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Abstract

This current world population has significantly added to the pressures placed upon
our finite resources and our resulting ability to feed ourselves. In order to cope with
current and future demands, the two established lines of action, that is, reduced
population growth and expansion of agricultural production, must be supplemen-
ted with the parallel activity of reducing food losses during and after harvest
For developing countries in particular, enormous post-harvest losses result from
spillage, contamination, pests and physiological deterioration during storage.
Studies in these countries indicate that post-harvest losses are enormous and
amount to tens of millions of tons per year valued at billions of dollars. Programs
to reduce post-harvest losses, if applied properly, can result in realistic yield
increases between 10 and 30%, wich can be directly converted into increased
consumption for humans.
Post-harvest losses vary greatly and are a function of the crop variety, pest
combinations in the environment, climate, the system of harvesting, storage,
handling, marketing, and even the social and cultural environment. Pests are
among the most criticals of these factors. Because of the disastrous potential
consequences of such pests, quarantine regulations prohibit the entrance of plants
or products wich might hide the unwanted pest from countries where it is known
to exist. Quarantine treatments are can be chemical, physical or ionizing radiation
treatment. Numerous investigaations on the use of ionizing radiation for the
disinfestation of fresh plant materials indicate that rather low dosages will control
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fruit-fly problems, thus making it well suited for quarantine treatment. The
effectiveness of irradiationas a broad spectrum quarantine treatment of fresh fruits
and vegetables was recognized by the several plant protection organizations
around the world.
Currently, some 40 countries have approved one or more irradiated fodd items or
groups of food including fresh fruits and vegetables for consumption. It is anticip-
pated that the USDA will soon allow irradiation to be used as a quarantine
treatment against major species of fruit flies regardless of commodities on a routine
basis. The interest in usig irradiation as a quarantine treatment of fresh and stored
food products has increased recently because methyl bromie (MB), the most
widely used fumigant to control insects in food and agricultural commodities, is
being phased-out globally under the international treaty for the regulation of ozone
depleting substances (Montreal protocol). Thus, the potencial application of ioni-
zing irradiation as aquarantine treatment appears to be very promising.

Introduction

The world population is currently at about 6 billion people. This level of population has
significantly added to the pressures placed upon our finite resources and our resulting ability
to feed ourselves. In order to cope with current and future food demands, the two traditional
lines of action, that is, reduced population growth and expansion of production, must be
supplemented with the parallel activity of reducing food losses during and after harvest.

In all countries, but developing countries in particular, enormous post-harvest losses result
from spillage, contamination, insect attack, birds, rodents and physiological deterioration
during storage. Studies in these countries indicate that post-harvest losses of major food
commodities are, indeed, enormous and amount to tens of millions of tons per year valued
at billions of dollars. If we take these loss figures and multiply them by the current production
figures, we start to see the enormity of the problem. Programs to reduce post-harvest losses,
if applied properly, can result in realistic yield increases between 10 and 30%, which can be
directly converted into increased consumption.

Post-harvest losses vary greatly and are a function of the crop variety, the pest combinations
in the environment, climate, the system of harvesting, storage, handling, marketing, and even
the social and cultural environment. The actual causes of post-harvest losses are numerous
and can be classified into two major groups, the primary and secondary causes of post-harvest
losses.

The primary causes of loss are those causes that directly affect the food and are classified as:

(a) Biological. This relates to consumption of food by insects, rodents, birds, which result
in direct disappearance of food. Sometimes the level of contamination of food by the excreta,
hair and feathers is so high, that the food is condemned for human consumption. Insects
cause both weight losses to the consumption of food and quality losses because of the
webbing, filth and odors that they impart to the foods.

(b) Microbiological. This refers to damage of stored food by fungi and bacteria. Although
microorganisms usually consume only small amounts of food, they damage it to the point
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where it can become unacceptable because of rotting or other defects. Toxic substances
produced by molds, such as mycotoxins, can cause food to be condemned and not even
usable as feed.

