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FOREWORD

International interest in the industrial use of ionizing radiation as
a means of food preservation has increased rapidly following the
favourable outcome of many years of intensive research on the health
implications of food irradiation. The introduction in the U.S. and
elsewhere of legislation restricting the use of chemical additives to
foods for both human and animal consumption has contributed to this
development.

It is evident that a high priority must be given to coordinating
legislation on food irradiation within the European Community if
international trade in irradiated foods is to make progress and food
losses by spoilage and by insect infestation are to be minimised.

This Seminar has been arranged to provide an opportunity for those
with an interest in food preservation in Ireland to hear speakers
from the United Kingdom, France and Germany describe the legislative
and developmental situation in their respective countries. The
implication for the Irish food industry will be presented by
scientists working on food research and development and regulatory
aspects in Ireland will also be discussed,

Noel V. Nowlan
Chief Executive
Nuclear Energy Board



OPENING ADDRESS

Dr. P. Ryan
Director, An Foras Taluntais

We can no longer be complacent about our food industry - living

in the luxury of belief that our traditional products .and processes.

will continue to find profitable markets not alone abroad but at

home as well. VcTj, recent events in the common organisation of

the European market for milk products, for example, have delivered

a sharp jolt to any complacency even as to the immediate future.

It is a well-worn cliche that Ireland is a small food-exporting

nation but its repetition does not in any way lessen the importance

of food processing to the national economy and particularly to

employment and the balance of payments. Now that Ireland is and

will remain inextricably in an international economy, we cannot

afford to ignore developments in the international food arena and

particularly that of Europe.

The European industry has so radically changed in recent times that,

now processing 70 per cent of the Continent's agricultural output,

it is Europe's second most powerful industry with an increasing surplus

for export. At the same time even more rapid advances in production,

processing and marketing have marked the industry in the other two world

giants, the U.S. and Japan. The latter's progress has been the direct

result of scientific and technological advances, many of which have been

unique in the history of science.

In this maelstrom of sustained technical progress how much more crucial

it is for a little island like Ireland to maintain the technical standards
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necessary to remain competitive. Without these standards, we

have no hope of national economic take-off.

Irradiation techniques have long been recognised as of practical

value in food processing but they have made significant advances

in the past few years. In the short to medium term future we will

see irradiation of meat and fish for the elimination of salmonella,

the extension of shelf life in fruits, fish and meat and to inactivate

pathogenic microorganisms in foods. I am certain that irradiation

in combination with other developing techniques will enhance the

quality and range of foods available to the consumer.

There remains however a sizeable barrier to commercially successful

food irradiation - consumer suspicions about the wholesomeness of

foods subjected to radiation. These suspicions are reinforced

as a result of the modern trend towards consumption of ready-prepared

foods from more distant sources. The greater the distance between

the consumer and the origin of what he eats the greater his mistrust

of the product. It is obvious then that objective science-based

information on quality and nutritive value must be freely disseminated

in the interests of both the consumer and the industry.

Despite the difficulties in increasing the resources involved, I

remain very disappointed at the pathetically low expenditure in food

R and D. For Europe as a whole it is less than 0.5 per cent of turnover.

There is also a most uneven distribution of this food research effort.

Some countries have significant scientific strength with multinational

laboratories or large establishments funded by groups of industrialists.
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Other countries and sectors have sub-critical levels. Particularly

in countries like our own I would appeal to industry in general

to avail itself more of the science resource that exists in our

Universities and Research Institutes and which in a number of areas

is largely untapped. Funds are available to facilitate collaboration

of this nature; it is to the benefit of both and can also lead to

access by Irish scientists to centres of critical mass abroad, absence

of which is a serious drawback. This development would also obviate

the risk of sane large canpanies monopolosing the exploitation of new

technologies to the detriment of smaller firms or even of smaller nations.

The risks of consumer suspicion on the one hand and of a widening

technological gap on the other will be eliminated by an improved

understanding and greater awareness of the concepts and issues involved.

I see this as an essential purpose of the Seminar which I welcome as

both timely and appropriate. Allow me to congratulate the

organisers on their initiative in organising the Seminar which has the

essential ingredients to guarantee its success - eminent international

speakers and participation of industry as well as of specialist

scientists.
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FOOD IRRADIATION - GENERAL ASPECTS

/•. J. Ley
Isotron pic, fflgin Estate, Swindon SN2 6DU, UK

INTRODUCTION

Irradiation of food for preservation or other purposes specifically

involves the use of ionising radiations and, in particular, gamma rays

from natural or artificial radionuclides, X-rays and highspeed electons

produced from electrical machines. Gamma rays occupy part of the

electromagnetic spectrum of X-rays; they are identical in nature,

the two names being retained to indicate the mechanism of their generation.

Such radiations are capable of ejecting electrons from atoms producing

positive ions and free electrons which themselves eject electrons

from atoms or may become attached to form negative ions. Ionisation

and other processes occuring in the atoms of molecules leads to complex

reactions and a variety of chemical changes can ensue. The nature

and importance of such changes which might occur in irradiated food

has been the subject of intense study. It should be made clear that

the radiations which are proposed for use are not of sufficient energy

to induce any change in the nuclei of the atoms of the elements of

food. No induced radioactivity will occur no matter how high the

dose applied. The use of the types of radiation referred to, has

been long familiar in medical practice, in both diagnosis and therapy;

in the latter case in relation to inactivation of viable tumour cells.

Not so widely appreciated is the remarkable impact of radiation sterilization

as applied to medical devices, particularly plastic disposables, surgical

dressings, sutures and Pharmaceuticals. In contrast, practical application

in the food industry has been small scale and spasmodic and often

confined to pilot scale processing and market trials. This is largely

due to the question of safety for consumption.

Food processes such as those based on heat, drying or freezing have

been accepted as safe largely because of traditional use and even

infra-red and UV were readily implemented. Irradiation as a food

process was conceived at a time when such treatment was associated

with the atom bomb and with induced radioactivity and at a time of

increasing awareness of hazards to man through contd..
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TABLE 1

Doses required for chemical and various biological applications of radiation

Application Dose Range (Mrad)

Modification of the properties of

polymers e.g. polyethylene or PVC 5.0 - 25.0

Long term ambient storage e.g. meat 4.0 - 6.0

Inactivation of Anthrax in hair or fur 2.0 - 2.5
Sterilization of medical devices and ...,_ 2 _
Pharmaceuticals. '•* " "*

Sterilization of packaging materials
for medical or food use. 1.0-2.5

Rendering laboratory animal diets

'pathogen-free1 1#0 " '*

Decontamination of food ingredients 0.7 - 1.0

Inactivation of Salmonella 0.3 - 1.0

Reduction of micro-organisms in cosmetics 0.3 - 1.0

Extended storage of meat or fish (0°C - 4°C) 0.2 - 0.5

Prolongation of fruit storage 0.2 - 0.5

Control of' parasites 0.01 - 0.2

Control-of insects 0.01 - 0.2

Inhibition of sprouting e.g. in potatoes 0.01 - 0.02

Increase in mutation rate in seeds and plants 0.001- 0.01

To convert Mrad to kGy multiply by 10 i.e. 5 Mrad = 50 kGy
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dietary changes and the use of chemical additives. National health autho-

rities took the view that irradiation should be regarded as hazardous until

proved safe. This unique situation for a food process presented experi-

mental problems in demonstration of safety which have proved very long

term and expensive. Much effort has been provided by the United States

through government agencies and the army, whilst in Europe many countries

contributed to an international programme of research beginning in 1970 and

devoted entirely to this question. Details are given in the papers which

follow.

UNITS

The size of radioactive source has up until now been expressed in the very

familiar 'curies'. 1 curie represents 3.7 x 10 disintegrations per second,

chosen because this corresponds to 1 gram of radium. Radiation sources used

for food irradiation are expected to be of sizes between 1 x 10 and 1 x 10

curies; the latter figure is referred to as a megacurie source. However,

the curie is currently being replaced by the 'bequerel1. 1 bequerel

is equivalent to 1 disintegration per second; a megacurie source will

therefore become 3.7 x 10 bequerels, a rather extraordinary figure!

The quantity of radiation absorbed by the product being irradiated has for

many years been expressed in 'rads1. 1 rad is equivalent to 100 ergs of

energy absorbed per gram of product. Again, this unit is changing this

year to become 'gray' units. 1 gray represents an absorption of 1 Joule

per kilogram of product and is equivalent to 100 rad. A dose of 1 megarad

of radiation becomes 10 kilograys.

The changes bring the units in line with the International System of Units

(SI). They are summarised as follows:

1 .rad (rad) = C O l gray (Gy); 1 Gy = 1 Jkg"1

1 curie (Ci) = 3.7 x 10 bequerels (Bq);

1 Bq = 1 dis sec"

GENERAL USE IN INDUSTRY

The general potential of irradiation for the treatment of food is

seen in Table 1. alongside other processes currently in commercial use
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in chemical and general biological areas. This brings into context the

dose lev/els required to bring about desired effects. Level of cjoee As

directly related to the size of the radioisotope source required or the

power of the electron machine to be installed. In the chemical area

requiring high doses to be delivered to high throughputs'of wire and cable

or fast moving film, the electron machine has been the choice, such machines

produce millions of rads in fractions of a second. Because of the limiting

electron penetration of foods, machines are most suitable for in-line operation

involving the treatment of individual packs no more than a few centimetres

in thickness, however, there have been recent advances in the design of

such machines and progress in the more efficient production of penetrating

X-rays.

Gamma rays are very penetrating and they are particularly suitable in the

medical sterilization area where there is a considerable attraction in pro-

cessing products in their final shipping carton. Cobalt 60 with a half-life of

5.3 years, is the most attractive-radioisotope. It can be produced in large

quantities in certain nuclear reactors by bombardment of the inactive cobalt

59 with neutrons for periods usually in excess of 6 months. Canada is the

main source of supply with smaller quantities available from France and

the UK. Altogether some 100 plants are operating world wide. These plants

currently house about 5Q million curies between them with a capacity to

build up t.o 100 million and there are several more plants now under construc-

tion. Following the commissioning in the UK of the first ever large-scale

cobalt 60 plant in I960, 8 are now in operation. There could be heavy demands

to be met if food irradiation is implemented even in limited areas, and no

doubt there will be a place for both radiosotope and machine sources.

