects of gamma
radiation on eggs of Dacus zonatus (Saunders). They found
that 4 to 5-h-old eggs exposed to 4 krad did not hatch.
Hatch of older eggs was reduced but not prevented by 12

krad, the highest dosage tested. No normal adults emerged
after irradiation of 23-24 or 29-30 h old eggs at 4 krad.
Pupation of larvae developing from such eggs that had been
treated at 12 krad was reduced by greater than 50% and the
duration of the larval period was extended by as much as 7

days. Activity of irradiated larvae was sluggish.

Thomas and Rahalkar [16] studied the effects of gamma
radiation from a cobalt-60 source on oriental fruit fly
and melon fly eggs, larvae and 3-4 day old pupae in India.
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They reported that larvae or larvae developing from eggs
exposed to 15 or 25 krad were sluggish and had a reduced
growth rate when compared to those from untreated eggs or

larvae. The larvae were reared on semiripe mangos or
pumpkins, respectively. No adults emerged from eggs,
larvae or pupae treated at 15 krads. They suggested
recommendation of a 25 krad dose for quarantine purposes,
since it would be effective against the mango weevil and
would delay ripening of mangoes.

Cavalloro and Delrio [17] determined the biological
effects of gamma radiation on various stages of the olive

fly, Dacus oleae Gmelin, as well as the Mediterranean
fruit fly. They found that there were no significant

differences in effect of radiation on larvae of the olive
fly and those of the Mediterranean fruit fly. However,
eggs and older pupae of the olive fly were slightly more

resistant to radiation effects than comparable stages of
the Mediterranean fruit fly and three-day-old pupae of the
olive fly were slightly more susceptible, possible due to

differences in the rate of development. They determined

that the LD-95 to prevent hatch of irradiated olive fly
eggs was 0.85, 1.54 and 49 krad for 0.5, 18 and 36 h old
eggs, respectively, compared to 0.85, 1.21 and 42 krad for
similar Mediterranean fruit fly eggs. They found that
exposure of eggs to 1.8 and 1.5 krad prevented adult

emergence of olive fly and Mediterranean fruit fly,

respectively. The LD-95 for adult emergence of mature
larvae exposed to irradiation was 2.5 and 2.36 krads for
olive fly or Mediterranean fruit fly, respectively. In a
subsequent study [18] they reported on the effects of fast
neutron radiation on immature stages of the Mediterranean
fruit fly. They found that 0.76 krad prevented pupation
of treated eggs. Pupation of first instar larvae treated

at this dose was reduced and no adults emerged. Mature
larvae treated at 1.5 krad pupated but adult emergence was
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reduced, and surviving adults were unable to mate. They
concluded that the general effects were the same from
gamma radiation and from fast neutrons but neutrons were
much more effective at a given dose.

Recently research has been initiated on the effects
of gamma radiation on the Caribbean fruit fly, Anastrepha

suspensa (Loew). This species is of quarantine importance
since Japan requires fumigation of grapefruit, and other
host fruits originating in Florida, USA. Results of these
tests have shown reduction of pupation after exposure of

infested fruit to doses above 3.75 krad and no adult
emergence at 10 krad or above [19].

This has not been a complete account of research on
the effects of gamma radiation on immature stages of fruit

flies of potential quarantine importance. There have been
extensive basic studies on effects of irradiation in

several laboratories, especially France, Philippines,

India, Pakistan and elsewhere. In general, these studies

support the view that irradiation will prevent emergence

of adult fruit flies of quarantine importance at a dose

level between 10 and 20 krad.
5. RESEARCH ON IRRADIATION OF OTHER PESTS OF QUARANTINE

IMPORTANCE

As noted previously, there are a number of other

insects and mites of quarantine importance to various

countries. Some of these species have been studied from
the quarantine aspect. A few of these will be discussed

briefly.

The mango weevil, Cryptorhynchus (Sternochetus)
mangiferae (F), is a pest of mangoes in Hawaii, Guam and
mango growing area throughout the world except for the

Americas [20]. In Hawaii, as elsewhere, the newly hatched
larvae burrow through the flesh, to the seed, where it

develops, pupates, and emerges as an adult. This is in
contrast to another species, Sternochetus frigidus
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Fabricius, which feeds and pupates in the pulp [21]. Seo
et al. [22] determine that a dose of 20.6 and 32.9 krad
gamma radiation from a cobalt-60 source would eliminate

all viable stages of the mango weevil in fiberboard
cartons at absorber thicknesses of 2.56 and 4.27 g/cm2,
respectively. Any adults surviving such treatments were

sterile. Milne et al. [23] reported that doses above 50
krad resulted in 100% mortality of larvae and pupae and
that adults surviving treatments at or above 75 krad were

inactivated and unable to emerge from the seed.
Although the codling moth, Cydia pomonella (L.), has

a wide distribution, it is not found in a few areas, such
as Japan and Korea. Therefore, host fruit are prohibited
from entrance into these countries. Unpublished research
at Yakima, Washington, USA, has demonstrated that gamma
radiation is a potential quarantine treatment for codling
moth larvae. The few adults that emerged from diapausing
larvae exposed to 12 krad were unable to fly.

Mites are a serious quarantine problem since adults
as well as immature stages may be present on fruit and low
populations may escape detection. Beavers et al. [24]

showed that male and female citrus red mites, Panonychus
citri (McGregor) on lemons, were sterilized when exposed

to 24 and 32 krad, respectively, from a cobalt-60 source.
Henneberry [25] obtained similar results, when he treated

male and female two-spotted spider mites, Tetranychus
telarius (L.), at 24 and 32 krad. Thus, it would be
feasible to consider use of irradiation as a quarantine
treatment for mites infesting fruit.

6. PHYTOTOXICITY OF IRRADIATION TO FRUIT

During the past 30 years, there have been many
studies on the effect of gamma radiation on fresh fruits
and vegetables. Major projects in the USA have been

undertaken at the University of Florida, Gainesville,
Florida; University of California, Davis, California;
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University of Hawaii; State Department of Agriculture,
Honolulu, Hawaii; Michigan State University, East Lansing,
Michigan, in cooperation with the Atomic Energy

Commission, Department of Agriculture, and the US Army.
Most of these studies have been conducted on fruit treated

in excess of 100 krads in an effort to control decay
organisms. For our purposes we are concerned primarily

with treatments below 100 krad and with papayas, mangoes,

citrus and other fruit involved in quarantines.

Dennison and his coworkers have conducted extensive

studies on the effects of irradiation on various types of

citrus. They found that there was an increase in peel
injury when fruit were irradiated at 100, 200 or 300 krad

and stored for 7, 14 or 21 days at 40 or 70°F [26]. The
severity of this type of injury increased with higher

dosage, longer storage and higher temperature. They found
that peel injury could be reduced by storage at 2°C alone
or in combination with a hot water dip of five minutes at
53°C [27]. In their review [28], they noted work by Maxie

et al. [29] on the effects of gamma irradiation on

ethylene production, browning and other factors.

Recently, research was conducted on the effects of

radiation from different sources on grapefruit in Florida

[19]. In these studies fruit were exposed to 25 or 50
krads of X-rays, using an electron beam with a tungsten

converter from the LINAC (linear accelerator) source at
Natick, Mass, or exposed to either 25 or 50 krads from a

cobalt-60 source or to from 30 to 60 krads from a
cesium-137 source at Sandia Laboratories in Albuquerque,

New Mexico. The fruit were returned to Florida and held
at USDA laboratories in Winter Haven or Orlando for

analyses and observations. These tests showed that after

the treated fruit had been stored for 4 weeks at either 10
or 15°C, there was a higher incidence of scald and decay,
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which was more pronounced after the fruit was held for an
additional week at 21°C. The button of treated fruit also
had a black necrotic injury. Taste panels found that the
taste or odor of pasteurized juice samples and fresh fruit

sections from some treatments had detectable differences

from other treatments or controls. Irradiation reduced
vitamin C content of fresh juice from some treatments but

did not seem to affect oil and acid content significantly.
In this study, analyses of peel of irradiated and
untreated grapefruit did not show significant quantitative
or qualitative differences in major volatile constituents.

The compound 6,7-dimethoxycoumarin, found by Riov [30] in
the extracts of the flavedo (external colored peel layers)

of grapefruit irradiated with gamma rays at 300 and 400

krads, was not found in any peel oil from these irradiated
samples.

Papayas have been studied intensively in Hawaii as
part of a project to develop background information on
tolerance and shelf life extension, as related to

potential use of gamma irradiation for disinfestation of

papayas. Dollar et al. [31] reported finding no

significant differences in total soluble solids, dry

matter, reduced ascorbic acid, color, or texture. The

shelf life of irradiated papayas was equal to or better
than non-irradiated fruit since softening was delayed by

this treatment. Moy et al. [32] reported similar results
when papayas irradiated in Taiwan and Venezuela were
compared with those from Hawaii, especially when combined
with a 20 minute hot water treatment at 49°C. Brodrick et

al. [33] obtained an extension of 9 days in marketable
life of papayas given a hot water treatment followed by
irradiation at 75 krad. Akamine and Goo [34] and Thomas
and Beyers [35] have conducted detailed studies of changes

in papayas resulting from gamma irradiation and have

73



concluded that these changes are not significant when
compared with normal changes during ripening.

Recent studies showed that irradiation caused dark

sunken areas on mangoes in Florida [19]. The degree of
such injury increased with dose from 25 to 150 krad. This

injury was similar to that reported by Sreenivasan et al
[36]. They indicated that coating the fruit with 6%
emulsion of an acetylated monoglyceride or treating fruit

in nitrogen would reduce the skin discoloration. Akamine
and Goo [37] reported that surface scald occurred in
irradiated mature green 'Haden' mangoes and in more mature

fruit that was refrigerated and irradiated at 75 or 100

krad.

7. DEVELOPMENT OF AN IRRADIATOR FOR QUARANTINE PURPOSES.

In developing equipment to be used for irradiation as
a quarantine treatment there are certain constraints to be
imposed. Foremost is that the minimum amount of radiation
reaching any insect within the load must be greater than
the dose required for quarantine security. In the case of

fruit flies this would be the dose required for 99.9968%

mortality under the conditions of treatment. The maximun
dose for fruit being treated should not exceed 100 krad.

Theoretically fruit could be treated in a single
layer as part of a packing operation or packaged in
fiberboard cartons, each weighing from 8 to 20 kg,
depending upon type of fruit. The fruit could be treated
in water on the packing line or in air or nitrogen.

Packaged fruit could be treated in single cartons or on
pallets of up to 54 or more cartons.

Fruit shipments may be seasonal or on a year round
schedule. In Florida, the grapefruit shipping season
could extend from October until June. In Hawaii, papayas
may be shipped almost year round. Mangoes shipments in
Florida would be limited from June to August. Treating
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grapefruit at a minimum dose of 25 krad in Florida would
require irradiators having a capacity of as much as 2
million kg per day at each of 4 or more locations.
8. STATUS OF PROPOSED QUARANTINE USAGE OF RADIATION IN

USA.
In the USA, food irradiation is considered to be a

food additive, and is subject to regulation by the FDA

[38]. In 1968, the Atomic Energy Commission (AEC) in
cooperation with USDA initiated action to develop a
petition for a proposed food additive to permit use of

gamma radiation to disinfest papayas as a quarantine
treatment. At that time FDA required a two year feeding
study. Dogs, white mice and albino rats used in this

toxicological study were to be fed irradiated papaya in
their laboratory diet on a 15% by weight basis. In 1974

the completed petition was to be prepared for review.
Problems encountered with the contractor for the feeding
studies resulted in a delay in further processing of the
petition and it has not been officially submitted to FDA
for review. ..