(c) Chemical. Many of the natural chemical constituents present in foods can react causing
loss of color, flavor, texture and nutritional value. An example is the Maillard reaction that
causes browning in dried fruits.

(d) Biochemical. A number of natural enzyme-activated reactions such as polyphenol
oxidase can occur in foods during storage giving rise to off-flavors, discoloration and
softening. Another example of this problem is the unpleasant flavors that develop from frozen
vegetables that have not been blanched in order to deactivate the responsible enzymes before
freezing.

(e) Mechanical. Bruising, cutting, excessive peeling or trimming of agricultural products
also results in losses.

(f) Physical. Excessive or insufficient heat or cold can spoil foods. Improper atmosphere
in closely confined storage at times causes very significant losses.

(g) Physiological. Natural respiratory losses which occur in all living organisms account
for a significant level of weight loss and, moreover, generate heat. Changes which occur during
maturation such as ripening, wilting, and sprouting, may also increase the susceptibility of
the commodity to mechanical damage or infection by pathogens. A reduction in nutritional
level and consumer acceptance can also arise with these changes.

Of the above primary causes of losses, the biological, microbiological, mechanical and
physiological factors are responsible for the majority of losses in perishable crops.

Secondary causes of losses are those that lead to conditions that encourage a primary
cause of loss. They are usually the result of inadequate or non-existent storage structures,
technologies and quality control. Some examples are as follows:

(a) Inadequate harvesting, packaging and handling skills.

(b) Lack of appropriate containers for the transport and handling of foods.

(c) Inadequate storage and transportation facilities.

(d) Most important of all, is the lack of knowledgeable management and technology that
is essential for maintaining food in good condition during storage and marketing.

It is, of course, impossible to cover in detail all the implications of inadequate post-harvest
practices, however, the topic of insect infestation will be examined to illustrate some of the
issues involved. It is fairly evident what the consequences of direct food consumption by
insects is; it is simply less food available for people. A very important secondary consequence
is the removal of affected food commodities from trade, as a result of quarantine.

The world today is characterized by intensive traffic of people and goods. Modern air, sea
and ground transportation brings the most distant places of the earth in close contact with
one another. This situation is desirable and of great benefit to us all. However, it also creates
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some dangers which did not previously exist. Among these is the movement of pests such as
insects from country to country.

These pests have evolved through an equilibrium with their natural environment. When
such pests move from their home country to new areas, without their natural enemies, they
can become unmanageable and flourish, often resulting in very serious consequences.
Introduction of pests to new environments has become the major avenue by which insects
become pests.

Insects are distributed by international trade and by tourism. To prevent or minimize this
risk, countries have established quarantine measures supported by laws and regulations. This
can create significant barriers to international trade and the free flow of plants and plant
products.

An example is the Mediterranean fruit fly, or medfly, which is one of the most feared pests
of many countries. The medfly originated from East Africa, and spread during the 19th and
20th centuries to many countries in the tropics and sub-tropics. The female flies deposit their
eggs in ripe fruit and the larvae dig into the fruit itself, resulting in microbial decay. All types
of fruit, including citrus fruit and many other tropical fruits are among the casualties. Such
damage can result in losses of 80-100% of the crop.

Quarantine measures

Because of the disastrous potential consequences of such pests, quarantine measures are
enforced by law. Quarantine regulations prohibit the entrance of plants or plant products
which might hide the unwanted pest from countries where it is known to exist. Inspections
are carried out in the ports of entry with the objective of intercepting and destroying
contaminated material.

Exemption from such quarantine is granted only on assurance that agreed measures to
disinfect the plant material have taken place. Such measures could consist of specific
treatment of the material at the point of origin, in transit or at the port of entry.

Quarantine treatments can be placed into 3 categories

Chemical treatments - these are fumigants for pests which occur inside or on the surface
of the plant or plant product. Until a few years ago, Ethylene-dibromide (EDB) was the most
common example of this. In 1984, the U.S. banned it's use on grain, after it was recognized
as a possible carcinogen. Since then it's use as an agricultural pesticide has been banned in
most countries. A victim of this ban has been the Caribbean Basin Initiative which was
organized to promote the import of fruit to the US from the Caribbean. Before it got off the
ground, EDB use was banned and untreated fruit was excluded from import.