STIMULATION OF INTEREST IN FOOD IRRADIATION

In December 1979 the Codex Alimentarius Commission of the United Nations

adopted a Recommended International General Standard for Irradiated Foods and

Recommended International Code of Practice for the Operation of Radiation

Facilities for the Treatment of Foods, fundamental to which is acceptance

that the wholesomeness of irradiated food is not impaired by treatment up

to an overall dose of 1 Mrad (lOkGy). The Standard is also concerned with

the nutritional and microbiological aspects of safety. This recommendation

for a general clearance up to a maximum dose level of 1 Mrad comes as a

result of the examinations by a UN Expert Committee of the scientific evi-
dence on safety.



TABLE 2

Food applications of particular interest below
the upper limit of the recommended dose* of 1.0 Mrad

General
Application

Specific
Examples

Dose
(Mrad)

Decontamination of
food ingredients

f Various spices
J Onion powder
] Dyes
v Mineral supplements

1.0

Inactivation of
Salmonella

Meat and poultry
Egg products
Shrimps and frog legs
Meat and fish meal

0.3 - 1.0

Extended storage
of fruit etc.

Inhibition of
sprouting or growth

fJ</

f
1

Strawberries
Mangoes
Papayas
Dates
Cocoa beans

Potatoes
Onions
Garlic
Mushrooms

0.2 - 0.5

0.01 - 0.3

to convert Mrad to kGy multiply 10 i.e. 1 Mrad = 10 kGy

* With respect to the acceptability of any foods - Report of
a Joint FAO/IAEA/WHO Committee (Anon 1981 a).
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If legislation is amended to allow food irradiation up to a dose of 1 Mrad

(lOkGy), the potential for the process is wide, Table 2. Control, of micro-

organisms features predominantly. A wealth of information is available illus-

trating quantitative inactivation of microbial populations end the influence
2

of environmental factors. In general, viruses are more resistant than
bacterial spores; vegetative organisms, moulds, parasites and insects follow

in descending order. Bacetrial populations of spores would be reduced in number

by a factor of approximately 10 by 1.0 Mrad (10 kGy), whereas Salmonella

species would require only 0.5 Mrad (5 kGy) to achieve this level of inacti-

vation. Of immediate commercial interest is the treatment of ingredients.

In some instances irradiation could replace ethylene oxide gas for the control

of micro-organisms and insects in spice and seasoning manufacture. The quan-

tities involved are within the current capacity of existing radiation plants

and the product is expensive enough to tolerate the extra costs. Similarly,

Salmonella control is quite practical, although new commercial facilities

would be required.

COMMERICAL PROGRESS

Gamma radiation has been used in the UK for the sterilization of laboratory

animal diet since 1962, altho'igh no food for human consumption has been in

general distribution. Other countries also use irradiated diets, bringing

the total currently in use to about 1,500 tonnes per annum. The diet is

intended for- specified pathogen-free and germ-free breeding colonies and use-

ful experience for microbiological control has been gained, as well as evi-

dence of the absence of toxic effect and minims! change of nutritive value.

The only exception to the UK prohibitive legislation on human foods is the

use of irradiation to treat food intended for. patients in hospital who need

sterile diets because their natural resistance to infection has been impaired.

The situation is similar in the United States, although a move has been made

by the FDA towards accepting irradiation of any foods for general consumption

up to a dose of 0.1 Mrad (1 kGy), a factor of 10 below the UN recommendation,

which is yet to be considered. The use of doses greater than 0.1 Mrad (lkGy)

requires supporting evidence from toxological and mutagenic tests on the food

involved. The exception is food which comprises no more than 0.01 per cent of

the daily diet when 5 Mrad (50 kGy) allowed, here the FDA no doubt has in mind
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spices and other minor ingredients. A dose of 0.1 Mrad (1 kQy) may be in use

shortly for the control of Mediterranean fruit fly which seriously infests

Californian fruits; irradiation would replace ethylene dibromide treatment.

A number of the applications are already in commercial use in other countries.

The first efforts directed to commercial use were made in the early '60s and con-

centrated on potatoes. Demonstrations were given using mobile irradiators

both in Canada and in the USSR.

PLANT DESIGN

The main objectives in designing an irradiation plant are a high utilization

of the radiation energy, i.e. high efficiency, and uniform dose throughout

the product. Other considerations include a minimum hold-up time in the

process and ease of replenishing the radioactive source. To achieve a high

efficiency of utilization of the gamma radiation energy it is necessary for

the product being treated to occupy a large fraction of the solid angle

surrounding the source and to be present in sufficient depth so that the gamma

rays are considerably attenuated in passing through it. This latter presents

some difficulty when the bulk density of the material being processed is low.

Figures 1 and 2 shows the elements of two designs of 'continuous' plant in

whi^h containers of standard size carry product into a suitable concrete

cell. One design uses a roller conveyor system and the other a monorail.

In either case the containers are pushed by hydraulic or pneumatic rams to

and fro across one face of the source and then move across to the other face

for similar treatment before emerging. The transfer is so arranged that half

the dose is given through one side of the package and half through the oppo-

site side: the minimum dose is received by the plane midway between those

two sides, and the ratio of maximum io minimum dose is determined by the

thickness and density of the product. The safe store position for the source

may be either a deep-water pond 6m deep or a shielded trench into which the

source is lowered followed by a shielding plug integral with the source frame.

There are many design variables to be taken into account, these are chiefly

1) source height, length and activity, 2) distance between source and nearest

target plane, 3) target height and length, 4) target layer thickness and

number of layers, 5) container length in direction of travel. The distance

between layers, distance between containers within a layer and mass of metal

within a target stack should all be minimised. Obviously each plant must be

considered individually for the purpose intended.

- 11 -



3-5

dose from second side

doss from first side

-L -Or
PACKAGE DEPTH tan}

Figure 3 Penetration of target density 0.3g/cm by
cobalt-60 ganma rays.



The distribution of dose throughout a product will depend upon its bulk

density and thickness. A product which occupies the whole of an irradiation

container might present 45 cm thickness to the source and is irradiated

equally from opposite sides. If the target is medical plaetic disposables

of typical density 0.20, the overdose ratio is approximately 1.2. The same

overdose ratio is achieved for density 0.3 when the target thickness is 30 cm

as shown in Figure 3. The ratio can be reduced by manipulation of the target

itself halfway through the process. This technique is often used with high

density material such as plastic sheet or spools of wire. For example, an

18 cm target of mean density 1.5 can be irradiated to achieve an overdose

ratio of approximately 1.3.

PROCESS CONTROL

A high standard of control is demanded in relation to the use of a facility

for the radiation sterilization of medical supplies. Incoming and outgoing

product is physically separated and detailed records of consignments maintained.

Table 3 summarises the various areas which are involved. Particular emphasis

is given to dosimetry.

Film system, usually clear or red polymethyl methacrylate are widely used to

monitor the radiation dose in routine plant operation and at commissioning.

At the latter time the pattern of dose distribution within standard packages

and the relationship between dose and target density are established by

experimental runs. In routine operations dosimeters are regularly inserted

throughout a product being placed in areas where the dose is expected to be

at a minimum. Red Perspex dosimeters as developed by Uhittaker (3) complete

with calibration curve are purchased in the UK from Harwell or clear Perspex

HX (4) from the UK Panel on Gamma and Electron Irradiation, and from similar

organizations in other countries. Records of readings are carefully maintained

for inspection.

For convenience of the plant operator and the recipient of the products,

small adhesive radiation indicator labels are affixed to the outside of each

item of product e.g. carton or spack. The label changes from yellow to red

during irradiation and helps to ensure against confusing irradiated vith

unirradiated product. The label is based on Pl/C impregnated with an acid-

sensitive dye, and was formulated for the purpose by Farrell and Vale (5);

a similar label with changes from green to brown has been developed in

the Netherlands. These labels are by no means quantitative and fulfil a

•go'or'no go' function.
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TABLE 3

Area of Process Control

Source

( Curie strength
( Specific activity
( Array
( Decay Rate

Conveyor

( Position
( Speed or dwell
{ Interlock with source
( Movement record chart

Product

( Separation - pre and post irradiation
( Density and thickness
( Dosimetry
( Labelling

Documentation

( Plan1" log
( Char.; records
( Product log
( Dosimetry records
( Certificate of Irradiation
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FOOD IRRADIATION DEVELOPMENTS IN THE FEDERAL REPUBLIC
OF GERMANY

Professor J. F.Diehl
Federal Research Centre for Nutrition, Karlsruhe, Federal Republic of Germany

In the Federal Republic of Gormany, government-supported research

on food irradiation has been going on for 30 years, most of it

at the Federal Research Centre for Nutrition in Karlsruhe. These

studies can be grouped under three topics

1. Commodity-oriented research

2. Wholesomeness studies

3. Chemical studies

The results have been published in various scientific journals

and extensive summary reports have appeared in Food Irradiation

Information (1), an information bulletin produced in English and

French by the International Project in the Field of Food Irradia-

tion. Only a fraction of this work can be mentioned in this short

review.

1. Commodity-oriented research

1.1. Potatoes

Long-term storage of potatoes is only possible if sprouting

is inhibited. In practice this is achieved by dusting the stored

tubers with chemicals, primarily IPC (isopropyl-N-phenylcarbamate)
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and C1PC (isopropyl-N-(3-chlorophenyl)-carbamate). Residues of

these compounds remain in the potato and thus reach the consumer.