Late in 1980, a new petition was drafted by USDA,
proposing an exemption from the requirement of a tolerance

for radiation treatment of insect pests as a postharvest
use on all agricultural commodities. This petition is now
being reviewed prior to transmittal to FDA. For these

purposes, the petition considered gamma rays emitted by
either a cobalt-60 or cesium-137 sources, which would be
used to penetrate a commodity and either sterilize or kill

any insect pests present, at a dose of 20 to 50 krads.
Pests covered by the petition would include stored-product
pests infesting commodities after harvest as well as those
that infest commodities before harvest but remain after
harvest such as Mediterranean fruit fly, Caribbean fruit

fly, melon fruit fly, oriental fruit fly, Mexican fruit
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fly and Mango seed weevil. All raw agricultural
commodities, as well as dried or processed agricultural
commodities would be included. The petition would permit

shipment of agricultural commodities into the continental
United States from areas where these insect pests of
quarantine importance occur. Evidence is presented that

gamma radiation at these levels would not impart any

toxicological properties to the commodity and there would
be no abnormal factors or residues remaining after

treatment.

In March, 1981, FDA published proposed procedures for

regulation of irradiated foods for human consumption [39].
The following actions were to be considered:

1. Proposal of a regulation on the

Commissioner's initiative under section 409 and
other provisions of the act permitting

irradiation of any food at a dose not exceeding
100 krad. FDA is initially considering

monitoring food irradiation at such a dose by a

registration process. Alternatively, FDA is

also considering requiring a limited petition

that demonstrates the intended technical effect

of the process but without the additional safety

date that would ordinarily be required to

support a food additive petition.
2. Publication of guidelines for the

preparation of petitions seeking FDA approval

for food irradiation at a dose exceeding 100
krad.

3. Adoption of a policy that a food class
comprising only a minor portion of the daily
diet and irradiated at a dose of 5 Mrad or less
may be considered safe for human consumtion
based upon minimal biological testing.
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These actions were based on the following
recommendations made by their Bureau of Food's Irradiated
Food Committee:

a. Food irradiated at doses of 100
kilorads (krad) or less will be considered

wholesome and safe for human consumption,

b. Food irradiated at doses exceeding 100
krad will be subject of a battery of four
short-term mutagenicity tests and two

90-day feeding studies (one rodent, one
nonrodent mammalian species),

c. A food class comprising no more than

0.01 percent of the daily diet and
irradiated at doses of 5 megarads (Mrad) or

less will be considered safe for human
consumption without toxicological testing.

In event that this action is taken, it would clear
the way for petitions to permit use of irradiation for
quarantine treatment of commodities subject to infestation

by fruit flies in the USDA. We expect that the new
petition will be submitted to FDA and action will be taken
in the next 12-18 months for approval of the treatment.

Recently the EPA has considered action to restrict

use of EDB as a fumigant for quarantine purposes, possibly
by July 1, 1983. One of the alternatives to EDB proposed

by EPA is use of gamma irradiation as a quarantine
treatment. In response to this proposal, a series of

meetings have been held in California and Florida to
identify problems that exist, if gamma irradiation is
indeed a viable alternative to fumigation for fruit
infested with Caribbean fruit fly or Mediterranean fruit
fly larvae.

Some of these research needs are:
(1) Determine adverse effect of susceptible to
fruit fly infestation.
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(2) Design of an irradiation unit capable of

handling commercial sized loads within required

parameters.
(3) Shipping and storage tests to determine
physiological effects of irradiation on commodi-

ties.
(4) Dosage mortality tests to determine efficacy
of irradiation under quasi-commercial quarantine

operations.

Cooperative efforts will be needed between Federal and

State research and regulatory personnel and industry in
order to solve these problems.
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Table 1.--Effect of exposure of immature
oriental fruit flies to 10 krad gamma radiation
on development.

Development completed (%)—
Stage Egg
irradiated hatch
Eggs (hours)

15 0
25 99.8

Larvae (days)
1
2
3
4
5

Mature

Pupae (days)
1
2
3
4
5
6-10

Larval Adult
pupation emergence

__
13.2 0

61.3 0
93.2 0
93.8 0
86.0 0
99.1 0
100 0

0
0
0
8
92
100

a/Percent of irradiated stage completing
development to this point, corrected for
development of untreated controls.

81



Table 2.--Effect of gamma radiation on fruit fly egg hatch
_____________Mortalityq)-/_____________
Eggs exposed to 3 krad

Age of Oriental Med.
eggs Melon fruit fruit
(hours) fly fly fly

Eggs exposed to 30 krads
Oriental Med.

Melon fruit fruit
fly fly fly

0
5
10
15
20
25
30
35
40
45
50

100 100 100
89.2 98.8 99.97
90 99.7 100
18 96.5 100

< 5 <• 16 99.7
hatch — 30.6

< 20
hatch < 2

--
--
hatch

54.8 b
24.7 91.9 b
hatch 32.3 < 99

29.5 99.7
hatch 84.0

19.4
< 11
hatch

a/— Percent eggs not hatched, corrected for control mortality.
- Exposure to less than 15 krad gave 100 % mortality.
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Table 3.-- Effect of gamma radiation on emergence of adult
from treated immature fruit flies.

Mortality(%) when exposed to
Age
(days)

Eggs
1
2

Larvae
1
2
3
4
5
6
7

Pupae
1
2
3
4
5
6-10

Melon Oriental
fly fruit fly

68.7 100.0
hatched hatched

42.8 94.9
53.4 97.7
32.7 95.2
14.4 89.1
25.2 72.3
19.5 72.7

15.1

83.6 99.5
73.1 99.2
19.1 76.8
b 1.0

b

3 krad-7
Mediterranean
fruit fly

> 97.
> 98.

> 98.
> 99.
99.
99.

> 96
99.
77.

100.
100.
99.
35.
7.
b

2
4

7
1
9
8

2
7

0
0
2
6
7

a/— Mortality based on emergence of adults developing
in treatment compared to number in untreated comtrols.

— No appreciable mortality of more mature pupae
when exposed to 3 krad.
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Table 4.-- Gamma radiation require to prevent hatch, of

fruit fly eggs—____________________________________

Ages of Dosage Required (krads) to prevent hatch of eggs

eggs Melon fly Oriental fruit fly Med fruit fly
(hours) LD-50 LD-95 LD-50 LD-95 LD-50
0

5
10

15
20

25
30
35
40

45

0.490 1.133 0.497 1.127 0.463
2.001 3.238 1.492 2.278 0.650
1.670 3.026 -/ -/ 1.297
19.814 114.412 0.769 2.592 0.727
50.030 97.985 16.154 25.607 -/
hatch hatch 24.338 46.890 4.741

44.264 93.587 13.227
hatch hatch —

35.341

65.415

LD-95
1.100
1.377
1.693
0.937

b>

15.482
33.496

b>

63.264
115.416

a/— Number of eggs irradiated: Melon fly, 33.201;

Oriental fruit fly, 70,797; Medfly, 79.072.

— Non-significant regression.
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Table 5.-- Gamma radiation require to prevent emergence of
a/adults from irradiated eggs , larvae and pupae-

Ages of Dosage Required (krads)
eggs Melon fly
(hours) LD-50
Eggs

1
2

Larvae
1
2
3
4
5

6

Pupae
1
2
3
4
5
6
7
8
9
10

2

2
2
2
3
2

2
2

7
24
36
56
74
86

.435
—

.723

.607

.907

.242

.901
—

.352

.372
b/

.542

.034

.915

.743

.995

.054
--

LD-95

3.

4.
4.
4.
4.
3.

2.
3.

/

27.
36.
55.
78.
117.
107.

166
—

279
277
323
358
767
--

934
468y
412
430
724
100
566
650
--

Oriental
LD-50

1

1
1
1
2
2
2

1
2
2
5
16
21
29
42
71
87

.576
--

.766

.631

.895

.063

.408

.403

.872

.066

.327

.172

.123

.688

.799

.463

.915

.128

to prevent
fruit fly
LD-95

2.369
--

2.549
2.334
2.541
3.308
3.125
3.087

2.223
2.493
3.496
11.303
23.679
31.399
44.122
58.292
101.721
112.369

adult emergence
Med fruit fly

LD-50

1
1

1
1
1
1

1

1
1
1
3
13
21
30
39
51
71

.077

.480

.170

.350

.419

.459

.645

.250

.071

.196

.602

.189

.845

.749

.297

.265

.130

LD-95

1.
2.

1.
1.
2.
2.

2.

1.
1.
2.
14.
22.
33.
45.
51.
84.
90.

707
092

654
800
032
Oilk/
257

651
508
022
004
464
875
775
588
315
808

a/— Population irradiated:

Melon fly
Oriental fruit fly

Eggs
4,495
11,185

Larvae
26
58

,330
,573

Pur
40
64

pae
,200
,200

Medfly

— Non-significant regression.
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Table 6.—Calculated dose of gamma irradiation
(krad) required to give 99.9968% mortality
for adult emergence from eggs, larvae and pupae

Dose required for LD-99.9968 (krad).
Age
(days)

Eggs
1
2

Larvae
1
2
3
4
5
6

Pupae
1
2
3
4
5
6
7
8
9
10

Melon
fly

4.6
—

8.6
8.7
7.6
6.7
5.5
—

4.0
6.0
i/

173.9
66.1
100.5
123.4
223.8
148.3
--

Oriental
fruit fly

4.2
—

4.3
3.9
3.9
6.5
4.5
4.4

2.8
3.3
6.3
34.6
41.1
53.3
77.4
91.8
167.1
161.7

Mediterranean
fruit fly

3.3
3.4

2.7
2.7
3.4
3.2
i/

3.5

2.5
2.5
4.3
97.9
48.2
63.5
80.9
76.2
171.9
128.8

a /— Non-significant regression.
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Table 7.--Effect of exposure to gamma radiation on pupation
and emergence of fruit flies from infested papayas_______

________________Morality(%)________________
Pupation Adult emergence—'b/

a/Dosage— Melon
(kR) fly

2.5
5.0
7.5
10.0
20.0
40.0

30
58
87
75
40
87

.2

.6

.4

.3

.3

.8

Oriental Med.
fruit fruit
fly fly

11.
37.
15.
59.
67.
95.

.0

.0

.6

.4

.0

.6

91
71.
90.
90.
88.
99.

.6

.5

.0

.4

.4

.7

Melon
fly

62
96
100
100
100
100

.1

.2

.0

.0

.0

.0

Oriental
fruit
fly

68.1
97.2
100.0
99.0
100.0
100.0

100
99
100
99
100
100

Med.
fruit
fly

.0

.8

.0

.0

.0

.0

— Applied dose, not corrected for absorbtion by fruit.
— Corrected for mortality in controls. Population tested
consisted of 29,414 melon fly, 48,707 oriental fruit fly,
and 40,930 Mediterranean fruit fly pupae.

Table 8.--Calculated dose of gamma irradiation (krad)
required to give 99.9968% reduction of adult fly

a/emergence—
Stage
irradiated
(age)
Eggs
1/2 h
18 h
36 h

Larvae
1st instar
mature

Papae
3 day

Dose (krad)
Olive fly

4.6
2.1
NS

3.7
4.0

27.6

required for LD 99.9968
Med fly

25.3
2.8
NS

3.2
3.7

22.1

87



REGULATORY CONTROL OF AND INTERNATIONAL TRADE IN
IRRADIATED FOODS

L.G. LADOMERY
Joint FAO/WHO Food Standards Programme,
Food and Agriculture Organization of the United Nations,
Rome, Italy

Parameters which are likely to be subject of national
regulations and whioh relate to the irradiated food are
discussed from a point of view of facilitating inter-
national trade and of consumer protection. A critical
examination is made of the need for and feasibility of
legal control of the various parameters. Current inter-
national work in the field of irradiated foods is
briefly discussed.

1. INTRODUCTION

The purpose of this paper is to provide an overview of action
taken at the international level in order to ensure the safe and
effective use of ionizing radiation in the processing of food
leading to a wholesome food suitable for human consumption. As
irradiated foods are likely to be a significant item in international
trade in the not too distant future, special emphasis is placed in
this paper on those parameters where international harmonization of
regulatory control of irradiated foods seems necessary in order to
ensure health protection and an unimpeded movement of such foods in
international trade. Reference has been made to existing reports
of the various international bodies involved in making recommenda-
tions to Governments in drawing up their regulations in a harmonized
manner in order to achieve the above aims.