Non-chemical methods comprise the next 2 categories

B. Physical treatments - These are high or low temperatures treatments applied in various
ways. Cold treatment as a quarantine measure for fruit flies is a rather old method. It requires
the long-term storage of 10 to 15 days of the packed fruit (citrus) at temperatures ranging
from 0.5°C to 2.0°C. Unfortunately, the method is 3 to 5 times more expensive than EDB and
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this long period may fail due to the breakdown of cooling or monitoring equipment. It is also
relatively damaging to certain varieties of fresh fruits or vegetables which cannot tolerate
excessive cold such as papayas, avocados and mangoes.

High temperature treatments, such as double hot water dipping, are also used for mangoes
and papayas, but fruit quality can suffer substantially.

C. Ionizing radiation. Numerous investigations on the use of ionizing radiation for the
disinfestation of fresh plant materials for quarantine purposes have been completed. Recent
studies show that rather low dosages of ionizing radiation will control fruit fly problems. This
makes the use of irradiation for quarantine treatment a practical possibility.

The role of irradiation as a quarantine treatment of fresh fruits and vegetables was first
evaluated internationally by a group of experts convened by FAO and IAEA in 1970 (IAEA,
1971). Although it was recognized at that time that irradiation was an effective quarantine
treatment of such commodities, there was no economic incentive in using it commercially in
view of the wide application of fumigation , especially using ethylene dibromide (EDB), to
overcome quarantine barriers.

Following the ban of EDB in the USA in 1984, the International Consultative Group on
Food Irradiation (1CQFI), convened a Task Force on Irradiation as a Quarantine Treatment
to evaluate available data on radiation sensitivity of various fruit fly species and other arthropod
pests, and phytotoxicity of commodities treated for this purpose. On the basis of these data,
the Task Force recommended a generic dose of 0.15 kGy (minimum) as a quarantine
treatment of fresh fruits and vegetables against fruit flies of the Trephritidae family, and 0.30
kGy (minimum) against other arthropod pests including mango seed weevils (1CGF1, 1986).

Additional data on radiation sensitivity of several more fruit fly species, other insects and
mites were generated by the FAO/1AEA Co-ordinated Research Program on the Gse of
Irradiation as a Quarantine Treatment of Food and Agricultural Commodities, in operation
between 1986 and 1990. Data from this international co-ordinated research program together
with those on the use of conventional quarantine treatments were evaluated by the second
Task Force on Irradiation as a Quarantine Treatment of Fresh Fruits and Vegetables,
convened by the 1CGFI, in 1991. The Task Force recognized that adequate data exist to
establish radiation doses that will meet quarantine security for a number of pest species in
various host commodities. The security levels were defined in terms of non-emergence of
adults capable of flight or reproduction following irradiation of eggs and larvae. As data
generated since 1986 strengthened the earlier findings, the Task Force reaffirmed the earlier
recommendations made in 1986 on the acceptance of generic doses of irradiation as a
quarantine treatment of fresh agricultural commodities. It also stated that irradiation is an
effective broad spectrum quarantine treatment against various species of fruit flies and other
insect pests regardless of the host commodities (ICGFI, 1991).

Recognition of irradiation as a quarantine treatment

The effectiveness of irradiation as a broad spectrum quarantine treatment of fresh fruits
and vegetables was recognized by the North American Plant Protection Organization (NAPPO)
in 1989. In addition to NAPPO, other regional plant protection organizations which operate
within the framework of the International Plant Protection Convention, including European
Plant Protection Organization (EPPO), Asia and the Pacific Plant Protection Commission
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(APPPC), Comite de Sanidad Vegetal del Cono Sur (COSAVE), Organism International
Regional de Sanidad Agropecuaria (OIRSA), etc., endorsed irradiation as a quarantine
treatment of fresh horticultural products at the Technical Consultation of Regional Plant
Protection Organizations, held in San Salvador in 1992 (FAO, 1992).