It seemed reasonable to try to replace this chemical treatment

with a physical treatment that leaves no foreign residues in the

potato. Studies carried out not only in the laboratory but also

with consumer tests and industrial-scale processing have shown

that irradiation could replace the chemical treatment if it were

legally permitted (2, 3). However, the cost of irradiation would

be considerably higher than the oost of IPC/CIPC treatment, and

it is unlikely that industry will sliow much interest in using

radiation as long as the chemical method of sprout inhibition is

allowed.

1.2.

Sprouting of onions can also be inhibited by treatment with

certain chemicals, particularly maleic hydrazide - but this is

not permitted in Germany. Demand for onions in the spring and

early summer must therefore be met by imports at relatively high

prices. Irradiation and storage experiments on a fairly large

scale, using different varieties and storage conditions, have

shown that storage of onions at 10°C until early summer is

technologically feasible if irradiation with a dose of 5 krad

(50 Gy) is applied within 4 weeks after harvest (4, 5).

1.3. Fruits

While earlier studies on cherries, strawberries, pears,

apples and other domestic fruits were not encouraging (benefit

of irradiation not great enough t6 justify the cost), studies

carried out in collaboration with scientists in South Africa

have confirmed that mangoes and papayas given a hot water treat-

ment (5 min at 55°) plus a radiation dose of 75 krad (750 Gy)

will keep well for 3 to 4 weeks at a storage temperature of 12°,

This should permit surface shipping instead of expensive air

transport to European countries (6).
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1.4.

Germany imports large quantities of spices, and these are

often microbiologically contaminated to such an extent that they

cannot be used safely without a hygienization treatment. Fumiga-

tion with ethylene oxide was used until recently, inspite of

growing evidence that ethylene oxide is carcinogenic. Now that

its further use is forbidden, radiation is the method of choice.

Our experience has shown that a dose of 800 krad (8 kGy) is

usually sufficient from a microbiological viewpoint, and that

organoleptic properties of the spices are not affected by this

dose. Permission for commercial spice irradiation is expected

in the course of this year.

1.5. Fish

Irradiation with a dose of about 100 krad (1 kGy) effec-

tively reduces the microbial load and thus extends refrigerated

storage life of fish without adversely affecting sensory quality

(7, 8). However, when irradiation of whole fish was attempted

on board the research vessel "Anton Dohrn", a gradual decrease

of sensory quality could not be prevented by irradiation. As

can be seen from Fig. 1, unirradiated haddock was spoiled after

about 16 days of iced storage, while the irradiated samples

reached the same low score after about 28 days (9). This is not

a real gain, because the flavour score of irradiated samples had

declined to 6 (on a 9-point scale) by day 16 and declined further

during the following days - possibly due to the effect of endogen-

ous enzymes. Irradiated fish sold between day 16 and day 28 would

be unspoiled, but would not be of high quality. More favourable

results were obtained with packaged fish fillets. However, on-

board irradiation of fillets is not feasible because available

trawlers are not large enough to accommodate filleting and packaging

machines and an irradiator. With regard to fish irradiation various

microbiological studies have been carried out to make sure that

there is no particular danger, e.g. due to selection of highly

radiation-resistant micro-organisms (10) or due to formation of

botulinus toxin (11).
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.6.

European brown shrimps (ctangon vulgaris) still cannot be

satisfactorily peeled by machine. Hand-peeling as presently

practiced, can introduce pathogens and requires heavy use of

chemical preservatives. Irradiation with a dose of about 140 krad

(1.4 kGy) effectively reduces contamination (Table I) and improves

retention of quality during iced storage (12). Landing of shrimps

is concentrated in a few harbours and commercial irradiation of

shrimps appears promising (13).

1.7. Meat

The purpose of irradiating meat can be extension of re-

frigerated shelf life or reduction of salmonellae and similar

pathogens or both. Radiation doses in the range of 500 to 1000 krad

(5 - 10 kGy) can achieve this purpose without much effect on sen-

sory quality. Studies have been carried out on chicken (14) and

on ground beef (1C>). The radiation sensitivity of various salmon-

ella serotypes at different temperatures and water activities

was determined (16).

1.8. EnzYmes_fgr_the_fgod_industrY

Radiation doses of less than 1 Mrad (10 kGy) were found to

be sufficient to reduce microbial counts in commercial enzyme

preparations to below 100/g. This dose caused practically no loss

of enzyme activities and did not affect molecular size and charge

properties of the enzymes (17).

2. Wholesoineness studies

2.1. Long3term_feeding_studies

A life-long study on rats receiving . a diet containing 35 %

milk powder irradiated at 4.5 Mrad (45 kGy) was continued through

9 generations of animals. No detrimental effects were observed

(18).
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2.2. Short-term^tests

No indications of mutagenic effects were found when radiation-

sterilized diets were fed to mice in the host mediated assay (19)

or the dominant lethal test (20). The effects of cyclophosphamide,

a substance known to be highly mutagenic, were not intensified by

feeding a radiation-sterilized diet to mice. Indicators used were

the dominant lethal test, and a reproduction study of 7 months

duration (21).

A number of short-term tests of irradiated foods were carried out,

both in vitro and in vivo (22, 23), some in collaboration with the

International Project in the Field of Food Irradiation (24, 25).

Adverse effects of irradiated foods have not been observed in any

of these studies.

2.3. Nutritignal_studies

The influence of glucose, starch and lipids on the nutritive

value of casein irradiated in the presence of these additives was

investigated using the nitrogen balance technique in rats. A dose

of 5 Mrad (50 kGy) did not affect protein digestibility and util-

ization when these parameters were determined within 2 weeks after

irradiation. Longer storage (1?- we»eks) of irradiated casein-fat

mixtures caused a reduction of NPU (net protein utilization) if

the fat was highly unsaturated and oxygen was not excluded during

storage (26, 27).

3. Chemical studies

3.1. £onigounds_formed_as-_a_result_of_irradiation

At the Max Planck Institute at Mtihlheim much work has been

done on radiation induced changes in carbohydrates (28). The

radiolysis products of glucose and many other sugars and the re-

action mechanisms leading to these products are now known in great

detail. Studies carried out at the Technical University, Hunich-

Weihenstephan, led to the identification of a great number of

radiolysis products of lipids (29). Radiation chemical studies
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at the Federal Research Centre for Nutrition, Karlsruhe, were

concerned with proteins (30, 31), carbohydrates (32), lipids (33)

and with interactions of proteins, carbohydrates and lipids in

irradiated model foods (34, 35).

3.2. Identif ication_of __irradiated_f gods

A symposium on "The Identification of Irradiated Foodstuffs"

(36), held at Karlsruhe in 1973,has shown that it is very difficult

to recognize irradiated foods by chemical analysis. Irradiation

leads to the formation of many compounds in the irradiated food

- but these are present at very low concentrations. Furthermore,

most (possibly all) of these compounds are not radiation specific,

i.e. they may also be present in foods treated by conventional

methods such as heating. A publication from the Federal Health

Office (Bundesgesundheitsamt) at Berlin has suggested that a low

sulfhydryl content of meat is indicative of irradiation (37).

However, studies carried out at the Federal Meat Research Centre,

Kulmbach, have not shown a decrease of SH-groups in irradiated

beef and pork, even with a dose of 5 Mrad (50 kGy) (38). Radiation-

sterilized meat contains a new ninhydrin-reactive substance, a

radiolysis product of carnosine (39, 40). In the chromatogram of

the araino acid analyzer, this compound appears between histidine

and lysine. It has been designated compound Y (Fig. 2) because of

the yellow colour formed with ninhydrin.

3.3.

Considerable work has been done, again at the Federal Re-

search Centre for Nutrition, Karlsruhe, on the effect of radiation

on vitamin levels in foods. One of the more radiation sensitive

vitamins is a-tocopherol or vitamin E (41, 42). When rolled oats

are irradiated and stored in the presence of air, storage losses

are higher in irradiated samples than in unirradiated samples. Ex-

clusion of air by packing the rolled oats in a nitrogen atmosphere

exerts good protection of the vitamin (Fig. 3). Similar studies

were carried out on vitamins B1 (43, 44) and A in irradiated food-

stuffs (45) .
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Analysis of the amino acid composition of the proteins of fish

meal irradiated at a dose of 5 Mrad (50 kGy) did not show sig-

nificant losses of essential amino acids (46).

4. Summary and outlook

Commodity-oriented studies have shown that food irradiation

can help to solve some important problems, such as salmonella

contamination. However, the process has its limitations/ and it

is unlikely that it will compete with canning or freezing.

Long-term animal feeding studies and various short-term tests

have given no indication that foods irradiated with doses of up

to 5 Mrad (50 kGy) might be harmful.

Chemical studies have greatly improved our understanding of radia-

tion-induced changes in foods. These changes are small and largely

unspecific, so that it is very difficult, perhaps impossible, to

identify by chemical analysis foods irradiated at doses of less

than 1 Mrad (10 kGy). Combined with the results gained from animal

feeding studies and biological in vitro tests, the results of

chemical analyses give great assurance that irradiated foods are

safe to eat.

It can be foreseen that - once legal obstacles have been removed -

the food industry will make use of this process. Some promising

applications are the hygienization of spices, dried vegetables,

enzyme preparations, hand-peeled shrimps, chicken and other meats,

and the irradiation of some subtropical and tropical fruits, so

as to make surface shipping possible instead of air transport.

Sprout-inhibition in onions and potatoes is technically feasible,

but the economic prospects of this application are somewhat un-

certain.