As irradiated food products moving in international trade will
be subject to inspection, international efforts have been directed
to those parameters which are product related, as well as to para-
meters the control of which is feasible on the end product either
directly or indirectly. This is not to say that other aspects such
as the production, sale, transport and use of radioisotopes, their
disposal or the safety of operators should assume a secondary im-
portance in national regulations. Such aspects will be undoubtedly
subject to control at the national level.
2. PRODUCT RELATED PARAMETERS REQUIRING INVESTIGATION

AND/OR CONTROL
2.1 Radiolytic Products

As the application to food of ionizing radiation from radio-
isotopes or from machine sources represents an input of energy into
the food, efforts have been directed at identifying and quantifying
any radiolytic products formed in foods thus treated. An under-
standing of the nature and quantity of products formed in food
following irradiation was thought to be necessary to establish
the safety of irradiated foods in conjunction with toxicological
testing using laboratory animals. (1)

L.G. Ladomery, PhC MSc PhD, Joint FAO/WHO Food
Standards Programme, FAO, Rome, Italy.
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In view of the fact that it would be impossible even to
contemplate drawing up legal provisions in terms of radiolytic
products in irradiated foods, there would appear to be no alter-
native but to specify any legal provision concerning irradiated
foods in terms of absorbed dose of radiation. Such provision,
however, cannot be related directly to the food moving either in
national or international trade. From a legal point of view, there-
fore, various options are open: e.g., (a) authorization of the food
irradiation process on a food by food basis, using the overall average
absorbed dose to which foods have been subjected in toxicological
testing (see section 3.2) as a scientific (i.e., not mandatory)
measure of wholesomeness; (b) prescribing a legal (i.e., mandatory)
upper limit of absorbed dose, leaving the practical process of irra-
diation to self regulation by "good irradiation practice"; or (c) a
combination of such prescriptions.

Whatever legal approach will be adopted by Governments, it seems
that there will be a need to agree internationally on the wholesome-
ness of irradiated foods up to a certain defined level of absorbed dose
of radiation and to secure means of ensuring that such an absorbed
dose is not exceeded.
2. 2 Induced Radioactivity

Another parameter to be considered in ensuring the wholesomeness
of irradiated foods is the prevention of the formation of induced radio-
activity following the use of isotopic or machine sources under practi-
cal conditions. In this respect, it is relevant to consider the
isotopes and machine sources most commonly available, since it is the
energy level of the radiation applied to food which determines safety
in this respect and since at energy levels relevant to the practical
application of ionizing radiation to food the induction of radio-
activity in irradiated foods is of no significance. (1)

From a legal point of view, it would be possible either (a) to
specify upper energy limits for electrons, gamma rays and X-rays
leaving the choice of suitable isotopes open, or (b) to specify upper
energy limits for electrons and X-rays and to limit isotopes to say60Co and '37Cs, the energy levels of which are known to be acceptable.
Internationally, the second approach under (b) has been chosen with an
upper energy level of 5 MeV for X-rays and 10 MeV for electrons
generated from machine sources. (2) As the only suitable isotopic
sources are, in fact 60Co and 137Cs, the difference between these two
approaches is purely a matter of legal drafting.
2.3 Effects on the Nutritional Quality of Irradiated Food

The acceptability of the application of the irradiation
process to food and feed also depends on an investigation of the
nutritional quality of irradiated foods. For this reason, much effort
has been devoted to the study of the fate of essential nutritional com-
ponents of food (e.g., proteins, amino-acids, vitamins, etc.). The
results of research carried out so far have shown that doses
applied under practical irradiation conditions do not result in a
significant impairment of nutritional quality of food. (1)

From a regulatory point of view, all that can be done inter-
nationally is to recommend that the process of irradiation be regarded
as acceptable from a nutritional point of view below the maximum level
of absorbed dose studied experimentally in wholesomeness testing. It
should be observed here, however, that the consideration of nutritional
aspects in relation to specific foods, which constitute a considerable
proportion of human diet, is a matter also for national nutrition
policy based on considerations of local dietary conditions. This may
perhaps result in some countries imposing restrictions on irradiation
with respect to given food(s) consumed locally. Scientific data avail-
able to international bodies such as IFIP(14), FAO and IAEA would
assist Governments in handling nutritional problems which may arise.
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2.4 Microbiological Aspects
This problem can be divided into two components: (a) general

considerations such as the formation of irradiation induced mutations
and radiation enhanced pathogenicity of foodborne microorganisms,
especially at low- and intermediate-dose irradiation; and (b) a con-
sideration of the hygienic aspects of individual irradiated food commo-
dities, including post-irradiation storage conditions.

Following extensive research, it would seem that any concern
about the general considerations outlined under (a) above, can be put
to rest (1) and, from a regulatory point of view, it can be concluded
that irradiation does not represent special microbiological problems
under practical "good irradiation practices". Similarly, as regards
the hygienic quality of individual irradiated foods, the situation does
not seem to be different from that resulting from the application of
other physical processes such as heat treatment.

From a regulatory point of view, therefore, the application to
irradiated foods of the same hygiene provisions which govern un-irra-
diated foods would seem to be appropriate. In other words, any inter-
national codes of hygienic practice would apply equally to irradiated
and un-irradiated foods. This means that the onus should be on
industry to investigate specific applications of the irradiation pro-
cess in the light of existing criteria relating to food hygiene in
order to ensure that irradiated foods, like un-irradiated foods, are
of acceptable hygienic quality. This does not mean, however, thatwhere ionizing radiation is used to overcome a particular problem of
public health concern relating to hygiene, authorities should not
evaluate evidence of the efficacy of the proposed process.
2.5 Efficacy of the Irradiation Process

As irradiation is carried out for a specific technological
purpose such as sprouting inhibition, insect disinfestation,
ripening delay (at low dose applications of up to 1 kGy), reduction
of microbial load, reduction of the number of non-sporing pathogenic
microorganisms, improvement of technological properties of food (at
medium dose applications of about 1-10 kGy) and sterilization for
commercial purposes or elimination of viruses (at high dose
applications of about 10-50 kGy) (1), it can be said that food
irradiation, like other processes, will necessarily be self-regu-
lating. This is to be expected all the more since irradiated foods
will be subject to general regulations relating to food such as
regulations concerning plant quarantine, food hygiene and the pre-
vention of fraud. Furthermore, the food industry and food trade
will no doubt see to it that irradiated foods will have the proper-
ties which the process of irradiation was intended to impart to them.
The additional cost which irradiation will represent will be an
additional safeguard in this respect. Food, the quality of which
has been adversely affected by bad irradiation practices, will in the
long run be rejected by the consumer.

From a regulatory point of view, there are several approaches
possible to regulate efficacy. Starting from the most severe
possible approach to the most liberal one; examples of these are:
(a) specification of a range of mandatory minimum and maximum tech-
nological absorbed doses on a food by food basis; (b) a procedure of
authorization of the process on a food by food basis, following eva-
luation of technological data submitted by industry; or (c) a single
general requirement in law that "good irradiation practice" be
followed. All these approaches are subject to the maximum absorbed
dose found safe in wholesomeness testing.

In view of the self-regulating nature of the process and in
view of the fact that absorbed radiation dose cannot yet be verified
on the food moving in trade, it would seem appropriate to treat food
irradiation in a manner similar to the way other physical processes
are controlled under the law. In any event, it would not seem
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feasible to lay down strict legal specifications for technological
absorbed doses since they may not cover the variations in "good
irradiation practice" caused by parameters such as those relating to
the quality of the product to be irradiated or the design of the
irradiating facility. (13)

As regards technical guidelines concerning "good irradiation
practices" in relation to individual foods, the role of inter-
national organizations such as IAEA, expert international consulta-
tions, international irradiation projects, research at the level of
national institutes and industry will no doubt continue to play an
important role.
2.6 Repeated Irradiation

Repeated application of the irradiation process can be viewed
not only in the light of "good irradiation practice" but also in
the light of attempts at rendering an unacceptable food (previously
irradiated) fit for human consumption. It can also be viewed as a
possible inadvertent second application where the history of irra-
diation is not known at the time of irradiation.

On the assumption that the total absorbed dose found safe
in wholesomeness testing will not be exceeded and that the absorbed
dose applied each time will be no more than is required to achieve
the desired effect, repeated irradiation of foods could be con-
sidered as representing "good irradiation practice" in certain
situations such as say the control of insect reinfestation especially
in foods with low moisture content.(1, 2) On the other hand,
repeated irradiation of foods designed to render them fit for human
consumption by masking un-hygienic conditions of handling or contami-
nation with pathogenic microorganisms, following the first irradia-
tion, clearly cannot be considered valid reasons for re-irradiating
food and such a practice must be prohibited under the law.

As regards the possibility of inadvertant re-irradiation,
this can be easily avoided by ensuring that appropriate information
concerning the history of irradiation accompanies consignments of
irradiated foods moving in trade.

In all the three situations described above, it may have been
assumed that the irradiation process had been applied a second time
for the same technological purpose as the original one. There
exists, however, the possibility that a food which had been irra-
diated, say, to control insects is subsequently irradiated for public
health reasons. The possibility also exists that an irradiated food
is processed into another food by conventional methods and that the
processed food product is then irradiated for the same or for a
different reason, either as such or part of a composite processed
food product. It is a matter of discussion whether these situations
truly represent "repeated irradiation". (2)

It is clear that there is a need, especially at the inter-
national level, to agree on what represents "repeated irradiation"
and also to agree under what circumstances it can be authorized. In
any event, it would not seem appropriate to prohibit categorically
repeated irradiation of food under any circumstances in view of the
complexities of the situation outlined above.
2.7 Dosimetry

Careful dosimetry is required when applying ionizing radia-
tion to food both to ensure that a technologically useful dose has
been applied to all parts of the product to be irradiated, while main-
taining best possible dose uniformity ratio and upholding the
principle that the applied dose should not be higher or lower than
is needed to achieve the desired effect. (1,13) In addition, a
knowledge of the absorbed dose is needed in order to ensure that it
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does not exceed that which has been studied in wholesomeness tests
and demonstrated to be safe as outlined earlier. Clearly then,
dosimetry serves not only the purposes of irradiation technology but
also the purposes of health protection.

As perfect dose uniformity cannot be achieved, it must be
recognized that not all parts of the food will receive the same
absorbed dose. The onus can only be on the operators of irradiation
facilities to ensure that the technological purpose of irradiation
is achieved. While under-dosing a small part of the food may, in
certain circumstances, not have significant consequences (e.g., in
sprouting inhibition, shelf-life extention, etc.), the same cannot
be said when food is irradiated to eliminate pathogenic microorganisms
or to eliminate pests subject to quarantine regulations. (13) This
latter aspect is also true when other types of treatment such as
heating or chemical fumigation are employed.

The actual expression of absorbed dose following an appro-
priate method of dosimetry would seem to depend, therefore, on the
purpose the results of dosimetry are intended to serve. Clearly,
those engaged in industrial irradiation of food will wish to record
a range of absorbed dose in order to ensure that "good irradiation
practice" has been followed and will be followed in future applications.
A specification of average absorbed dose for future reference in an
irradiation plant would obviously not furnish sufficient technological
information. On the other hand, a knowledge of an "average overall
absorbed dose" calculated on the basis of an adequate number of dose
meters placed strategically and at random throughout the volume of
the irradiation run can give a practical indication that the food has
not been irradiated in excess of the maximum dose subjected to whole-
someness testing. This is so, since it can be assumed that all radia-
tion chemical effects within the dose range relating to such a safe
maximum dose are proportional to irradiation doses. (1)

3. LEGAL SPECIFICATIONS RELATING TO ABSORBED DOSE

The above considerations lead one to pose the question as to
whether regulations should specify absorbed doses which are mandatory
and, if so, for what purpose and how should they be expressed. The
question also arises as to whether the method of dosimetry should be
standardized at the international level and in what detail. As
mentioned above, it is necessary to draw a distinction between the ex-
pression of absorbed doses for technological purposes and for the
purposes of health protection. (13)
3.1 Technologically Useful Absorbed Dose

As discussed earlier, it can be assumed that food irradiation,
like irradiation of surgical materials and pharmaceuticals and other
physical processes such as UHT treatment or pasteurization of milk,
canning of food, is self-regulating. Given the difficulty in
specifying in the regulations generally valid technological ranges of
absorbed dose and given the limitations of the meaningfulness of speci-
fying an average technological dose to regulate "good irradiation
practices", it would not seem necessary to lay down mandatory absorbed
doses for individual foods in order to ensure the efficacy of the
process.