At the NAPPO Annual Meeting in 1994, the CJSDA tabled a "Position Discussion (Document
III) on the Application of Irradiation to Phytosanitary Problems" for discussion among NAPPO
delegates (representatives of national plant protection from Canada, Mexico and GSA). The
discussion at the NAPPO Meeting had provided sufficient incentive for the GSDA/APHIS to
issue a clear policy on irradiation as a phytosanitary treatment in May 1996. This policy will
allow irradiation to be used as a quarantine treatment of fresh fruits against major species of
fruit flies, at specified minimum doses, regardless of host commodities and countries of origin
(CJSDA, 1996). In response to the petition from Hawaii, the CJSDA has approved the use of
irradiation as a quarantine treatment of fresh papaya, lychees and carambola against fruit fly
infestation at a minimum dose of 250 Gy in July 1997 (CJSDA, 1997). NAPPO has also issued
a standard on irradiation as a phytosanitary treatment of fresh horticultural produce in April
1997 (NAPPO, 1997).

Currently, EPPO is evaluating quarantine procedures and measures as a follow-up to the
European Single Law Act which has been in force since 1993. The Act allows free circulation
of any goods including food and agricultural products, throughout its member countries
without restrictions. A number of food and agricultural commodities imported from other
regions may harbor insect pests which could damage local agriculture in some member
countries of the EG, especially those in the sub-tropical areas around the Mediterranean.
Countries such as Spain, Israel, Egypt and Morocco which are members of EPPO, are
producing increasingly large quantities of fruits such as mangoes, papaya, pineapple, and
banana which may become host to a number of exotic fruit fly species. Thus, quarantine
barriers may soon be imposed by the EG to protect local agriculture. Irradiation as a
quarantine treatment of fresh horticultural products is being considered by EPPO, along with
other treatments, as a measure to overcome such barriers.

Approval of irradiated fresh fruits and vegetables

Although the Codex Alimentarius Commission recommended acceptance of all foods
irradiated with doses up to 10 kGy, most governments opted for approval of irradiated food
on an item-by-item basis, and occasionally on specific groups/classes of food, e.g. fruits,
vegetables, cereals, roots and tubers, etc. Currently, some 40 countries have approved one
or more irradiated food items or groups of food including fresh fruits and vegetables for
consumption. It is significant to note that while the G.S. Food and Drug Administration has
approved all types of irradiated fresh fruits and vegetables, treated up to a maximum dose of
1 kGy, the GSDA/APHIS, however, has issued a specific regulation on irradiation as a
quarantine treatment of only three fruits from Hawaii against fruit fly infestation. It is
anticipated that the GSDA/APHIS will soon allow irradiation to be used as a quarantine
treatment against major species of fruit flies regardless of commodities on a routine basis.

Future prospects of irradiation as a quarantine treatment

Irradiation offers a broad scope as a quarantine treatment of fresh horticultural produce.
However, with the exception of Trephritidae fruit flies and codling moth, there is little data to
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demonstrate the efficacy of this treatment against a range of other arthropod pests of
quarantine importance. The Joint FAO/IAEA Division of Nuclear Techniques in Food and
Agriculture therefore decided to sponsor an international Co-ordinated Research Program
(CRP) on Use of Irradiation as a Quarantine Treatment of Mites, Nematodes and Insects other
than Fruit Flies since 1992. Data generated under this program during the past 5 years will
be presented at the final meeting of its research workers in Honolulu, 3-7 November 1997
demonstrate that irradiation has a potential to be used as a quarantine treatment against a
wide range of pests such as mites, thrips, weevils, and nematodes.