Unfortunately, the encouraging results of pilot studies and the

reassuring results of wholesomeness studies have not yet led to

commercial use of this process in Germany. Many consumers seem to

believe that irradiated foods are radioactive. Emotions stirred

by the nuclear energy debate have been turned against food irradi-

ation. The extent of research work done, in Germany and elsewhere,
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to assure the wholesomeness of irradiated foods, is largely un-

known to the public - scientists and medical profession as well

as laymen. Instead, the consumers, are misled by the false claims

of politicians, particularly of the Green Party, who have dis-

covered food irradiation as an issue which can serve their own

purposes. The press, always eager to discover another sinister

assault of profit-hungry industrialists against the health and

safety of the consumer, reports mostly unfavourably on food ir-

radiation. The Government is not inclined to disregard these

emotions. If our country were alone in the world, food irradiation

would have little chance of public acceptance. However, we are a

member of the European Community and in the neighbouring countries,

Netherlands, Belgium and France, the irradiation of spices and

various other products is already practised. The Treaty of Rome

prescribes the harmonization of food laws in the Common Market.

In the long run, therefore, food irradiation must be either for-

bidden or permitted in all EC countries. Developments of recent

years leave no doubt that it will be permitted. As a first step

in this direction, our Government is getting ready to permit ir-

radiation of spices. There is no more discussion about whether

or not permission should be granted. What still divides the

ministries and what has held up the final announcement of the

permission is the question of labeling. What should be the wording:

irradiated? treated with ionizing radiation? treated with ionizing

energy? Some of the self-appointed consumer advocates would like

to prescribe "radioactively irradiated" - preferably in large-

sized red letters and with a skull and crossbones. Industry, of

course, would prefer to have no labeling at all. Another question

that is still debated is, what should be labeled? Only the irradi-

ated spices ("First generation") or also the products containing

irradiated spices ("Second generation")? Solutions to these ques-

tions must be found - and all indications are that they will be

found within a few months.
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storage time in days

Fig. 1 Flavour scores of irradiated and unirradiated

haddock as a function of storage time (183rd

and 185th cruise of "Anton Dohrn"). The fish

were stored unpackaged or in plastic pouches

under vacuum and buried under crushed ice.

The vertical bars indicate the one-sigma range

of judgements. 9-point sensory scale: 9 -

superior quality; 6 - limit of high-quality

life; 5 - limit of practical storage life;

2 - borderline of spoilage. Ehlermann and

Reinacher (9).
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at doses of 1 and 5 Mrad. Partmann and Keskin (39)
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Fig. 3 Effect of packing atmosphere on o-tocopherol retention

in irradiated (100 krad - 1 kGy) and unirradiated rolled oats

during 8 months of storage at ambient temperature. Diehl (44)
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Table 1: Effect of radiation or chemical treatment on microbial

counts of hand-peeled shrimps stored at 0° for periods

of up to 17 days.

Ehlermann and Miinzner (12)

Sample

Untreated

Treated with benzoic

acid according to

commercial practice

Irradiated,

130 - 148 krad

Storage

period

(days)

0

2

10

17

2

10

17

2

10

17

Enterobac-

teriaceae

1.8 x 105

1.5 x 104

6.2 x 10

2.2 x 107

1.8 x 102

1.2 x 105

9.7 x 104

< 100

< 100

1.4 x 102

Entero-

cocci

< 100

< 100

6.0 x 10

7.0 x 104

< 100

< 100

< 100

< 100

< 100

< 100

Staphylo-

cocci

< 100

4.8 x 104

6.7 x 10

6.9 x 104

2.8 x 104

5.7 x 104

1.9 x 104

< 100

< 100

< 100
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STATUS OF FOOD IRRADIATION IN FRANCE

Y. Henon
French Atomic Energy Commission, CE.N, Cadarache F - 13115 Saint-Paul-Lez-Durance

In France as in other countries, it was the conclusions of the Joint
Expert Committee on Food Irradiation which stimulated a renewed interest
in food irradiation. Indeed, in the beginning of the seventies, all the
institutions involved stopped their activities, discouraged by the number
of obstacles that had arisen. Only the Atomic Energy Commission con-
tinued a research program and participated in the International Project
based in Karlsruhe. Our studies were carried out on the radiation
chemistry of complex sugars with special attention to the identifacation
and dosage of the radiolysis products. It was shown that none of these
products appeared in such quantity that could make the food hazardous and
that they could all be present in foods thermally processed. Furthermore
the results obtained for several varieties of starch were similar to
those obtained for maize starch, thus giving more grounds for the
chemiclearance principle.

EVOLUTION OF THE LEGISLATION

The first petition submitted in France was for potatoes in 1967. At this
time, food irradiation was forbidden. The first response of the adminis-
tration was to publish a decree ir. 1970 according to which a clearance is
necessary for each food commodity. The petition is examined by three
commissions, namely:

- the Higher Council for Public Health
- the National Academy of Medicine
- the Inter-Ministerial Commission of Artificial Radioisotopes.

It is not till after receiving the positive opinion of these different
bodies that a bill can be published allowing irradiation of a particular
food item. A label indicating the fact of irradiation is compulsory.

It was only in 1973 that the clearance to inhibit potato sprouting by
gamma rays was granted. In 1975, after the submission of an extremely
detailed document, redurization and redappertization of food for labor-
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atory animals was allowed. Then in 1077, a clearance was granted to
inhibit sprouting of onions, garlic and shallots by gamma rays.

It must be emphasised that these clearances were given for five years
only, added to which the technical and economic context was unfavourable,
thus making the companies willing to use the process, even more reluctant.

In 1982, an important step was taken when the Atomic Energy Commission
issued a report entitled "Ionizing Radiation Treatment of Food Products:

Efficiency and Lack of Hazard to Man". This report was based on the works
of the International Project and the Joint Expert Committee. This
synthesis was presented to the three commissions which accepted its
conclusions. Up-dated every other year, it now constitutes the reference
of toxicological evaluation. A guideline for petitioners was also
prepared. Its most important advice being that no further toxicological
studies are required when a dose less than 10 kGy is used.

This action greatly eased the submission of petitions and their further
examination.

In 1983, irradiation of 72 spices and herbs by gamma rays was permitted.
This same year, the following petitions were submitted mostly by private
food companies:

- radurization of dehydrated vegetables
- radurization of mixed cereal flakes to be added to milk products
- radurization of gum arabic
- radicidation of mechanically deboned poultry meat in the frozen state
- sterilization of food packaging

All have been approved by now for gamma rays and for electron beams as
well when this process is technically relevant.

In 1984, four petitions were submitted for:

- radurization of dehydrated pork blood and plasma
- insect control in dried fruit and legumes
- radicidation of egg-whites
- radurization of herbal teas.

The first two have already been approved.
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One can see that all these products are mostly intermediate products of
the food industry! which makes the issue of labelling less acute. Studies
are in hand for radurization of rice, flour and milk proteins and for
radicidation of frozen shrimps and frog legs. For these last two items,
the safety ensured by irradiation is so unquestionable that consumers
should accept it well.

To keep up with recent scientific results, a revision of the 1970 decree
on food irradiation is in progress. It should bring about more flexib-
ility, especially in the area of labelling and trade. It was proposed
among other ideas that after the required statement of ionizing radiation
treatment, an optional sentence with a positive connotation such as "to
guarantee the microbiological quality" be added. Finally, the possibility
of giving a general clearance up to 1 kGy is being considered.

COMMERCIAL USE OF THE PROCESS

The authorizations given in various countries do not reflect the actual
use made of the process. A large number of countries permit potato
irradiation but very few use it on a commercial scale. The reason is
undoubtedly linked to the industrial situation of irradiation at the
moment. Most of the facilities were designed for the sterilization of
medical products. It prejudices the economic evaluation of the process.

In France for example, two companies have been working in the plastics
and medical field since the sixties, one using cobalt 60, the other using
electron beams. Located near large cities, Paris and Lyon, they are far
from the production areas. Transport costs must be added to costs of
irradiation, all the more difficult to accept when the price of the
product is low, which is the case for most agricultural commodities. The
design of these facilities allows irradiation of rather small packages
only, which increases handling costs. Finally, the minimal dose that can
be given is too high for low and some medium dose applications.

Therefore one can understand why only some hundreds of tons of potatoes
and onions were irradiated in France. The technical results were excell-
ent, but in this particular instance it showed that the process was
uneconomic.

However, the case of products such as spices or dehydrated vegetables is
different. They are expensive enough to bear some extra costs. Thus
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several hundreds of tons of spices for industrial use in meat and cheese
products were irradiated. As the clearances are issued, the quantity of
intermediate products irradiated will increase.

Many people now realise that a specific approach is necessary for food
items. Several projects are under consideration in France, most of them
at the regional level and studied by associations that were created for
this purpose. The most advanced is one called APIONAL which should lead
to the building of a commercial facility and an experimental facility at
Marseilles in 1986. It will be financed partly by the Government, the
regional authorities and private companies. The food products will be
irradiated in pallets in a chamber containing 3 millions curies of Cobalt
60 maximum. A second facility could be built later in Britanny.

For products which are either perishable or produced in very large
quantity, en in-house facility may be necessary. An electron beam accel-
erator may then be chosen for its advantages over gamma irradiators
namely a high dose rate and the possibility of turning off the source.
This choice was made by a large poultry company to irradiate thin slices
of mechanically deboned poultry meat. They are installing an accelerator
designed by a subsidiary of the Thomson company. A company which
processes herbal teas just bought from the CEA a small cobalt 60 irrad-
iator of 90,000 curies.

INFORMATION

Twenty years ago, one could read that the time of food irradiation had
come. Nobody would dare to say it to-day even though a tremendous program
of research, unique in the history of the food industry, has since been
carried out. The technique may now be used and developed on this sound
basis. However, I expect the progress to be slow like it is for most
innovations. The consumers need to be informed clearly and objectively on
the advantages of irradiation. We advise the use of the word "ionization"
as that will be less alarming to the layman. Most of the French companies
and administrations felt that "irradiation" was in fact undesireable.

For several years now, we have met and discussed the subject with scien-
tist, doctors and nutritionists. We can consider that they are quite well
informed and can in turn be a source of information for journalists,
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consumers and their associations. Recently, the Higher Council for Public
Health and the National Academy of Medicine committed themselves with a
very positive statement regarding food irradiation, especially as a
substitute for chemical treatments.