It could perhaps be argued, however, that it is feasible and,
in certain circumstances, desirable to specify minimum absorbed doses
which any part of a food should receive in order to ensure that the
food is wholesome from a microbiological point of view or that it is
acceptable in relation to existing plant quarantine regulations. It
is a matter of debate, however, whether such minimum absorbed doses
should be mandatory in law or should only be guidelines. It can
also be argued that it is not essential to specify them a. priori,
since the end product can, in any event, be checked on the basis
of microbiological criteria or for, say, insect infestation and
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since a knowledge of minimum absorbed doses alone are less informa-
tive in judging the acceptability of the food. These are questions
which will have to be discussed at the international level.
3.2 Establishment of Maximum Absorbed Doses in Relation

to Health Protection
In view of the fact that food irradiation is a relatively novel

process and that foods thus treated have been subject to extensive
wholesomeness testing up to a certain dose of absorbed radiation, it
is to be expected that Governments will wish to impose a mandatory
upper limit of absorbed dose based on such toxicological testing.
For reasons outlined under "dosimetry" above, it would appear
feasible to set an average absorbed dose above which a food should
not be irradiated. (1, 2) . This would accept the fact that some
parts of the food will receive a dose higher than the average while
other parts of the food will receive doses lower than the average.
It should be noted that although such a legal limit for average
overall absorbed dose serves the purposes of health protection, the
actual average dose absorbed will be normally calculated from dosi-
meter readings covering a technologically useful range of absorbed
dose of radiation. It will be up to the irradiators of food to
ensure that "good irradiation practice" is followed at all times,
including operations at medium dose applications, i.e., close to
the legal limit for average absorbed dose.

Both at the international and at the national level it will be
necessary to define these parameters and, in the interest of inter-
national trade in irradiated foods, it is hoped that Governments
will adopt a harmonized approach based on the findings of the FAO/
IAEA/WHO Expert Groups and on the recommendations of the Codex
Alimentarius Commission discussed later in this paper.

4. LABELLING

Consideration of the problem of labelling of irradiated foods
is far from being a simple matter, since there are numerous para-
meters which must be taken into consideration. For example, an
irradiated raw or processed food can be processed into another
product which is no longer that originally irradiated. Furthermore,
irradiated foods, whether processed or raw, can be used as ingre-
dients of manufactured foods. Irradiated processed or raw foods may
be shipped in bulk or prepackaged and may be directed either to the
consumer or to the food industry for further processing or packaging.
It is also necessary to consider the form of label information, i.e.,
whether only the fact of irradiation should be stated or whether the
technological purpose of the irradiation process should also be con-
veyed to the consumer. Finally, it is necessary to consider the
actual way this type of information should be stated on the label and
the prominence it should be given in relation to the name of the food
(i.e., whether words such as "irradiated" should be stated in connec-
tion with the name of the food or elsewhere on the label).

It could be argued that an irradiated potato is not different
from a potato treated with chemicals to inhibit sprouting or from
an untreated potato stored under certain conditions of temperature
and humidity to extend shelf-life. From a point of view of health
protection, it would not seem to be necessary to identify such pro-
ducts as having been irradiated. In fact, the declaration of the
presence of residues or contaminants in food (e.g., residues of
substances used in agriculture and animal husbandry, processing aids,
or heavy metal contaminants) is usually not required under national
regulations and is not required under the labelling standards elabo-
rated by the Codex Alimentarius Commission. The 1980 Joint FAO/IAEA/
WHO Expert Committee on the Wholesomeness of Irradiated Foods (JECFI)
did not think it necessary "on scientific grounds to envisage
special requirements for quality, wholesomeness and labelling for
irradiated foods". (1)
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While the approach suggested by JECFI, if accepted by Govern-
ments, would solve the rather complex problem presented by the
declaration of the fact of irradiation, the author of this paper
believes that Governments will, in all likelihood, decide on the
need for some form or other of mandatory declaration of the fact of
irradiation. It is, therefore, necessary to envisage discussions on
this matter both at the national and at the international level,
especially since labelling can be easily ascertained in relation to
shipments of food moving in international trade. In this respect,
the recommendations of the Codex Alimentarius Commission should offer
possibilities regarding the development of an internationally harmo-
nized approach to regulating the labelling of irradiated foods both
for the purposes of consumer information and of providing the food
industry and trade as well as the enforcement authorities with appro-
priate information concerning the conditions and purpose of irradia-
tion. For a more detailed treatment of the question of labelling of
irradiated foods the reader may wish to consult an article by
Ladomery and Nocera. (11)

5. WORK IN PROGRESS AT THE INTERNATIONAL LEVEL
ON IRRADIATED FOODS

At the international level much, if not most, of the basic
data on irradiated foods were generated b } the International Food
Irradiation Project (IFIP). (14) In order to evaluate such data
and other data, FAO/IAEA/WHO convened several joint expert committee
meetings. Through this collaborative effort in generating and eva-
luating data, interested Governments derived scientifically sound
and impartial conclusions concerning the acceptability of irra-
diated foods and avoided duplication of effort, thus saving valuable
manpower and financial resources.

The outcome of investigations resulted in the conclusions by
the 1980 Joint FAO/WHO Expert Committee on the Wholesomeness of
Irradiated Foods (JECFI) that ionizing radiation from 60Co, ̂ 7Cs
and from machine sources, such as electrons and X-rays below 10 MeV
and 5 MeV, respectively, could be safely and effectively applied to
food. (1)

Initially, wholesomeness testing and clearance was done on
an individual food basis. (7, 9) However, accumulated evidence
concerning the acceptability of the process of food irradiation
as outlined in the preceding paragraphs led the 1980 Joint FAO/IAEA/
WHO Expert Committee to recommend a blanket clearance of the process
of irradiation up to an "overall average dose" of radiation of 10 kGy
(1 megarad).

The Codex Alimentarius Commission, (16) through an ad hoc
expert working group on irradiated foods within the framework of
the Codex Committee on Food Additives, has adopted a general
standard for irradiated foods (3) and has recommended to Govern-
ments that they accept the standard in their national legislation.
This General Standard, however, does not incorporate the recent
conclusions of JECFI as outlined in the preceding paragraph. For
this reason, the standard is being revised at the present moment.
A draft revised general standard (5) has been circulated to Govern-
ments and interested International Organizations for comments in
accordance with the Commission's Procedures. (16) The revised
standard reflects the recommendations of the 1981 meeting of JECFI.

The following represents a summary of the provisions of the
draft revised Codex standard which are relevant to the theme of
this paper:

1. Permitted radiation sources are limited to gamma rays from
60co or ^3^Cs, X-rays below 5 MeV and electrons below 10 MeV;

2. The "overall average dose" absorbed by a food is defined in
terms of dosimetry and is limited to 10 kGy or less;
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3. Recommendations are made concerning the control by national
authority of irradiation facilities, the irradiation process
and the personnel operating the facility;

4. Foods with low moisture content are permitted to be re-
irradiated, e.g., to control insect infestation;

5. Under certain conditions, a second application of ionizing
radiation is not regarded as being "repeated irradiation"
(e.g., when a food prepared from materials which have been
irradiated at low dose levels, e.g., about 1 kGy, is irra-
diated for another technological purpose; when a food
containing minor irradiated ingredients is irradiated; or
when the desired effect is applied in more than one install-
ment as part of the process) ;

6. Labelling of prepackaged foods or of food containing irra-
diated components are required to be in accordance with
the Codex General Standard for the Labelling of Pre-
packaged Foods (a revised version is under elaboration by
the Codex Committee on Food Labelling) (15) and the label
or accompanying documents of irradiated foods, whether pre-
packaged or bulk, are required to state the fact of irra-
diation and to give appropriate information to identify
the irradiation facility.
The Codex Alimentarius Commission has also recommended a Code

of Practice for the Operation of Irradiation Facilities Used for
the Treatment of Foods (4) in order to ensure that "good irradiation
practices" are followed and that doses are measured and recorded
using a standardized method of dosimetry. This is thought to be
desirable in order to provide evidence and guarantee to importing
countries of the wholesomeness of irradiated foods in view of the
fact that irradiation history cannot yet be checked on the finished
product moving in international trade. This Code of Practice is
also being revised at the present time. (6)

It would be highly desirable if those in Government services
responsible for food control, the food industry, operators of food
irradiation facilities and those interested in food irradiation as
a potential food processing method would follow developments at the
national and international level in the field of regulating this
promising new food technology. In this respect, it would be
desirable if Governments were to consider and comment on the draft
revised Standard(s) being elaborated by the Codex Alimentarius
Commission and also to comment on the recommendations of the Codex
Committee on Food Labelling concerning prepackaged irradiated foods.

It is thought necessary, in the interest of unimpeded inter-
national trade in irradiated foods, to reach agreement on the para-
meters discussed in this paper. An internationally agreed standard
for irradiation would also serve as a model for countries seeking to
introduce regulations on irradiated foods in order to protect the
consumer and to facilitate trade in irradiated foods.
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CONSIDERATIONS ON ECONOMICS AND ENERGY REQUIREMENTS
OF FOOD IRRADIATION APPLICATIONS IN DEVELOPING
COUNTRIES
Anticipated benefits of irradiation

W.M. URBAIN
Department of Food Science and Human Nutrition,
Michigan State University,
East Lansing, Michigan,
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We distinguish between technical and economic feasibility
and we can separate them in any consideration of the total commercial
feasibility of food irradiation. Clearly without technical feasi-
bility we can do nothing. And yet, generally without economic
feasibility we have no reason to do what is technically feasible.
The only exceptions to the requirement for economic feasibility
are those circumstances associated with a health hazard or with
environmental factors. Otherwise, with equal technical performance
of two alternatives, we choose the more economical*

It is into such a competitive situation food irradiation is
entering. For it to succeed it must provide at least economic
equality, or better, economic superiority. Therefore, in selecting
potential applications for research, we need to have some under-
standing of the economics involved, both in the irradiation process
and also in other competitive or alternative procedures. If we
don't, we could find out that we have researched an application
that is not economically feasible, and, therefore, will not be used.
To state the importance of economics another way, it is only the
cost-effective application that will be used.

While we lack a great deal of direct experience with the
economics of food irradiation, we can call upon the general knowledge
of economics and conventional food processing plus special knowledge
of food irradiation in order to secure a useful understanding of
food irradiation economics. We find that food irradiation costs have
these characteristics!

(1) High capital cost
(2) Low operating cost
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(3) Low energy requirement, which we can relate to cost.
Each of these characteristics results in significant conse-

quences for the use of food irradiation, with some being advantages
and some being disadvantages. We shall consider each in our
ensuing discussion.
Capital Costs

Capital costs involve the costs of securing the plant facility
and providing the resources to operate it. Capital costs, also
called fixed costs, are largely incurred before the facility is
operated. Capital costs are recovered by assigning to each unit
of product subsequently produced some appropriate part of the
capital cost. This is usually done over a period of time, normally
a number of years. It is to be noted that the more product units
produced in that period, the lower is the cost per unit. Capital
cost items that have been identified for food irradiation are shown
in Table 1.

It is recognized that some of these items are conventional and
typical of many food processing operations. The radiation source,
however, requires certain special facilities, notably shielding to
protect personnel, controls, conveyor systems, etc.

The total facility requirements for a commercial irradiator
add up to a sizable cost. Cost, of course, is related primarily
to capacity for production, Capacity is a function of many factors,
some of which interact. Factors affecting capacity are given in
Table 2. In general plant capacity and demand for finished product
should be matched as closely as possible, since unused capacity
adds to the unit cost of the products irradiated.