The interest in using irradiation as a quarantine treatment of fresh and stored food products
has increased recently because methyl bromide (MB), the most widely used fumigant to
control insects in food and agricultural commodities, is being phased-out globally under the
international treaty for the regulation of ozone depleting substances (Montreal protocol). At
the last meeting of the Parties to the Montreal Protocol, held in Montreal, in September 1997,
it was agreed that MB should be phased-out according to the following schedules:

Advanced countries

Developing countries

25% reduction bv 1999
50% reduction by 2001
70% reduction by 2003
Phase-out bv 2005
20% reduction bv 2005
Phase-out bv 2015

The USA which is the main producer and exporter of MB faces a different situation because
of its Clean Air Act of 1990. Under this Act, any substance which has an ozone depleting
potential (ODP) of 0.2 and above must be phased out immediately. MB is reported to have
ODP of between 0.5 to 0.7. The US Environmental Protection Agency has already issued a
Final Rule to prohibit the production and consumption of MB by 31 December 2000, with no
exemption (EPA, 1993).

Research data have demonstrated that irradiation could be used as a quarantine treatment
instead of MB for a number of food and agricultural commodities. With the phase-out date
of MB in the USA drawing near, there will be an increasing pressure to use irradiation as a
quarantine treatment within the USA. A small commercial irradiator will soon be built in Hawaii
to treat a number of fruits from this State to the US mainland market. Such commercial
application could result in increasing trade in irradiated fruits and vegetables, treated to
overcome quarantine barriers, between the USA and its trading partners.

Implications to international trade in irradiated food

The Agreements adopted during the Uruguay Round of GATT Multilateral Trade Negotia-
tion, especially the one on the Application of Sanitary and Phytosanitary Measures (SPS),
which have already entered into force since 1 January 1995, will have a far reaching impact
on international food trade including irradiated food. Under the Agreement, governments
which have import regulation stricter than recognized international standards, guidelines and
recommendations, may be requested to furnish justifications based on scientific grounds to
the World Trade Organization (WTO). Under the SPS Agreement, the following international
competent bodies are recognized to advise the WTO with regard to settling trade dispute in
food and agricultural products:
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a. Codex Alimentarius Commission (food safety and human health).

b. International Plant Protection Convention (plant protection and quarantine).

c. International Office of Epizootic (animal health).

As stated earlier, there is already a worldwide standard for irradiated food recommended
by the Codex Alimentarius Commission to all its member governments for acceptance in
1984. Regional plant protection organizations operating within the framework of the 1PPC,
have endorsed the use of irradiation as a quarantine treatment for fresh horticultural products
since 1992. Thus, non-tariff barriers to foods by importing countries solely because of an
irradiation treatment is no longer be acceptable under the WTO procedures. International
trade in irradiated food including fresh fruits and vegetables to overcome quarantine barriers,
therefore, is likely to increase in the near future.

Insect quarantine measures serve as only one example. There are several other applications
for food irradiation in the reduction of post-harvest losses. Although extensive research has
documented the usefulness and safety of ionizing radiation for these purposes its potential
value can only be realized if it is put to practical use.

The actual dose of radiation employed in any food processing application represents a
balance between the amount needed to produce a desired effect and the amount the product
can tolerate without suffering unwanted changes. In fresh fruits and vegetables, excess
irradiation may cause softening and increase tissue permeability. On the other hand, since
irradiation slows down the rate of ripening of fresh fruits and vegetables, properly stored and
packaged products remain in usable condition considerably longer than they would without
radiation processing.

Some other examples of the use of radiation to enhance the safety and quality of food are
explained below:

Control of sprouting and germination

Control of sprouting is critical for the effective storage of certain commodities. Currently
sprout inhibition is carried out through a combination of chemical treatment and cold storage.
Most people do not realize that many common foods such as potatoes receive chemical
treatment to prevent sprouting. This is understandable because potatoes don't look like they
have been treated and they are not labeled. Several chemical compounds are permitted for
use as sprout inhibitors. Maleic hydrazide is applied in the field and works systemically. It is
first absorbed by the leaves and then is translocated to the tubers. Isopropyl-N-Chlorophenyl
Carbamate or Chlorpropham is another chemical used, but is directly applied to the potatoes
before storage. Tetrachloronitrobenzene or Tecnazene which has come under fire from U.K.
environmentalists is also commonly used as a sprout inhibitor.