An overwhelming majority of articles in magazines and newspapers are also
very positive. In the consumers' magazines, the safety of the process is
not questioned but labelling is demanded; last November one of them
recommended ionization of spices for direct marketing to the consumers.

CONCLUSION

I believe strongly that irradiation will provide the consumer with better
and safer food in the near future. Many people share the same opinion in
France. However, we realise that a lot still has to be done, especially
at the international level to allow trade of irradiated food products.
Indeed, food irradiation also allows one to export more easily. We trust
that at least within the E.E.C. an agreement will be reached, because of
the disadvantageous position in which a country refusing the process
would be placed.
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REGULATORY ASPECTS OF FOOD IRRADIATION

N. v. mm

Chief Executive, Nuclear Energy Board

Introduction
Recent tragic events in Ethiopia and in the Sahel region of Africa have
focussed our attention sharply on just what is meant by that euphemistic
phrase "a shortage of food". When we realise that over one quarter of the
world's harvested food is now lost by insect pest, spoilage and waste, an
amount equal to the entire harvest of the U.S.A. or of Soviet Russia, the
opportunity to reduce this loss by introducing well researched and
effective methods of food irradiation should not be neglected. No one
would wish however to risk discrediting the process by taking short cuts
in safety or by not keeping the public informed of this promising
development.

With this in view the Board set up a Working Party to study the implica-
tions of irradiation processing in relation to licensing and regulatory
procedures.

It soon became evident that we were in a rapidly changing situation. Both
scientific and commerical interest in this field was growing rapidly, and
many thousands of tons of food are irradiated each year. In addition,
difficulties are arising in the use of current processing techniques.
Increasing demands for energy conservation and for reduction in chemical
residues from existing preservatives show up inadequacies in the present
systems.

It was for these reasons and on the advice of our Working Party that the
Board decided to organise this Seminar with a view to informing those
concerned of the latest developments in the field.

Because of its particular role in relation to radiation safety regulat-
ions, it was felt appropriate that the Board should describe the licens-
ing and regulation situation as it exists in Ireland today and suggest
some future developments.



Structure and Functions of the Nuclear Energy Board

Most countries have set up some form of regulatory authority so as to
ensure the safety of persons working with ionizing radiation. Rules,
which are international in origin are applied to this end. In Ireland the
regulatory authority which introduces and applies these rules is the
Nuclear Energy Board.

Processes involving ionizing radiation whether medical, industrial or
educational in nature, may only be carried out in Ireland under licence
from the Nuclear Energy Board or in certain circumstances under a permit
from the Department of Health. It may therefore be useful if I outline
briefly what this Board is and how it operates (Fig. 1). It consists of a
Board of management and an executive staff. It is answerable directly to
the Minister for Energy and indirectly to other Ministers through the
Radiation Advisory Committees upon which various Departments are directly
represented.

All health problems arising from the use of ionizing radiation are
referred to the Medical Radiation Advisory Committee, which consists of
eminent radiologists, medical consultants and experts in various special-
ist fields of radiation medicine.

The Board may also call on the expertise of the Process Irradiation
Advisory committee to assist in all problems relating to process irrad-
iation in general and food irradiation in particular. An Environmental
Radiation Advisory Committee is also available to guide and assist the
environmental studies of the Board.

The work of the Board as outlined in Figure 2 may be divided into five
main divisions.

Division One consists of providing advice to Government on all aspects of
ionizing radiation. Any Minister or Government Department wishing to have
advice or information on nuclear matters is entitled to come to us for it
and we are expected to have ready access to such information.
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Secondly, the Board has the authority to control by licence the custody,
use and manufacture of radioactive goods and irradiating apparatus such
as X-ray machines. It has the power also to control by licence the
importation, distribution, use, transportation, exportation and disposal
of these products.

Thirdly, the Board, through its laboratory staff, operates the National
Radiation Monitoring Service which carries out environmental monitoring,
personnel monitoring and general consultancy work on design and
construction of radiation facilities.

Fourthly, the Board prepares and issues, from time to time, Codes of
Practice relating to various aspects of the use of ionizing radiation
such as, for example:-

(a) The Safe Use of Ionizing Radiation in Secondary Education.

(b) The Design and Construction of Medical Facilities Using
Ionizing Radiation.

Finally, the Board offers an information service which is available to
the public and which is backed by a small library and by direct computer
access to the International Nuclear Information Services (INIS) in Vienna.

It will now be clear that any projected Food Irradiation facility would
have at least one compulsory and at least two optional points of contact
with the Board. The compulsory contact would arise from the necessity to
obtain a licence covering the construction and operation of the plant.
The optional contacts would arise from the possibility of using the
Board's personnel monitoring service and some aspects of the Board's
consultancy services.
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Licensing of Large Irradiation Facilities

Let us consider now what is involved under current legislation, in
licensing a process irradiator designed to contain say, a million curies
(37 million Megabecquerels) of Cobalt-60. We will follow through the
procedure which will consist of five stages (Fig. 3).

STAGE 1 - Site Approval

First of all the applicant sends a letter of application for a licence to
the Board, on receipt of which the Board will call for outline plans and
specifications of the proposed installation. At the same time the appli-
cant will have to make separate planning application to his Local
Authority. The Board, having considered the characteristics of the site
and those of the proposed plant, and having consulted with the Local
Authority, will advise the applicant either that such a plant would not
be acceptable on that particular site or it will issue a Stage 1 permit
indicating that there would be no objection in principle to such a plant
on that site, subject to further licensing procedures. The Local
Authority is of course free to make its own decisions in the matter and
may accept or reject the proposal.

STAGE 2 - Construction

If the applicant now decides to proceed, having obtained the Stage 1
(site) Approval, the Board will call for a detailed specification of the
plant and of the associated civil works. It will be to the advantage of
the applicant if the proposed plant is of a standard design by some
well-established manufacturer and if reference can be made to similar
units in operation elsewhere, which have a good and preferably accident
free performance record.

At this stage and subsequently, the Board may refer and must consider
itself free to refer, directly to the manufacturer for design information
should this be required.

After this review the Board will issue a Stage 2 Construction Permit
allowing the applicant to proceed with civil, mechanical and electrical
installation. Throughout the construction the Board will inspect from
time to time to observe the quality of the work as it progresses.
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STAGE 3 - Commissioning

When the Board is satisfied that the construction and installation has
been satisfactorily completed, a Stage 3 Commissioning Permit will be
issued, enabling the applicant to proceed to commissioning of the plant,
still without any radioactive sources on site but with a view to testing
all mechanical and electrical systems and with particular reference to
safety circuits and alarm systems. A detailed schedule of tests carried
out and of the results obtained will be required by the Board.

STAGE 4 - Source Loading

On completion of these commissioning tests the Board will issue a Stage 4
permit and an Import Licence allowing the applicant to import and install
the source. Again a schedule of tests will be called for, this time
involving source raising and lowering and the activation of alarms and
safety devices. Throughout the various stages of construction and commiss-
ioning the Board will expect that all necessary staff have been recruited
and trained and are available on site to witness as much as possible of
the commissioning tests and trials.

STAGE 5 - Commercial Operation

Finally, subject to satisfactory completion of all scheduled tests and to
the presence of all adequately trained staff the Board will issue a final
Stage 5 operating permit and licence allowing the applicant to proceed to
full scale operation. The full licence therefore will only be issued when
the five separate permits have been obtained by the prospective licensee:-

Site approval
Construction
Commissioning
Source loading
Commercial operation

The Board will need to be satisfied that each stage is properly completed
before proceeding to the next.
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This stage by stage system of licensing has not been applied to existing
process irradiating facilities in Ireland, one of which, in fact, pre-
dates the Board itself but it is intended that this should be the pattern
to be followed in the future for large installations.

Training of Safety Staff and Operational Staff

A Radiological Protection Officer shall be appointed in all process
irradiation facilities, who has undergone detailed training on a similar

irradiation plant elsewhere and who can satisfy the Board of his
qualifications and experience.

His duties shall include overall responsibility for radiation safety of
personnel and he shall have authority directly from the licensee to shut
down the plant at any time for reasons of safety.

In these circumstances the plant shall not be restarted until a start up
permit signed by the Radiological Protection Officer has been issued. Any
accident or incident calling for such action must be reported to the
Board at the earliest possible time.

The Radiological Protection Officer appointed by the licensee shall be
recorded in the licence. In the event of a change being envisaged, the
licensee shall notify the Board immediately, so that the procedure for
approval by the Board of a new appointee can be implemented.

Operation of the facility shall be confined to the list of persons
nominated in the licence. "Operation" in this context being defined as
authorisation from the licensee to raise the source from the safe
position whether or not for the purpose of processing the product.

Evidence of the competence of all operators shall be provided along with
their nomination for inclusion in the licence.
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Contraventions

Any operator who contravened licence conditions would be liable to a
suspension or withdrawal of his licence. Any person who continued to
operate an irradiation facility without a valid licence or who retained
possession of, or attempted to dispose of radioactive substances or
irradiating apparatus without a valid licence would be liable to prosecu-
tion under paragraph 6 of the Nuclear Energy Act of 1971.

It is emphasised however that licensing procedures have always run
smoothly with both major process irradiation facilities now operating in
this country. Our experience with these operations has been excellent and
we have always received the fullest cooperation from the companies
involved. I am also happy to say that both plants have an excellent
record of safety and of full compliance with licence conditions.

Proposed Food Irradiation Legislation

The licensing procedure described previously applies to any industrial
process irradiator, but to irradiate food for commercial purposes new
legislation will be required which in turn will lead to new regulations.
As yet this legislation does not exist but the Board will put forward
proposals to the relevant Government Departments along the following
lines for consideration as a working draft.

Food Irradiation - Draft Conditions of Licensing

It is proposed that no food or food ingredients should be processed by
ionizing radiation except under licence from the Nuclear Energy Board. A
licence to process food or food ingredients by ionizing radiation would
only be issued subject to the following conditions:

1. Plans and specifications of irradiation plants where it is proposed
to carry out the food irradiation would have to be submitted to the
Board.