It is recognized that the size of the plant affects the economics
of its operation. An analysis of the economics leads to the con-
clusion that there is a critical minimum size for economic operation,
Beyond this minimum size, lower unit-product costs can be dfetainad
as volume increases up to a point where increasing plant capacity
produces no further cost reduction. This situation comes about
because not all costs are linearly related to plant size. The
key point in this connection is that commercial food irradiation
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Table 1. Capital cost items for a food irradiation facility
1. Radiation source

a) Cost of radionuclide or machine.
b) Cost of transport to facility
c) Installation cost
d) For radionuclide source, in initial loading,provision for first year's decay

2. Irradiation cell construction
(For radionuclide source, additionally a storage water-
pool and elevator equipment, or equivalent).

3. Ancillary building construction or modification of
existing building.

k. Product conveyor system.
5. Cell ventilation and cooling,
6. Refrigeration equipment

a) Radiation cell
b) Storage

7. Control room, dosimetry laboratory, maintenance
shopi construction and equipment

8. Spare parts
9. Planning and design engineering.
10. Site preparation
11. Current working capital fto finance eeceivables, inventories,prepayments and current operations)
12. Contingency.

Table 2. Factors Affecting Irradiation Plant Capacity
1. Source size
2. Dose
3. Source efficiency
^. Hours of operation per year
5. Maximum-minimum dose limits
6. Method of transport of product part source.
7. Product density and dimensions.
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must be carried out at some particular minimum scale in order to
secure an economic operation. Hence, in sizing a plant this must
be taken into account.

A very important variable in sizing a plant is the number
of hours of operation per year. The greater the number of hours,
the smaller is the plant needed to secura a given volume of
product. While both machine and radionuclide sources are concerned
with this, the fact that radionuclides produce gamma rays
continuously and cannot be prevented from doing this, makes the
maximizing of hours of operation of such sources more significant.
It should be noted, however, that multi-shift operation to gain
more hours of operation is not always feasible with foods due to
supply difficulties on a round-the-clock basis. Certain foods are
available only on a seasonal basis. In addition, food production
often is distributed over large geographic areas and the cost for
transport to an irradiation facility location may not only seriously
limit the overall usefulness of the process, but also affect the
number of hours a particular facility can be operated.

One way to increase the hours of use of an irradiation
facility is to use it to irradiate a number of different products.
Such use assumes that different products could be scheduled at
different times and that switching from one to another is feasible.
There may be problems in doing this, however. Handling some foods
along with others through one irradiatdr may lead to cross con-
tamination of the foods. If non-foods, as well as foods are irradi-
ated in the same irradiator, the problem of cross contamination could
be greater than with only foods. If dose requirements or the
density of the foods vary greatly among the products treated,
there could be impairment of the efficiency of the irradiator.
The gain in multiple product irradiation with one facility needs
to be balanced with possible offsetting disadvantages.

One approach for improving facility utilization through
multiple product treatment is to employ a portable irradiator
which can be moved to a number of locations as the need for
irradiation occurs.
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In some cases the need to irradiate large quantities of a
product in a short time, results in the requirement for ~.n installed
irradiation capacity that has a relatively high capital cost.
Unless this capacity can be utilized adequately, the total product
units processed in an accounting period can be so few as to result
in excessive and unsupportable fixed costs, and, therefore, to
cause an uneconomical operation. An example of this could be the
irradiation of wheat while it is being loaded on to a ship. Such
an operation would largely eliminate the added costs for moving the
product through the irradiator, since this movair.ent could be a
part of the ship-loading operation, but the cost of holding the
ship at the dock undoubtedly would dictate a short time for doing
the irradiation and call for a high capacity irradiator. This
probably would result in only intermittent use of the facility,
as governed by ship-loading requirements, and lead to a poor use-
factor. Under these conditions the high capital costs due to the
large size of irradiator may be excessive and unsupportable due
to insufficient product through-put.

The range of possible doses employed in various applications
of food irradiation is large, roughly from 1(P to 10 rad (icA to
10 Gy). For a gi/en radiation source through-put of product is
inversely proportional to dose. In sizing the capacity of a plant,
therefore, attention must be given to the dose range that is to be
provided for. Since dose is specified in energy per unit weight,
the density of the product (actually the bulk density) also needs to
be taken into account in the specification of total weight of product
to be processed.

Source efficiency is defined as the ratio of the energy
absorbed by the product to the total ionizing anergy available
from the source. The greater its efficiency the smaller the source
can be. A number of factors enter into this, principal among
which are source type (radionuclide or machine), source configrra-
tion, product density and dimensions, pathway or pathways travelled
by the product in passing the source for exposure and range for
allowable maximum and minimum doses for the product irradiated.
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Since gamma rays cannot be focused or directed, it is more
difficult to secure high efficiencies with radionuclide sources,
than with machine sources, especially electron beam generators.
Generally radionuclide sources have efficiencies well below 0.5.
Electron beams on the other hand, can be directed and therefore,
efficiently utilized. As is known, however, electron beams have
limitations with respect to the thickness of the product and cannot
be used for all products.

Doses employed in commercial production must be specified with
allowable maximum and minimum values. In general, the minimum is
that needed to secure the desired technical effect. The maximum
should provide for additional energy which the product absorbs due
to variations in the radiation-field intensity resulting from spacial
variations and configuration effects of the source, the pathway the
product travels past the source or from characteristics of the
product. Source design and product pathway past the source greatly
affect this and are means of controlling the magnitude of the
differences between the minimum and maximum doses given a product.
With gamma ray sources, generally the range needed for the maximum
and minimum doses increases as source efficiency increases.

How the product is moved past the source affects the efficiency
of the source. Energy not absorbed by the product is wasted. In
general multiple passes and turning of the product lead to increased
absorption and greater uniformity of dose within a product unit.
These usually are obtained by careful deeign of the product transport
system.

Machine sources generally have fixed units of capacity, Radio-
nuclide sources on the other hand have variable capacities depending
upon the amount of radionuclide present. An initial loading of an
amount of radionuclide can be made to provide radiation for a selected
product throughput. As more throughput is required, additional
radionuclide can be installed, up to the design and construction
capacity of the total facility. In this way some reduction of
capital cost {that associated with radionuclide cost) can be secured
for the initial phases of operation.
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In the list of capital cost items (Table 1) items 2 through
12 on the whole are conventional, and once defined in detail, are
amenable to costing in a normal manner. To the extent that they
add to the total capital cost they are part of the economics of
irradiation.
Operating Costs

Capital or fixed costs, of course, are not the only costs of
food irradiation. In addition there are costs incurred in the
operating of the facility. These are termed operating or variable
costs. Table 3 lists the operating or variable cost items associated
with food irradiation. For a particular accounting period, variable
costs incurred are apportioned over the units of product produced
in that period.

With the exception of Item No. 2, Source replenishment, the
items of variable costs listed are conventional for the operation of
any food processing facility, A few comments may be in order, however.

Item No. 1, Depreciation of facility, is apportionment of the
capital or fixed costs. The magnitude of this cost relates to the
size of the capital cost and to the time period allotted for write-
off of this cost. Since the capital cost for an irradiation facility
tends to be relatively high, this factor alone can make this cost
also high. Since there is little actual experience with food
irradiation, the conservative business man probably would want to
recover his capital outlay as rapidly as possible and, therefore, seek
a high depreciation rate, a factor also possibly making this depreciation
cost relatively high, at least in the early usage of food irradiation.

Item 2, Source replenishment, is unique to food irradiatbn
when radionuclide sources are employed. For Cobalt-60 about 1J%
per year replenishment is needed to make up for radioactive
decay. As with the initial source loading, this cost should
include the radionuclide cost, transportation to the facility and
installation.

Items 3 and ̂  should be relatively low in cost. In a properly
planned and constructed facility utility and labor costs should
be low,
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Table 3. Operating or variable cost items associated with
food irradiation.

1. Depreciation of facility
2. Source replenishment (radionuclide sources only)
3. Utilities (power, water, heat, air conditioning, etc.)
4. Labor (Manager, office personnel, technicians,

engineer, general labor, building maintenance, etc.)
5. Maintenance
6. Supplies
7. Taxes and insurance
8. Interest on borrowed funds
9. Return on equity capital

Item 9» Return on equity capital, covers the expectation of
the investor of the capital money for the use of his money. In
estimating food irradiation costs this item often has been overlooked,
What this cost is in a given case depends upon many fac-feors and
it can be quantitatively specified only by knowing exactly what
these factors are in the situation at hand. It is a cost different
from the depreciation cost of the facility (Item No. 1).
Energy requirements

The energy absorbed by a food as ionizing radiation is very
small. The probable maximum dose to be used in food irradiation
is of the order of 5 Mrad (50 kGy or 50 J/kg). In a typical irra-
diator, other energy inputs such as electric power, are required
for the irradiation process. Table ̂  shows estimates of the total
energy requirements for irradiation and for other food processes.

The total energy requirement picture must include considera-
tion of energy inputs for facility construction, food transport, etc.
In terms of energy, these various inputs are about the same for
irradiation as for other processes, with the exception of any process
requiring sub-zero temperatures. The use of sub-zero temperatures tor

preservation, requiring a continuing energy input, results in
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relatively high energy requirements. It is only when irradiation
is compared with sjub-zero temperature processes that a truly significant

energy advantage for irradiation is seen. The data of Table 5
relating to chicken demonstrate this conclusion.

In marketing irradiated food it is necessary to know what
alternative procedures are available for producing the same or a
similar food. As noted earlier, the irradiated food should be at
least as good, or preferably better, than what is produced by
the alternate process. Unless there is some easily identifiable
significant superiority, economic advantage usually determines
which product succeeds. Comparative analyses need to start and end
at the same place, or with identical raw materials and comparable or
identical finished products. Any different requirements should be
identified and their costs determined. As an aid in doing this,
flow diagrams of the total processes can be especially useful.

Important in the comparative analysis is consideration of the
total process from the starting raw materials to the product delivered
to the consumer's table. Such an analysis, for example of meats
preserved by irradiation and alternatively by freezing shows that
the overall energy inputs are significantly less for the irradiated
meat. The continuing need for energy input during the storage and
transport of meat exists only for the low temperature process and is
absent from the irradiation process. This important difference might
not be recognized if the comparative analysis of irradiation and
freezing was limited only to those energy requirements to process
the meat at the manufacturing plant.

For a country not now having an existing refrigeration storage
and distribution system for foods, irradiation can be a means to
effect distribution of meat or other applicable foods without
requiring the capital investment, operating costs and energy
inputs of a refrigeration system.
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Table 4. Typical total energy values used for processing of
food. ^

Total
Process Process Energy (kJ/kg)

Radurization, 2.5 kGy 21
Radappertization, 30. kGy 157
Heat sterilization 918
Freezing (-23.3°C) 7552Storage (3.5 weeks at -25°C) 51̂ 9
Storage (5.5 day at 0°C) 318
Cooking to 93°C 2558

Brynjolfsson (1977).

Table 5« Energy associated with different chicken processing
methods. /̂

Method Energy (kJ/kg)SX
Refrigerated raw, cut up 17760
Refrigerated and radurized, cut up 17860
Frozen raw, cut up 46600Canned, heat sterilized, meat 20180

See Brynjolfsson (1977)
Energy requirements from slaughter of chicken
through table preparation based on edible portion

Table 6. General benefits of the
irradiation of foods

1. Product Improvement
2. Preservation
3. Cost Reduction
4. Market Enlargement
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Chemicals versus irradiation
In general, where the process alternate to irradiation

involves the use of chemicals, costs for irradiation usually are
higher. In some instances, at least, the extra costs for irradia-
tion can be ascribed to the need to move the product through the
irradiation facility. Thus it has been found that irradiation is
more expensive than chemicals such as CIPC (Chloro-N-Isopropyl
Phenyl Carbamate) and MH-30 (Maleic Hydrazide) in controlling
sprouting in white potatoes. The chemical treatment being done jiri
situ has no transport costs. Similarly chemical pesticides, such
as used with grains, also are cheaper than irradiation. In
these cases, the comparative analysis of the costs of irradiation
and chemical treatment would be misleading without the inclusion of
the costs for the needed transport through the irradiation facility.