An alternative is ionizing radiation. It brings out a rather interesting issue. Many people who
are concerned with the environment have a natural aversion to anything remotely related to
nuclear energy. Yet, it seems logical that the irradiation of potatoes would be far more benign
to the environment than is the current application of chemicals such as chlorinated hydro-
carbons.
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Controlling the germination of barley during malting is of considerable economic impor-
tance. Low doses applied to air-dried barley do not prevent the emergence of shoot tips and
tendrils during malting, but does retard root growth. In this way, high quality malt can be
obtained while the losses resulting from root growth are reduced. Since this effect of radiation
processing persists for many months, treatment can be applied before the barley is put into
storage, with the added benefit of destroying any insect pests that may be present in the grain. In
fact, small radiation doses (0.01-0.10 kGy) stimulate the germination of barley, a result that can
be used to shorten the malting process and increase the production capacity of malting plants.

Shelf-life extension of perishable foods

One of the principal uses of food irradiation is for killing the microorganisms that cause
spoilage or deterioration of the product. The shelf-life of many fruits and vegetables, meat,
poultry, and fish and other seafood can be considerably prolonged by treatment with
combinations of refrigeration and relatively low doses of radiation that do not alter flavor or
texture. Many food spoilage microorganisms are killed at doses of less than 5 kGy. Various
fresh fruits, including strawberries, mangoes and papayas, have been irradiated and marketed
successfully.

Delaying ripening and aging of fruits and vegetables

Exposure to a low dose of radiation delays the ripening and/or senescence of some fruits
and vegetables, thereby extending their shelf-life. The magnitude and even the direction of
such changes depend on the size of the dose and the state of ripeness at the time of treatment.
A measurable extension of shelf-life may be obtained with does of 0.3-1.0 kGy. This level of
exposure will increase the shelf-life of mangoes by about one week and that of bananas by
up to two weeks. Maturation of mushrooms and asparagus after harvesting can be retarded
with doses in the range of 1.0-1.5 kGy. Currently chemical treatment is used to delay ripening.

Destruction of parasites

Irradiation inactivates certain parasitic organisms that are responsible for both human and
animal diseases. The parasitic roundworm Trichinella spiralis, which causes trichinosis and
is found in pork, is inactivated by radiation at a minimum dose of 0.15 kGy. Other parasites,
including pork and beef tapeworms, the protozoan in pork responsible for toxoplasmosis, and
various flukes that infest fish are rendered non-infective by low dose radiation treatment.

Irradiation is beneficial in controlling the microbial contamination of dry food ingredients,
and this improves the safety and storage properties of foods prepared with them. Spices, dry
vegetable seasonings, herbs, starch, protein concentrates, and commercial enzyme prepara-
tions used in the food industry are very often heavily contaminated with spoilage and
pathogenic organisms.

Currently irradiation will find practical uses only in advanced post-harvest systems where
the distribution infrastructures are reliable and highly efficient. With the possible exception of
plantation crops such as large scale roots and tubers, coffee, tea, and spices or seafood, food
irradiation has very limited use at present in developing countries. The focus in these countries
will continue to remain on improving of small-scale village storage and marketing systems to
ensure minimum losses.
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The benefits that flow from the establishment of an orderly and efficient post-harvest system
are very significant. Such a system creates the climate of confidence required to persuade
subsistence farmers to produce beyond what they require for themselves. It substantially
increases the availability of food, it improves people's well-being through improved nutrition,
and it reduces the outflow of foreign currency resulting in general economic benefits for all.

Rationally conceived, well-ministered post-harvest systems have helped to make the supply
of food crops more consistent and reliable, as well as discouraging cycles of boom and bust,
with resultant wildly fluctuating price levels. In addition, an orderly post-harvest system offers
many opportunities for increased rural and urban employment, that is, employment in
harvesting, grading, storing, transportation, processing and marketing.

A good post-harvest system has other benefits too. It reduces spoilage and will enhance
the acceptability, utility and nutritional quality of foods. It leads to the establishment of entirely
new industries that produce processed foods and provides a consistent year-round demand
for indigenous crops.
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