2. An undertaking would be required from the applicant that processing
of food or food ingredients would be carried out in accordance with
the General Standard for Irradiated Food as published in the Codex.
Alimentarius (Ref. 1).
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3, Plant used for the process irradiation of food or food ingredients
should be operated in accordance with the Recommended International
Code of Practice for the operation of Irradiation Facilities used
for the Treatment of Foods also as published by Codex Alimentarius
(Ref. 2).

While the issue of a licence for food irradiation could be referred to
the Process Irradiation Advisory Committee of the Board for consideration
it is felt that the ultimate responsibility for issuing a licence for
food irradiation should rest with the Nuclear Energy Board.

Importation of Irradiated Food or Food Ingredients

Without prejudice to the application of existing regulations concerning
the importation of food or food ingredients, irradiated products should
only be imported on production of certificates or of other satisfactory
evidence that the relevant food or food ingredients have been subjected
to the required conditions of ionizing radiation. Whereas the Nuclear
Energy Board could specify these conditions it may be that the Customs
Authorities would be the appropriate people to ensure that the certifi-
cates were in order.

Marking or Labelling

Without prejudice to the application of existing regulations relating to
food labelling, it is proposed that irradiated packaged food or food
ingredients should carry in clearly readable lettering words such as

"Product conserved by irradiation"

accompanied by information showing the date of treatment and a code
reference identifying the country in which the irradiation took place and
the irradiation facility responsible. Where food is to be marketed in
bulk it should be marked in such a way as will distinguish it clearly
from unirradiated materials.

It appears that this would be required to satisfy both the 1875 Sale of
Food and Drugs Act (Ref. 3) and the European Community Regulations on
labelling of 1978 (Ref. 4), adopted into Irish Law in 1982 (Ref. 5).
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Irradiated food or food ingredients whether prepackaged or not, should be
identified as such in the relevant shipping documents, together with the
identity of the registered facility at which the irradiation has been
carried out, the date of treatment and the batch identification.

Food and food ingredients which have been treated by irradiation should
be identified in such a way as will avoid the materials being subjected
to further irradiation.

Records

Records would have to be maintained for each batch of food or food
ingredients subjected to irradiation, indicating the following:- (Fig. 4)

(a) Identification of batch
(b) Date of Irradiation
(c) Nature and quantity of food in each batch
(d) Minimum and maximum limits of absorbed dose
(e) Any abnormalities observed during the treatment

These records should be preserved for at least five years and a copy of
appropriate records should accompany each batch in transit to the
consignee.

Inspections and Powers of Inspectors

Inspectors of the Board would have a permanent right of access to any
facility used for food irradiation in accordance with paragraph 15(1) of
SI 166 of 1977 (See appendix 2).

New legislation, yet to be devised, should provide for measurement of
dose levels to which irradiated food or food ingredients were being
subjected, inspection of records relating to the irradiation facility and
the taking of samples of food or food ingredients for wholesomeness or
other testing purposes, if required.
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Inspection Reports

•The findings, obervations and recommendations of Inspectors would be

reported and a copy of any such report could be sent to the relevant

Government Departments.

Civil Liabilities

Without prejudice to the provisions of other regulations, the operator of

an irradiation facility would be expected to carry absolute liability for

any damage or injury resulting from irradiation in the said facility. An

operator would therefore be required to take out insurance cover for the

risks implied in this provision.

Conclusion

As stated by the Codex Alimentarius Commission the irradiation of foods

up to a dose of 10 kGy introduces no special health, nutritional or

microbiological problems (Ref. 2). Furthermore, the utility of the

irradiation process has been demonstrated for a large number of food

items (Appendix I (Ref. 2).

This paper describes current legislation dealing with ionizing radiation

in Ireland. It also puts forward some proposals from the Board for food

irradiation legislation of a general nature. These will, of course, be

circulated to all interested parties for discussion and amendment where

appropriate, but at least a start has been made in this procedure.

Judging by the increasing pressure at international level for

post-harvest preservation of foodstuffs, it may well be that some such

legislation will be required at a relatively early date and as the

Statutary body for regulation of ionizing radiation safety in Ireland,

the Board takes a particular interest in this field.

The Codex Alimentarius Commission was established, in accordance with
recommendations of the Eleventh Session of the FAO Conference, the
Twenty-Ninth Session of the WHO Executive Board and a Joint FAO/WHO
Conference on Food Standards held in 1962, to implement the Joint FAO/WHO
Food Standards Programme. Standards, after acceptance by governments are
published in the Codex Alimentarius for use either regionally or
world-wide.
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APPENDIX I

TABLE 3. COMMERCIAL ACTIVITIES IN FOOD IRRADIATION
(as of December 1983)

Country Commercial irradiator S'atus
Location (year)

Products
treated

Approx.
capacity

Bangladesn

Belgium

France

Hungary

Israel

Italy

Japan

Netherlands

South Africa

Thailand

USA

Mainly used

Multi-purpose
Irradiator
Dhaka

MEDIRIS 1

Fleurus

Pallet Irradiator
(2 million Ci 5 OCol

AGROSTER Joint Co.
Budapest

Tel Aviv

Commercial Vegetable
Irradiator. Fucino
Co-operative Fucino

Shihoro Potato
Irradiator
Shihoro, Hokkaido

Pilot Plant for Food
Irradiation,
Wageningen
GAMMASTER-1 1

Ede
GAMMASTER-2 1

Ede

Fruit and Vegetable
Irradiator
Tzaneen
Iso-Ster (Pty). L td 1

Kempton Park
Multi-purpose
Irradiator, Atomic
Energy Board, Pretoria

Multi-purpose
Irradiator, Bangkok

Radiation Technology
Inc., Rockaway, NJ

planned

completed
(19801

planned

planned

completed
(1983)

under
construction

completed
(1973)

completed
(1963)

completed
(1972)
completed
(1982)

completed
(1982)

completed
(1981)
completed

planned

completed

for sterilizing medicol supplies.

potatoes, onions,
fish

spices.
animal feed

food in general

spices, onions,
potatoes

animal feed

potatoes, onions.
garlic

potatoes

frozen chicken,
froglegs.
organic dyes, spices
spices, frozen
froglegs, shrimp
same as above

mangoes, strawberries.
potatoes, onions, etc.

fruits, vegetables,
coconut powder
fruits, vegetables.
chicken etc.

food in general

spices.
seasonings

100 m 3 /
month

25 000 tons/
season

10 000 tons/
month

1500 tons/
year

1000 tons/
year
same

7000 tons/
year

500 tons/year

* Isotopes in Day to Day Life, I.A.E.A. Vienna, June 1984.
(Ref. IAEA/PI/A.6E 84-00924)
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APPENDIX I (Cont'd)*

Unconditional and provisional clearances of food products

Foods ( 3 2 )

Potatoes

Onions

Garlic

Shallots

Wheat, flour, whole wheat flour

Spices

Chicken

Fish and fishproducts (chilled, frozen)

Frozen shrimps

Froglegs

Rice and ground rice products

Ryebread

Egg powder

Blood proteins

Cocoa beans

Date*

Pulses

Papaya

Mango

Strawberries

Paprika

Mango acrwr

Bananas (fresh, dried)

Litchis

Dry food concentrates

Grain

Dried fruits

Mushrooms

Endiv*

Asparagus

Battermix

A
rg

en
tin

a

X

B
an

gl
ad

es
h

x

X

X

X

X

X

X

X

X

X

X

1

X

x

*

X

X

X

c.
X

X

X

C
hi

le

X

X

X

X

X

X

X

X

X

x

X

X

X

n different countries ( 2 1 )

D
en

m
ar

k

X

Fr
an

ce

X

X

X

X

X

H
un

ga
ry

X

X

Is
ra

el

It
al

y

X X

X X

X

X

Ja
pa

n

N
et

h
er

la
n

d
s

N
o

rw
ay

P
hi

lip
pi

ne
s

P
ol

an
d

X X X X

X X

X X

X

X

X

X

X

X

X

X

X

]

]

X 1

, >

I

>

X

X

X

r

S
o

u
th

 A
fr

ic
a

S
pa

in

T
h

ai
la

n
d

U
ru

gu
ay

U
S

A

U
S

S
R

X X X X X

X X X X

X

X

X

X

c

(

X

X

X

k IAEA Bulletin, Vol. 26, No. 2.
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APPENDIX 2

S.I. 166 of 1977

15. (i) An officer or servant of the Board authorised in writing by the
Board may, on production of his authorisation if demanded by any
person affected, enter upon premises and carry out such inspection
as may be reasonably necessary for the purpose of ascertaining if
any provision of this Order or the terms and conditions of a licence
under this Order are being complied with.
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FIGURE I
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Figure 2,

N U C L E A R E N E R G Y B O A R D .

Principal Duties.

1. Advice To Government

2. Regulation And Enforcement

3. National Radiation Monitoring Service

Environmental
Studies

Personnel
Monitoring

Consultancy
Services

Codes Of Practice

5. Information To Public
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Figure 3,

N U C L E A R E N E R G Y B O A R D

Stages Of Licensing Process Irradiat ion Plants

Site Approval

Construction

Comnissioninq

Source Loading

Cormercial Operation
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Figure 4.

Records

Identification Of Batch

Date Of Irradiation

Nature Aid Pualitv Of Food
In Each Batch

Maximum And Minimum Limits Of
Absorbed Dose

Any Abnormalities Observed During
Treatment
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1. General Standard for Irradiated Foods.
Codex Standard 106, 1983.
CAC/VOL. XV 1984.

2. Recommended International Code of Practice for the
Operation of Radiation Facilities used for the
Treatment of Foods.

Ref. No. CAC/RCP 19 - 1979. Rev. 1.
CAC/VOL XV 1984.