It should be noted, however, that if the chemicals which
would be used in place of irradiation cause a health hazard to the
consumer of the food, then the economical advantage for the
chemicals would not be a sufficient reason to use the chemicals.
As noted earlier it is in such circumstances economic superiority
or equality of irradiation is not required.
Ad.iunct requirements to irradiation

By adding costs, adjunct requirements to make irradiation
effective also enter into economic considerations. For example,
there may be special requirements for the packaging of the
irradiated foods without which irradiation will not accomplish
what is needed. Another example of adjunct requirements would be
special storage facilities, such as might be needed to prevent
reinfestation of irradiated wheat.
Shared funding of initial ventures

As has been noted earlier, the ordinary business man very
likely would regard food irradiation as a commercial venture
having a relatively high risk for success and, therefore, might be
hesitant in undertaking it. There can be value in encouraging
private enterprise to undertake food irradiation by the government
of a country providing some financial assistance at the start.
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If done, this can change the economics for such ventures. It is
suggested that such aid not completely replace private funding
and that joint public and private funding is most likely to
assure success. This kind of assistance was provided in Japan in
connection with the startup of commercial irradiation of white
potatoes.

An important economic consideration is the availability of
money (or resources) to secure a facility and operate it. Not
every country has the capability of securing irradiation facilities
from its own internal resources and needs to import at least part
of the facility. This puts irradiation in competition with other
national requirements for imports and in some cases, this could
be an obstacle to acquiring the irradiation facility. Opportunity
for exports would be a cogent argument for authorizing the needed
imported items for the facility.

Anticipated Benefits of Irradiation for Developing Countries in
Asia and the Pacific

In making statements relative to anticipated benefits of food
irradiation, I trust you will allow me a personal reference. While
I have traveled to some extent in Asia and the countries of the
Pacific, and while I have had a personal interest in these countries,
I cannot and do not claim that I qualify as one with adequate expert
knowledge to tell you what the specific benefits of food irradiation
are likely to be in your country. Obtaining benefits of a develop-
ment such as food irradiation is very complex, with an enormous
variety of significant inputs that may be technical, economic,
social, political and even religious in nature. The history of
embryonic food irradiation to date in many countries, both developed
and developing, demonstrates this. Only by experimenting, by
testing both in the laboratory and in the market place, by being
alert to opportunities for doing something better, or something
which could not previously be accomplished, by seeing in this new
process the solution of old probelms, by being realistic instead
of indulging in fantasy, can we hope to succeed with irradiation.
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What I believe I can do, however, is list for you some of
the technical aspects of food irradiation and their meaning for
usage in countries such as yours. Nonetheless, you must realize
such a listing can be no more than a listing of some possibilities.
It is for you to find in your own country the truly meaningful
uses of food irradiation.

On a general basis, the benefits of irradiating foods can be
grouped under four headings as shown in Table 6,

Product Improvement
Product improvement per se is not often secured. Usually a food

is of good quality initially and irradiation does not make it better.
An irradiated potatoe, for example, is not of quality better than a
nonirradiated fresh potatoe. There are, however, some instances
in which irradiation improves a quality characteristic of a food.
For example, irradiation can improve the baking qualities of wheat
flour. It can terrier meat. It can reduce and control the rehydra-
tion time of dehydrated vegetables. Some radappertized foods
(radiation sterilized) such as meat have eating qualities superior
to comparable heat-sterilized product. Ordinarily, however, we seek
other effects when we irradiate foods, and generally we would not
use irradiation simply to alter their quality.

There is, however, one important aspect of product quality
improvement by irradiation that is of great importance. This is
the reduction or elimination of a health hazard normally associated
with the ingestion of a particular food. Irradiation improves the
quality of the food by making it safer to eat. The ways irradiation
can accomplish this involve reduction or elimination of pathogenic
bacteria or parasites or the replacement of a chemical used as a
preservative or pesticide, whose residue in a food imposes a health
hazard for the consumer. Closely associated with this kind of
quality improvement is insect disinfestation, which while not
necessarily involving a health hazard, does improve the consumer
acceptance of the food.
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Preservation
Preservation extends product life and can reduce food losse^

due to spoilage. Broadly speaking this effect of irradiation is
partly of economic value and partly of nutritional significance.
Losses due to spoilage do occur regularly in the storage and
distribution of foods. Generally, however, rather than incurring
actual losses of foods, limits on time, temperature, and handling,
etc., are accepted and form the basis of the distribution and
storage procedures used. As a consequence many foods are available
only on a local basis. Some localities cannot be supplied with
certain foods because of a lack of proper transport and storage
facilities to move foods to them from elsewhere without incurring
spoilage. Effective preservation of a food results in greater
opportunity for moving foods from production locations to market
areas. It also enlarges the time period from havest to consumption
for maintenance of food quality.

The nutritional significance of preservation is in the increased
availability of foods in markets otherwise unreachable without
preservation. Better consumer nutrition can be the consequence of
this increased availability,
Cost reduction

Cost reduction itself is a sufficient reason to use irradiation.
How the cost reduction is obtained ordinarily is specific to the
application in question. It can be food loss reduction, or the
consequence of a more efficient process, perhaps using less energy.
It can be the result of overcoming seasonal variations of supply.
It can result from volume increases. In its total effect, it
can result in lower consumer costs.
Market enlargement

Market enlargement can be the consequence of technical
feasibility or of lower costs. It can have meaning locally within
a nation or internationally. It is probably one of the most signi-
ficant potential benefits of food irradiation. Mamy foods are too
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perishable for reaching certain market areas or are carriers of
insects which cause their embargo. Irradiation, in particular
instances, can overcome such obstacles to product movement into
new market areas,
Specific benefits

To translate the above kinds of general benefits of food
irradiation into specific benefits which might be anticipated for
developing countries of Asia and the Pacific the following thoughts
of a nonresident of the area are offered for consideration.

Although the area in question is very large and varied in
nature and, therefore, not well suited to generalizations, it is to
be noted that much of it has a warm climate, a circumstance that
causes many problems with the preservation and distribution of
foods. For a long time we have had available a number of ways for
preserving foods, which have been used to varying degrees. Some
of these add considerable cost (e.g., canning) or require high-cost
facilities (e.g., refrigeration). Irradiation offers a different
technical approach to preservation and in some circumstances also
offers lower costs. The seeking out of such applications seems to
be an appropriate objective for food irradiation research. Examples
would bes

Irradiation of fishery products for control of bacterial
spoilage and for insect control (dried fish).

Irradiation of vegetables and fruits for bacterial spoilage
control, insect disinfestration and/or sprout or senescence control.

Irradiation of grains, legumes (pulses) and cereals for insect
disinfestation. Irradiation and protective packaging undoubtedly
would reduce losses of these important foods due to insect damage.

For some time to come in developing countries, the problems
of securing good sanitary conditions for storing, processing and
distributing foods make irradiation of special value for improving
the overall quality of many foods, such as seafood, meat and poultry.
Extended product life and reduction of food-borne health hazards
would be expected to result from the use of irradiation.
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What do benefits such as these add up to?
To the business man, they are new opportunities for new business,

more business, new markets, even new products, for exporting,
for enabling local production to compete with imports. For the local
food merchant, better quality foods, a more even supply, new
foods, reduction of losses due to spoilage. For the consumer,
more and better foods, lower costs, and most of all, better
nutrition.

References for additional information
(1) Anonymous. "Application of Food Irradiation in Developing
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CONTRIBUTED PAPERS (Abstracts only)

FOOD IRRADIATION IN THE WESTERN UNITED STATES
OF AMERICA

N.E. NIELSON
Emergent Technologies, Inc.,
San Jose, California,
United States of America

ABSTRACT

The U.S. President's Staff, the U.S. Congress, the Californian
State Legislature, and the new administration's senior personnel in
Agriculture (USDA), in the Food & Drug Administration (PDA) and in
Energy (DOE) have very recently exercised the U.S. position on food
irradiation with the result being a commitment from the new Commissioner
of the PDA (Dr. Arthur Hull Hayes, Jr.) to expediting the enabling of
the use of radiation in the processing of foods in the U.S. The
officers of Emergent Technologies have worked very hard and long to
achieve this, and are now working with all concerned to realize the
earliest possible implementation and the best possible regulation of
this technology.

A significant impetus to realizing this earlier formulation
and release of permission to use radiation in the processing of foods
in the U.S. is the unfortunate discovery of the Mediterranean Fruit
Fly in Northern California (with subsequent findings in other parts
of the State), coupled with the very strong desire on the part of such
organizations as the U.S.'s Environmental Protection Agency (EPA) to
ban the use of such chemicals as ethylene dibromide (EDB), the only
highly effective fumigant for disinfestation of produce of the medfly.
(OSHA also wishes its ban.)

As a result of this impetus, the earliest uses permitted by
the FDA will be at doses of 100 kilorad or less, with the FDA wanting
some minimal additional information before permitting uses of higher
doses (they are now talking of chemi-clearance procedures for specific
foods up to 1 megarad, and up to 5 megarads for low-volume-intake
foods, such as spices). The FDA has now stated publicly, and in the
U.S. Congressional Record, that there is no longer any question of the
safety of using this technology within these guidelines.
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There is significant pressure from both administration and
legislative sources for initiation of the use of this technology, in
significant quantities, during 1982's harvest. FDA has committed to
trying to enable this early use in commercially practical quantities.
Emergent Technologies, Inc., intends to create several very large
facilities for low dose-high volume applications such as to be
encountered in the Western United States.
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TIME TEMPERATURE TOLERANCE AND PACKAGING STUDIES OF
IRRADIATED DRIED FISH: BACTERIOLOGY OF IRRADIATED
DRIED FISH

M. AHMED
Bangladesh Council of Scientific and

Industrial Research (BCSIR),
Dacca

A.K. JOARDER, A.D. BHUIYAN,
M.M. HOSSAIN, S. ISLAM
Institute of Food and Radiation Biology (formerly IPCORI),
Atomic Energy Research Establishment,
Savar, Dacca,
Bangladesh

ABSTRACT

The bacterial flora of irradiated sun-dried Cybium guttalum
(mackerel) at 0.0, 0.50, 1.0, 2.0 and 4.0 kGy was investigated at the
storage temperatures of 10, 20 and 28 C. The reduction of bacterial
flora was determined both qualitatively and quantitatively. In three
months' storage studies, both mesophiles and psychrophiles/psychro-
tolerant were determined. No overall reduction at a significant level
was achieved during this period. Only in case of mesophiles, 80%
reduction was obtained. The psychrophiles/psychrotolerants found to
be less sensitive to these dose levels.

Few hundred bacterial isolates were made from the count-plates
(both mesophiles and psychrophiles) and identified. Micrococcus,
Staphylbcoccus, Cornybacterium and some Bacillus were found to be the
prominant groups in mesophiles while Bacillus dominating in psychro-
philes.

The presence of Salmonella, Coliform (both fecal and non-fecal),
total Staphyllococci etc. and their dose response was being investigated
in different storage conditions.
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SEMI-PILOT STUDY ON THE RADURIZATION OF DRIED MACKEREL
(Pneumatophorus japonic™) FOR EXTENSION OF SHELF-LIFE

G. GUEVARA, P. de la PEfiA, F. DIONIDO
Bureau of Fisheries and Aquatic Resources,
Metro Manila, Philippines

ABSTRACT

A semi-pilot study on irradiation of dried fish was conducted.
Samples of dried salted mackerel were weighed in 250 grams and packed
in polyethylene bags. One lot was irradiated at a dose of 325 krad.
The other lot was unirradiated and served as the control. The irra-
diated and unirradiated samples were stored at ambient (30 C - 2 C)
and at chilling (2°C - 1°C) temperatures.

Results of the study were evaluated in terms of chemical,
bacteriological and sensory parameters conducted at regular time
intervals. Under ambient conditions, it was found out that a dose
of 325 krad could extend the shelf-life of dried salted mackerel by
two-folds. On the other hand, radurization treatment did not give
any significant difference with the unirradiated samples stored at
chilling temperature.