3. Sale of Food and Drugs Act, 1875, Section 8.

4. European Communities Council Directive of 18th December, 1978.
Approximation of the laws of the Member States relating to the
labelling,presentation and advertising of foodstuffs for sale
to the ultimate consumer.
Official Journal of the European Communities,
No. L 33/1 8th February, 1979.

5. S.I. No. 205 of 1982.
European Communities (Labelling, Presentation and Advertising
of Foodstuffs) Regulations, 1982.
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CONTROL OF SALMONELLA IN MEAT AND MEAT PRODUCTS
BY IRRADIATION

J. F. Dempster
The Agricultural Institute, Grange/Dunsinea Research Centre, Castleknock, Dublin 15

INTRODUCTIOSI

Food-borne diseases are now (1985) serious health problems

in nearly all parts of the world. Even the rtost advanced countries

suffer from a tremendous incidence of food infections attributable

to food of animal origin, (Mossel and van Netten, 1981). As far

as meats and poultry are concerned, Salmonella is presently the

most important causal agent of food infections in most countries:

the occurrence of 'Salmonellosis1 in man showing a significant

increase during the last 30 years. Kampelmacher (1983) lists 6

factors responsible for this state of affairs, see Table 1. They

are:-

1. Changed animal husbandry practices.

2. Mass production and processing of foods.

3. Migration of people (tourists/guest workers).

4. Changing food habits.

5. Increased trade in food and feed.

6. Increased environmental pollution resulting in food and feed

contamination.
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Salmonella

The enteric bacilli comprising the large salmonella group

consist of some 1,700 serological types (Diane Roberts, 1982) are

all pathogenic to a greater or lesser extent and include the

typhoid bacillus, the paratyphoid bacilli and a wide variety

of forms whose natural hosts are lowsr animals especially

rodents and birds.

TABLE 1: Factors responsible for increase in incidence of
Salnonellosis

1. Changes in animal husbandry methods, e.g. mass breeding/

fattening methods.

2. Mass production and processing of food.

3. Migration of millions of people (tourists/guest vorkers).

4. Changing food habits, e.g. increased eating-out and purchase

of cold, cooked items such as barbacued chicken.

5. Increased trade in foods and feed.

6. Increased environmental pollution.

Source: Kampelmaucher (1983)
Food Tech. 37, 117

These bacteria are Gram negative rods closely resembling

and indistinguishable from coliform bacteria. They are non-sporing

and average between 2 and 4.0 x 0.5 u in size. All species are

motile except the poultry strains, Salm. pullorum and

- 58 -



Salm. gallinarum. Their optimum growth temperature is 37° but

growth takes place over the range 5° - 47°C (Bryan 1979). Growth

below 10° is very slow. The thermal death point is 56°C. They are

facultative anaerobes growing equally well under aerobic or anaerobic

conditions.

Gastroenteritis or food poisoning by salmonellae results

from the ingestion of large numbers of organisms which multiply

in the small intestine. The illness is characterised by a short

incubation period, as little as 12h in some cases, with acute

vomiting and diarrhoea and only a slight ri.se in body temperature

and rapid recovery within a few days. Occasionally salnonellosis

develops into a more serious septicemic condition. It is an

infection rather than an intoxication.

Irradiation

The possibility of using ionising radiation (IR) for the

treatment of food for preservation or other purposes, e.g. (control

of salmonella in meat/meat products) has attracted the attention

of workers in many countries during the last 30 years (Ley 1983).

But the application of I.R. in the Food Industry has been small and

often confined to pilot-scale processing and market trials,

largely due to the question of safety. However, the extent of interest

is gauged by reference to Table 2. It is seen that a wide variety

of meats, both raw and processed, have been subjected to I.R.

for various purposes; extension in shelf-life being the most usual.



TABLE 2: Application of I.R. in the processing of meat and meat-products
excluding poultry

Reference Type of Product Purpose

Wolin et al (1957)

Lawrie et al (1961)

Coleby et al (1962)

Rhodes & Meegungwan (1962)

Anellis et al (1S65)

Rhodes & Shepherd (1966)

Rhodes et al (1967)

Rhodes & Shepherd (1967)

Tiwari & Maxcy (1971)

Mossel et al (1972)

Maxcy & Tiwari (1973)

Welch & Maxcy (1975)

Anellis et al (1979)

Niemand et al (1981)

Dempster & Lahola (1983)

Niemand et al (1983)

Packaged beef sirloin

Pork/beef

Pork sausage in
cellophane/polythene bags

Lamb's liver

Canned bacon

Vacuum packaged beef and
lamb

Barley-fed beef

Green bacon

Ground beef
Fresh pork sausage

Frozen boneless meat
Minced meat

Ground beef

Ground beef

Canned meat rolls

Wierbicki & Heligman (1980) Bacon

Vacuum packed beef

Ground beef

Minced beef

Shelf life extension

Measurement of
chemical parameters

Pasteurisation

Inactivation of enzymes

Sterilization

Pasteurisation

it

To delay spoilage

Influence of irradiation
on microf lora

Qrganoleptic
evaluations

Shelf life extension and
public health protection

Characterisation of
radiation resistant
bacteria

Destruction of food-
borne pathogens

Effect of irradiation in
presence and absence of
nitrite

Shelf-life extension

Elimination of specific
microbial species

Shelf-life extension
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Terminology

Irradiation processes may be divided very broadly into high

dose (>1 Mr ad) and low dose (<1 Mr ad) applications. The following

terminology has been introduced to take account of the different

levels in use in practice (Goresline et al 1964).

Radappertisation or radiation sterilisation is defined as the

treatment of food with I.R. sufficient to reduce the number of

microorganisms to such a level that very few, if any, are detectable

by any recognised bacteriological testing method. Doses used are

greater than 1 Mrad*. It is analogous to thermal sterilisation

as understood in the canning industry.

Radicidation is the application to foods of doses of I.R.

sufficient to reduce the number of viable specific non-spore forming

pathogenic microorganisms (other than viruses) so that none is

detectable in the treated food by any standard method. Doses for

this purpose are usually less than 1 Mrad and the process is

analogous to pasteurisation, for example, of milk.

Radurisation is defined as the exposure of food to doses which

substantially reduce the population of viable specific microorganisms

in order to enhance the keeping quality of food. Dose levels are

generally less than 1 Mrad.

Applications

(a) Poultry.

One of the very promising possibilities for protecting the

* 1 rad = 100 ergs of energy absorbed in 1 g. of matter.
1 Krad = 1,000 rads.
1 Mrad = 1,000,000 rads
A new term recently introduced is the Gray (Gy) where
1 Gy = 100 rads.
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consumer against 'the salmonella hazard' is the use of irradiation

to eliminate these microorganisms from slaughtered poultry carcasses.

In red neat, processes like infrared and ultraviolet radiation

give good results in the decontamination of the meat surface. As

the microbial contamination of a poultry carcass is not limited

to the skin but also occurs in the abdominal cavity these processes

are less applicable because of their low penetrating power. For

the radiation treatment of poultry carcasses gamma-radiation can be

used because of its high-penetration capacity. Low doses of

ionising radiation have already been suggested many years ago to

extend shelf life of broiler carcasses at refrigeration temperatures.

At the XVth session of the Codex commission on food additives

(Codex 1982) a revised draft code for chicken was introduced. It

stated that .irradiation was to prolong storage life and/or reduce

the number of certain pathogenic microorganisms like salmonella.

The average recommended dose was not to exceed 7 k Gy (0.7 Mr ad).

Salmonellae are isolated very frequently from broiler carcasses

although the reported incidence is strongly influenced by the

methods of sanpling and examination used. For example, Goetz

and Schroeder (1974) found that 32% of the carcasses they studied

ware salmonella-positive when a destructive technique was used.

Dougherty (1974) in America, using a rinsing method found 47%

positives while van Schothorst et al (1976) found, depending upon

the sampling system used, that 25 - 64% of broiler carcasses were

contaminated. However/ irrespective of the method of examination;

whether 100 g or 200 g skin or thaw water from deep-frozen (-20°C)

broiler carcasses, no salmonellae were recovered after 250 Krad
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treatment (Mulder et al 1977). Even lower dose levels have been used

with success. Thus Mossel et al (1968) found that a dose of ca. 100

krad effected a ten-fold reduction in numbers of Enterobacteriaceae

on broiler carcasses. These doses have been declared safe by the

World Health Organisation which issued a press release in 1980

stating no health hazard results from consuming any food

which is irradiated up to a dose of one megarad.

There is evidence that radiation treatment at freezer

temperatures is less effective than the same dose at chill or room

temperatures, (Thornley 1957: Maxcy 1982). Matsuyama et al 1964

studied the radiation resistance of a number of microorganisms in

heart-infusion broth in aerated or anoxic conditions at temperatures

of 10° - 13° or -79°. Survivor dose curves were plotted and

Fig 1 shows the results for an Esch. coli sp. The decreased

radiosensitivity in the frozen state was measured by comparing the

D,Q value with that for irradiation at room temperature. Similar

results have been reported for other microorganisms, e.g.

Pseudomonas aeruginosa (Moos 1952) and Staphylococcus aureus

(Bellamy and Lawton 1955). The combined effects of low temperature

(+ 5° and -18°) and irradiation (250 Krad) were studied by Mulder (1982)

on salmonellae and other Enterobacteriaceae in broilers after 4 months

storage. Results showed that irradiation at 5 resulted in

Salmonella-negative samples after 1 month storage at -18° but

irradiation after freezing gave a. salmonella-negative result only

after a 3 month storage period. Brynjolfsson (1980) presented

data for the doses necessary to reduce the number of different

serotypes of salmonella by a factor of 10 in different meat
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100 200 300

Dose (Krads)

400

Fig (1). Effect of irradiation on survival of E. coli B/r
in heart-infusion broth. Suspensions were irradiated in
air at 10 - 13 (circles); in air at -79 (triangles)
and in nitrogen at -79 (squares).
Data from MATSUYAMA et al (1964)
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substrates, see Table 3. It is evident that temperature of

substrate plays a significant role in sensitivity of salmonellae

to irradiation. He (Brynjolfsson 1980) pointed out resistance of

microorganisms depends on the medium and the temperature. Vegetative

organisms are often two or three times more resistant in the dry

or frozen state than in water and they are less sensitive 'when

irradiated anaerobically, i.e. in vacuum or in an inert atmosphere

like nitrogen (see Fig 1) than vtfien irradiated in the presence of

oxygen. It is suggested that ice formation in frozen products protects

bacteria against irradiation effects by markedly reducing the

formation of free radicals (Anellis et al 1973). The presence of

protein and polysaccharide may also provide protection.