Velocity of deterioration of dried fish was calculated and
results showed that the deterioration of unirradiated sample was
faster than the irradiated at ambient temperature. However, at
chilling temperature no significant difference was noted.
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STUDIES ON BULK PACKAGING OF IRRADIATED DRIED FISH

M. MAHA, Z.I. PURWANTO, L.T.K. KICKY
Centre for the Application of Isotopes and Radiation,
National Atomic Energy Agency,
Jakarta, Indonesia

Abstract

An experiment has been conducted to evaluate suitable packaging
methods to be used in large scale dried fish irradiation. The study
consisted of the selection of packaging materials used, determination
of irradiation effects on physical characteristics of the packaging
meterials and determination of dose uniformity in dried fish packaged.
From the point of view of physical strength, woven polyproplyene bags
lined with low density polyethylene film of 0.1 mm thickness and car-
ton boxes were found to be suitable for packaging of irradiated dried
fish. However, from the technological point of view, carton boxes
were found to be more practicable to be used in the irradiation process
and gave better dose uniformity in the package. Irradiation doses of
up to 5 and 10 kGy seem to have no significant effect on physical char-
acteristics of carton boxes and woven plastic bags, respectively.
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IMPROVING THE HYGIENE AND THE QUALITY OF DRIED SHRIMP
BY IRRADIATION

P. VIBULSRESTH, V. HARUTHAITHANASAN,
N. VANANUVAT, O. BHUMIPHAMON, N. BOON-LONG
Faculty of Agro-Industry, Kasetsart University,
Bangkok, Thailand

ABSTRACT

Dried shrimp is a favorite marine food product for the general
household of Thailand. At present, there is no quality control of
dried shrimp. It is sold in open market which is easily subjected to
contamination by dust and pathogenic bacteria. Moreover, it is taken
as food without undergoing heat treatment or cooking. The purpose of
the study was devoted to the investigation of microbiological and
chemical properties of dried shrimp exposed to a radiation dose at
1 kGy, 2 kGy and 3 kGy. A microbial load of approximately 10
colonies/g. was found in non-irradiated dried shrimp. After irradi-
ation the count of 3 kGy sample was in the range of 10 to 100 colonies/g.
and after storage for 90 days, the count still maintained the level of
microorganism at very low number. The control sample of dried shrimp
began to produce ammonial odour after storage for 2-3 weeks, whereas
the sample of 3 kGy started to have only very little ammonial odour
after storage for 2-3 months.

The pathogenic bacteria was also investigated in the product.
Both Salmonella and coliform bacteria were not detected for all samples.
Most of the irradiated dried shrimp had moisture contents between
27-29% and salt content ranging from 5.4%, to 6.8%. Dried shrimp at
various treatments had 2.4-3.3% of fat. The TEA values of all treat-
ment were in the range of 5.27-8.19. During storage for 2 months
irradiation had very little effect on the chemical properties of dried
shrimp. It may, therefore, be concluded that irradiation dose at
3 kGy can increase the shelf-life of dried shrimp and can improve the
hygienic quality of food as well as keeping the chemical properties
of dried shrimp.
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EFFECT OF PACKAGING FILMS IN PREVENTION OF SLIME
FORMATION OF GAMMA IRRADIATED VIENNA SAUSAGES

H. ITO, H. WATANABE, T. KUME, T. SATO
Takasaki Radiation Chemistry Research Establishment,
Japan Atomic Energy Research Institute,
Takasaki, Gunma, Japan

ABSTRACT

Vienna sausages(VS) get spoiled by slime formation or putrefac-
tion due to the propagation of microorganisms when stored only for
2 to 3 days at 10 G, and therefore it's storage-life is shorter than
that of other meat products. The species of microorganisms
which can grow on commercial VS on the storage at 10 C were Lacto-
bacillus, Streptococcus and yeasts. When specially made VS which did
not contain preservative in it were used for this investigation
growth of microorganisms such as Lactobacillus, Streptococcus, Micro-
coccus , Moraxe1la-Acinetobacter, Bacillus, Serratia, Corynebacterium
and yeasts were predominant at 10 C and Pseudomonas and moulds some-
times propagated.

Irradiation of VS at 300 and 500 krad reduced afore-
mentioned flora to the Moraxella-Acinetobacter and yeasts. Slime
production of radurized specially made VS was prevented largely in
a package of oxygen unpermeable films such as vinylidene chloride-
acrylonitrile copolymer coated cellophane (K—cellophane) and
ethylenevinylalcohol copolymer / polypropylene / polyethylene
laminated film (EG-Q) more than cellophane-polyethylene film when
packed with nitrogen and stored at 10°C, 90 % r.h. All of the total
microbial count in non-irradiated VS packed in every film reached
1 x 10 per gram after '.

observed at this level.
1 x 10 per gram after 2 to 3 days storage, and slime production was

In the case of radurized VS, the total count reached
1 x 10 per gram after 4 to 5 days at 300 krad and after 7 to 8 days
at 500 krad in cellophane-polyethylene, while storage-life was
prolonged for 7 to 9 days at 300 krad and for more than 13 or 15 days
at 500 krad in K-cellophane or EG-Q. The main microorganisms
occurring in non-irradiated VS packed with nitrogen in K-cellophane
or EG-Q were Lactobacillus and Streptococcus, and the growth of other
organisms such as Moraxella-Acinetobacter, Micrococcus and yeasts was
suppressed under these conditions. The growth of surviving organisms
consisting of Moraxella-Acinetobacter and yeasts in radurized VS was
also suppressed.
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Changes in the organoleptic qualitites of VS by irradiation
was also investigated . When VS was packed with nitrogen in
cellophane-polyethylene bags, qualities did not affected to a dose of
500 krad. The presence of oxygen in the bags during irradiation
markedly influenced the organoleptic properties. A small amount of
off-flavor detected after irradiation at 500 krad disappeared in
cellophane—polyethylene bags after 7 days storage. But it remained in
the oxygen unpermeable films. The fading in color of VS occurred with
increasing irradiation dose and oxygen content. In this case, it was
suggested that the degradation of nitroso-heme complex by irradiation
mainly caused the decoloration of VS.
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THE EFFECT OF GAMMA RADIATION ON THE VOLATILE
COMPONENTS, PIPERINE AND PIPERETTINE CONTENTS AND
SENSORY QUALITY OF BLACK AND WHITE PEPPER
(Piper nigrum L.)

S. ISHAK, I. BAHARI, M.S. YASIR,
M. EMBONG, S. EMBONG
Faculty of Science, National University of Malaysia,
Kuala Lumpur, Malaysia

ABSTRACT

This study was conducted to determine the effect of gamma
radiation on the quality of both black and white pepper irradiated at
2, 4, 6, 8 and 9 kGy.

Gamma radiation at increasing dose did not alter the composi-
tion of volatile components of black pepper. Prolonged storage was
found to slightly increase the contents of certain monoterpene hydro-
carbons and at the same time reduced the contents of oxygenated
monoterpenes and susquiterpene hydrocarbons.

For white pepper, at immediately after irradiation, increased
radiation dose reduced the contents of monoterpene hydrocarbons on the
other hand increased the compositions of oxygenated monoterpenes and
sesquiterpene hydrocarbons. However, storing resulted in a slight
increase of the contents of monoterpene hydrocarbons to certain levels
which then levelled off. On the other hand, the contents of oxygenated
monoterpenes and sesquiterpene hydrocarbons decreased to certain
points then they almost stabilized.

Piperettine content in both black and white pepper was not
affected by irradiation. Piperine content of black pepper did not
change while it increased slightly in white pepper after irradiation.

The changes in volatile constituents and piperine contents
of white pepper did not affect the sensory quality (aroma and bite
principles) of the pepper.
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GAMMA IRRADIATION OF SPICES

T.S. SAPUTRA, HARSOYO, H. SUDARMAN
Centre for the Application of Isotopes and Radiation,
National Atomic Energy Agency,
Jakarta, Indonesia

Abstract

An experiment has been done to determine the effect of irrad-
iation and reduction of moisture content on the keeping quality of
commercial spices, i.e., nutmeg (Myristica frangras), black and white
pepper (Piper nigrum) . The results showed that a dose of 5 kGy could
reduce the microbial load of spices as much as 2 - 4 log cycles for
the total plate count and 1-3 log cycles for the total mould and
yeast counts. The microbial reduction due to the irradiation treat-
ment was found to be lower in more humid products. Prolonged storage
enhanced the microbial reduction.
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PRELIMINARY INVESTIGATIONS FOR IRRADIATION
PRESERVATION OF MANGOES, DRIED FISH AND SPICES

K. THEIVENDIRARAJAH
Department of Botany,
University of Jaffna-Sri Lanka,
Jaffna, Sri Lanka

ABSTRACT

An assessment of spoilage losses of mangoes, dried fish
and spices was carried out as a preparatory study to irradiation
treatment. Phomosis maniferae Ahmad; Botryodiplodia theobromae Pat,
and Hendersonula toruloidea Nattrass were found to be commonly
associated with spoilage of mangoes in Sri Lanka. Hot water dip
at 55 G for 5 or 10 minutes reduced the incidence of spoilage of
some but not all varieties of mangoes studied. Experiments on the
levels of bacterial and mould contamination of dried fish and
common spices in Sri Lanka such as clove, cinnamon, cardamom,
nutmeg, mace and ginger root are in progress. Standard methods
of bacteriological determinations will be used in future studies.
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RADIATION EFFECT, PACKAGING STUDIES AND ECONOMIC
EVALUATION OF IRRADIATED ONIONS IN KOREA

H.-O. CHO
Korea Advanced Energy Research Institute,
Cheong Ryang,
Seoul, Korea

Abstract

Gross demand of onions has increased every year due to the change
of eating habit, mass processing and increased urban population.

Annual production of onions from 1978 to 1980 is estimated to be
approximately 250,000 tons and it is a general tendency to increase the
cultivation of onions in Republic of Korea.

Onions produced in Korea could not be treated with M.H. for the
improvement on preservation prior to harvest because the harvesting
season of onions coincides almost always with rainy season.

In order to develop the economical preservation method of onions,
natural low temperature storage method combined with irradiation was
carried out. Moisture content, total and free sugar, and vitamin C
were measured for 10, 15, 20 Krad irradiated onions during preservation
at natural low temperature storage house (modified pit, 2-20 C) and
storage cost was discussed.
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THE TECHNOLOGICAL FEASIBILITY OF GAMMA RADIATION
FOR THE EXTENDED COMMERCIAL STORAGE OF
AGRICULTURAL CROPS:
(1) ONIONS, (2) GARLIC*

A.O. LUSTRE, R.A. RONCAL, F.G. VILLARUEL, L. ANG
Food Terminal Incorporated,
Taguig, Metro Manila

C.C. SINGSON, C.L. CARMONA, Z.M. DE GUZMAN
Irradiation Services Division,
Department of Nuclear Services,
Philippine Atomic Energy Commission,
Diliman, Quezon City,
Philippines

ABSTRACT

Onions (of the yellow grannex and red Creole varieties) and garlic
were irradiated at an absorbed dose ranging from 5-12 krads and kept in
refrigerated storage (1-5 C and 64-807,, RH) at the central refrigerated
warehouse of a government owned food marketing corporation. Monthly,
while in storage, the samples were inspected for sprouting, decay, mold
growth, chilling injury (for onions), shrivelling (for garlic) and loss
in weight. In addition, the internal quality of the bulbs, their
pungency and their post-storage quality were evaluated.

Three years of work on both yellow grannex and red Creole
varieties of onions using 100 kg of commodity sampled out of commercial
lots has shown the following: (a) that irradiation controlled sprouting,
decay, mold growth and weight loss; (b) that for 80-907,, level of damage,
irradiation increased the refrigerated storage life of onions by at
least one month; however, at that time in storage when non-treated
bulbs were deteriorated, irradiated bulbs were still 607o marketable,
(c) the effect of irradiation in controlling low-temperature deterior-
ation was most evident only after the normal storage life of the
commodity had been exceeded; (d) the time in storage at which a rapid
decline in percent marketable bulbs is initiated, varies with crop year
and crop source; (e) irradiation increased the post storage life of
onions at ambient conditions, the total period depending on the length

* Supported by IAEA Contract 2086RB.
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of previous low-temperature storage; (f) the effect of irradiation in
increasing the post storage life of onions at ambient conditions and in
improving the visual appearance of the bulbs is a definite advantage
which could facilitate adaptation of the process, if the operation
proves to be economically viable.

For garlic, studies indicate the following: (a) that irradi-
ation is a technically feasible solution to the problem of low-
temperature sprouting of garlic during storage. It also controls
decay; (b) irradiated cloves can remain 60% marketable at a time when
those non-irradiated are already completely deteriorated; (c) irradi-
ation has the added advantage of increasing the post storage life of
garlic at ambient conditions due to the control of sprouting and
shrivelling.

The practical benefits of irradiation in minimizing storage
losses of onions and garlic as shown in this study has encouraged the
team to conduct a more intensive techno-economic feasibility study to
determine the possibility of commercializing the process under local
marketing conditions.
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PILOT-SCALE STUDIES ON THE IRRADIATION OF BANGLADESH
ONIONS

M.M. HOSSAIN, M.A. MATIN,
M.R. AMIN, A.K. SIDDIQUI
Institute of Food and Radiation Biology (formerly IPCORI),
Atomic Energy Research Establishment,
Savar, Dacca, Bangladesh

ABSTRACT

Different batches of onions were irradiated with a dose of
0.06 kGy from a Co-60 gamma source. Irradiation of onions was done
in June 1981 after about 6-7 weeks of harvest. Keeping qualities of
the control and irradiated onions were studied under 3 different
storage conditions at room temperature (25 - 32 C) and humidity
(80 - 907o). The rate of dehydration, spoilage due to rot and
sprouting and sprout length were determined. The investigations
also included determination of inner bud quotient, texture, peeling
loss, density and spoilage organisms. The investigations were
carried at monthly intervals and the accumulated data so far obtained
(up to October 1981) did not reveal significant difference between
the control and the irradiated onions irrespective of storage condi-
tions except that some sprout development was observed in the
control samples while sprouting was inhibited in the irradiated onions.
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IDENTIFICATION OF IRRADIATED POTATOES BY IMPEDANCE
MEASUREMENTS

K. KAWASHIMA, T. HAYASHI
National Food Research Institute,
Ibaraki, Japan

ABSTRACT

In Japan irradiated potatoes have been marketed since 1973
but no reliable method of identifing irradiated potatoes has been
reported. In the course of several experiments it was found that
impedance of potatoes would be a highly reliable and practical
index for the identification of irradiation treatment.

A potato tuber was punctured with a steel electrode and 3 to
5 mA of alternating current was passed through it. The impedance
was dependent on the irradiation dose at low frequency but not at
high frequency. As an identification parameter the impedance ratio
at high frequency to low frequency was a better index than the
impedance itself. The following three parameters were checked ,
namely Z/Z180(impedance ratio at 5 kHz of 0 second to 180 seconds
after the puncturing), Z^ /Z _, (impedance ratio at 5 kHz to 0.5
kHz) and Z-./Zj.,. (impedance ratio at 50 kHz to 5 kHz).

Among these three parameters, Z /Z was the most favorable
-> U D JC

index, with which not only the distinction between irradiated and
nonirradiated potatoes, but also estimation of the irradiation
dose was possible even six months after irradiation treatment.
As for the measuring temperature, 20 °C gave the best result.. When
the parameter of Z50/Z5V was determined, nonirradiated potatoes
gave values between 0.43 and 0.36 but ones irradiated with legally
permitted dose (.7 to 15 krad) gave values between 0.35 and 0.29.
Potatoes irradiated with doses over the permitted level gave values
lower than 0.29. These results were independent of the storage
temperature after irradiation.
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RESPIRATORY METABOLISM AND POTASSIUM RELEASE
OF IRRADIATED POTATOES

K. CHACHIN, T. IWATA
College of Agriculture,
University of Osaka Prefecture,
Sakai, Osaka, Japan

Abstract

Gamma irradiation at low dose for sprout-inhibition
increased the respiration rate of potatoes immediately
after irradiation as determined with whole potatoes, tissue
slices, and mitochondria. The increased respiration in-
volved in the respiration through alternate pathway(cyanide
resistant respiration). The increased respiration lowered
to the level of unirradiated potatoes during subsequent
storage period. Mitochondria which were isolated from ir-
radiated potatoes exhibited a respiratory increase but low
respiratory control ratio in the case of succinate oxidation.
There was, however, the restoration of respiratory control
ratio to the extent of unirradiated ones in mitochondria
isolated from irradiated potatoes during storage. It was
also found that potassium leakage(or release) from disks
of irradiated potatoes increased as compared with that of
unirradiated ones, showing the change of membrane function,
and it declined in the stored samples.

The results indicate that the cellular radiation damage
was induced in the tissues of irradiated potatoes, even
at the dose level of sprout-inhibition and the influence
may be eliminated during storage through some repair processes
operated in irradiated potatoes.
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AGAR COLOR DOSIMETER AND ITS APPLICATION TO SPROUT
INHIBITION OF POTATOES BY ELECTRON IRRADIATION

J. FURUTA, E. HIRAOKA, T. OHNISHI
Radiation Center of Osaka Prefecture,
Sakai, Osaka, Japan

ABSTRACT

Sprouting of potatoes are inhibited usually by the gamma-ray
irradiation. The buds of potatoes exist in a very thin layer near
surface of each tuber. So the inhibition will be performed suffi-
ciently by surface irradiation using electron beams.

To irradiate all surfaces of each potato uniformly, the
authors prepare a new apparatus which consits of many rotating rollers.
By this machine, the potatoes are rotated on rollers and padded under
an electron beam scanner of accelerator.

In such experiments, a dosimeter is necessary to decide easily
the surface dose and the dose uniformity of potatoes irradiated. The
developed dosimeter is made by solving two kinds of coloring materials,
Indigo Carmin and Triphenyltetrazolium Chloride, into agar solution.
The former is blue coloring material and it fades by irradiation, and
the later colors from colorless to red by irradiation. This dosimeter,
then, changes its color according to the irradiated dose as follows:
blue (non-irradiated)—slight blue (5 krad)—*-grayish white (10 krad)
—».pink (50 krad)—*red (100 krad)-=».purple (500 krad). So, it can
confirm the dose or the dose distribution by observing the coloring
of the dosimeter. And, moreover, by cutting or slicing it, three-
dimensional dose distribution can be observed easily.

In this report, details of the dosimeter and some application
to the experiment on sprout inhibition are described.
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DISINFESTING OF FRUIT AGAINST QUEENSLAND FRUIT FLY
BY GAMMA IRRADIATION

C.J. RIGNEY
Gosford Horticultural Postharvest Laboratory,
Gosford, New South Wales

P.A. WILLS
Australian Atomic Energy Commission,
Australia

ABSTRACT

The effectiveness of ganrna irradiation as a disinfestation treatment
of fruit against Queensland fruit fly has been re-examined in Australia.
This follows the probable ban on the use of ethylene dibromide (EDB) fumigation
in the international citrus trade. Results to date support the view that
emergence of adult flies can be eliminated by treatment of Queensland fruit
fly eggs and larvae with the low dose of 100 Gy. To completely kill the
eggs or larvae,and stop the development of pupae,however,requires treatment
of insects at doses higher than 100 Gy.
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EFFECTS ON STORAGE LIFE AND QUALITY OF IRRADIATED
MANGOES

D. BUANGSUWON, T. PUKRUSHPAN, C. CHETTANACHITARA,
W. DHIRABHAVA, M. WONGRAKPANICH, P. AKKARAVESSAPONG
Department of Agriculture,
Bangkhen, Bangkok, Thailand

ABSTRACT

Investigations on the effect of irradiation at 50 krad, hot water
treatment at 55 C for 5 min. and hot water treatment followed by irra-
diation were carried out on the mature green Keaw mango to eradicate
anthracnose disease development and delay ripening. Before introducing
all treatments,mangoes were inoculated with Colletotrichum
gloeosporioides. All samples were determined after stored at 10 - 2 C
and at 85% RH for 3 weeks. No difference in disease control between
untreated and irradiated batches, but fruits treated with hot water
followed by irradiation were significantly different from those from
untreated and irradiated batches. All treatments were effective in
delaying ripening. Higher dosage of irradiation with a combination of
hot water treatment was studied on colour break Pimsen Prure mango and
75 krad followed by hot water treatment proved to be promising.
Further study is being conducted.
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INTEGRATED STUDIES OF IRRADIATED PHILIPPINE MANGOES

J.A. MANALO, A. MARZAN, R. CUARTEROS,
E. LEGASPI, L. GARCIA, L. ESCA5JO
The Philippine Women's University, Manila,
Philippines

ABSTRACT

The combined hot water dip and irradiation method will be
tried as an alternative approach to minimize mango spoilage without
leaving any toxic residue. Results will be compared with mangoes
subjected to irradiation only and those without any preservation
treatment.

Mangoes will be subjected to hot water dip at 50 C for
15 minutes and irradiated with 70 krad, stored at ambient and
refrigerated temperatures and subjected to physical, chemical, and
sensory evaluations, using AOAC and other standard methods and
analysis. Economic feasibility of the process will likewise be
considered.
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RADIATION PRESERVATION OF DRIED FRUITS IN PAKISTAN

I. KHAN, M. JAN, M. WAHID, NEELOFAR, S. ATT A,
T. AKHTAR, A. AHMAD
Nuclear Institute for Food and Agriculture,
Tarnab (Peshawar), Pakistan

Abstract

The spoilage in dry fruits is due to insectinfestation and microbial attack which, can be avoided
by irradiating with gamma rays. The irradiation of anyfood upto one toad introduces no special nutritionaland microbiological problems. The effect of gammaradiation for the control of insects and microbialspoilage in some dried fruits like apricot, figs, dates,
raisins, walnuts, almonds, chalghoza and groundut wasinvestigated. A number of insects attacking the dry
fruits have been identified. The most common of them
were Tribolium and Sitotroara species. The extent of
damage to various fruits during a period of six monthshas been reported. It has been established that a dose
of 100 Krad could extend the storage life of these dryfruits for more than six months without adversely
affecting the physical characteristics and chemical
constituents. Since the problem of food spoilage isquite acute in Pakistan, it is emphasized that radiation
technology should be used commercially for foodpreservation.
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PROSPECTS AND PROBLEMS OF COMMERCIAL IRRADIATION
OF ONIONS AND POTATOES IN INDIA

P. THOMAS
Biochemistry and Food Technology Division,
Bhabha Atomic Research Centre, Bombay, India

ABSTRACT

The annual production of onions and potatoes in India in the
recent year was estimated to be 2.5 and 10 million tons respectively.

Experiments in traditional storage sheds under ambient condi-
tions have revealed that almost 30 to 507,, losses occur in onions during
3 to 4 months storage on account of sprouting, dehydration and microbial
spoilage. Irradiation was found to reduce the total losses by 15 to
207, under the above storage conditions. Trials with irradiated onions
have shown the great potential for minimizing the quality deteriora-
tion due to sprouting occurring in onions during rail transportation
from producing centres in Western India to North-Eastern India in the
winter months.

For maximal sprout inhibition and to limit the irradiation
induced discolouration of the inner meristem region, it was found
necessary to irradiate the bulbs within a fortnight of harvesting. A
further delay may cause a transient stimulation of sprouting with
consequent larger discoloured area of the internal sprouts.

Long term storage of irradiated potatoes under tropical
ambient conditions appears to be infeasible due to the incidence of
bacterial soft rot. However, irradiated tubers can be stored for
4 to 6 months with minimal losses at 15 or 10 C using mechanical
refrigeration. Alternatively, irradiated potatoes can be stored for
shorter durations in places where the ambient temperatures are cooler.

Irradiation was found to induce after-cooking darkening of
the tuber flesh in all the commercial Indian potato cultivars screened
so far. Evidence indicates that the darkening is due to changes in
citric acid and polyphenol levels occurring in irradiated tubers
during storage. Pre-peeling of the tubers prior to cooking can effec-
tively reduce the darkening in most of the cultivars.

Scaled up storage and transportation experiments are
underway to assess the commercial feasibility of irradiating onions
and potatoes.
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