TABLE 3: Dose of irradiation in kGy necessary to reduce the number
of salmonellae in different meat substrates by a factor
of lcf

Microorganism Substrate and Temperature Dose

Salm. heidelberg

Salm. typhimurium

ii ii

Salm. paratyphi

ir n

Salm typhosa

11 derby

Chicken 0

Beef 5*"

" -

Beef liver 5°C

Horse meat (frozen)

Corned beef 25°

R>rk 10

Source: Brynjolfsson (1980)

3.6

3.5

6.0

1.8

6.4

2.4 to 4.8

2.0
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Beef

Irradiation is also effective in reducing numbers of potential

pathogens in ground (minced) beef (Tiwari and Maxcy 1972: Dempster

and Lahola 1983): frozen boneless beef (Mossel et al 1972)

and sliced beef round (Wolin et ai 1957). Niemand et al (1981)

applied a dose of 2 kGy to vacuum packed beef stored at 4 C for 11

weeks with the results as shown iji Table 4. It is seen that

radurisation reduced the Enteric count by ca. 7 log cycles.

Evaluations of the appearance and odour- of the control and radurised

samples were carried out at weekly intervals. Samples were allowed

to develop a natural colour and odour in air when removed from the

vacuum pack. The appearance and odour were evaluated on a simple

three point scale, namely (a) A = excellent, (b) B = acceptable

and (c) C = unacceptable. Smaller variations were indicated

by a plus (+) or minus (-) sign. Results are shown in Fig 2. It is

seen that the radurised samples had a significantly higher ranking

(P-^0.01) throughout the storage period for both appearance

and odour evaluations. On the day of irradiation, experienced

panellists could detect a faint but typical irradiation odour in

radurised samples although it was not found to be objectionable.

Judged by appearance and odour, control samples had a shelf life of

4 weeks whilst radurised meat (2 kGy) was still acceptable after

10 weeks storage at 4°C.

Processed meat

The rates of isolation of salmonellae from packets of pork

sausage and sausage meat from large, medium and small manufacturers
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TABLE 4: Effect of 2 kGy dose irradiation on numbers of
Enterobacteriaceae in vacuurr-packed beef cuts

Control

2 kGy

Count

0

2.51

<1.0

(log count

2

5.1

<1.0

after storage

4

6.63

<1.0 <

at 4°C

8

6.99

a.o

(weeks)

11

6.98

< 1.0

Source: Niemand et al (1981) - modified

for the years 1968 - 1974 are presented in Table 5. The results

indicate the possibility of higher rates of isolation from

manufacturers taking in large numbers of animals from a wide area

than from those dealing with small numbers of animals obtained

locally. There was an average of 30% isolations from the various

sources. Although the danger of cross-contamination from these

products to other foods seems remote and they are not consumed in the

raw state, nevertheless low-dose I.R. would eliminate whatever

reservoir of Salmonella there may be. Such an approach warrants

investigation.
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y Control samples
Radurised samples

A

B

ODOUR

10

Storage (weeks) at 4 C

APPEARANCE

10

Fig (2). Evaluation of odour and appearance of control and radurised beef
cuts. Odour and appearance evaluated on a 3-point scale,
A = excellent; B = acceptable; C = unacceptable.
Smaller variations were indicated by a plus (+) or minus {-)
notation.

Statistical analyses

A 2-way analysis of variance was performed on values obtained by
transformation of the above as follows:-

A(+) = 3.5: A = 3: B(+) = 2.5: B = 2: C(+) = 1.5: C = 1: C(-) = 0.5

Parameter F-values

A B AxB C.V.%

Odour

Appearance

39.29***

44.95***

26.89***

34.91***

5.96***

7.42***

17.62

18.19

A - storage time: B - treatments

*** P<0.01

Source: Niemand et al (1981)
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TABLE 5: Salmonellae from packets of pork sausage and sausage meat
for 1968 - 1974*

Source

Large manufacturer A

Large manufacturer B

Medium manufacturer C

Medium manufacturer D

Small manufacturers

TOTAL

NO. Of
packets
tested

312

854

101

100

100

1,467

Positive

No.

7

413

4

16

0

435

for Salmonella

%

2.2

48.4

11.0

11.0

0

29.7

NOTE: 38 different serotypes were isolated; the largest number of
serotypes found in a single packet was four.

* Roberts et al (1975) J. Hyg. 75, 173.

Recent Development

A significant development for the potential of ionising radiation

occurred last year in America. A bill was introduced in the

House of Representatives on 7 May called the 'Federal Food Irradiation

Development and Control Act of 1984 (News Notes 1984). It had 4

main purposes,, see Table 6.

1. To define irradiation as a process or treatment rather than as

a food additive. This was a complete reversal of the original

1958 Act whereby irradiation was defined as an additive. That

definition iitplied that treated food must in some way have
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changed in composition and that some 'additive' had appeared. The

second part of the bill is to provide for on-going research and

development of food irradiation; presumably this implies a financial

commitment by the government to re-activate a number of federally-

owned irradiation facilities which were axed in the late seventies.

TABLE 6: Main clauses of the Federal Food Irradiation Development
and Control Act (1984)

1. To define irradiation as a process/treatment rather than as a

food additive.

2. To provide for on-going R & D in food irradiation.

3. To provide for leasing of government-owned sources of

irradiation to private industry.

4. To establish a Joint Operating Committee (JOC) to,

(1) Coordinate research findings.

(2) Act as a liaison to promote consumer acceptance of

irradiated food.

(3) To promote private development.

Source: News Notes (Washington) 1984
Food Tech. 38 (7), 35.

The third part is an obvious extension of part (2) in that it states

that the bill will provide explicit authority for the leasing of

federally owned irradiation source materials to the private sector

to ensure an adequate supply while ensuring federal safety and
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transportation standards. The fourth part of the bill is to establish

a Joint Operation Commission, made up of representatives of federal

agencies and the public, which would co-ordinate research and

information exchange efforts and act as a liaison to promote consumer

acceptance of food irradiation and private development.

Thus the wheel, so to speak, has turned full circle and

irradiation is up-graded, to the position it should have been in the

late fifties.
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INTRODUCTION

This paper sets out to review and assess the major potential

applications of irradiation in horticultural produce of direct or

indirect interest in Ireland. Because of low product volumes and

seasonality, access to such applications will probably depend on the

existence of a multipurpose (rather than specialised) food irradiation

facility. The benefits of irradiation derive mainly from the fact that

it can destroy spoilage organisms, inhibit cell division and growth, and

reduce some types of enzyme activity. The objective of irradiation of

horticultural produce is quality retention i.e. extension of useful

storage or shelf-life. Horticultural produce comprises a wide range of

plant materials with storage lives ranging from a few days to over nine

months. The storage needs of each major category of produce is catered

for by combinations of existing post-harvest technologies (Table 1). In

TABLE 1: Technologies used in post-harvest storage of
horticultural produce

Refrigeration
Modified atmosphere stores/packac,es
Chemical sprout inhibitors
Pungicidal dips
Packaging



many potential applications irradiation complements these existing

technologies and depends on them; in a few cases it directly competes,

and in other areas it introduces possibilities which did not exist

previously. Successful irradiation of horticultural produce requires

attention to factors important in extension of storage life such as

agronomic practice, post-harvest physiology and post-harvest technology.

The physiological age of produce can also strongly affect its response

to irradiation (1).

In general, different categories of horticultural produce are

irradiated for single main beneficial effects such as mould inhibition

in strawberries, though other effects of irradiation play secondary roles.

For simplicity, in this paper three main beneficial effects of

irradiation are discussed separately and secondary and side-effects

alluded to where relevant:

1. Inhibition of microbial growth.

2. Inhibition of cell division and further growth.

3. Inhibition of ripening and senescence.

Besides these beneficial effects, irradiation can also have unwanted

side-effects on plant tissues (Table 2). These arise mainly through

TABLE 2: Some unwanted side-effects of irradiation in
horticultural products

Excessive tissue softening
Epidermal (skin) damage
Poor wound healing
Pigment damage
Physiological side-effects
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molecular damage, activation of enzymes, and unwanted inhibition of cell

division, (2-5). Such side-effects can limit the size of the irradia

tion dose given to a particular subject (6). In a few cases they present

special problems. For example in irradiation of potatoes to inhibit

sprouting, physiological side-effects can cause difficulties in

subsequent frozen chip production (see below) (7). Because chlorophyll

is radiation sensitive, some green leafy vegetables are unsuitable for

irradiation e.g. doses of 0.5 kGy cause yellowing in lettuce (1).

1. INHIBITION OP MICROBIAL GROWTH

Products which could benefit from this main effect have short post-

harvest lives terminated by microbial spoilage. Irradiation doses used

are in the 1-3 kGy range (1, 8, 9). The most widely studied application

is shelf-life extension in strawberries through mould inhibition, but

applications in other soft fruits, grapes, prepared vegetables and other

products have also been successful (1, 8-11). The most relevant

applications to Irish horticulture are probably those in strawberries

and prepared vegetables.

In the case of strawberries, as in other applications of this type,

the product must be protected from re-infection by overwrapping with a

suitable film. Although some workers found it necessary to combine heat

and irradiation in order to reduce the irradiation dose and so minimise

side effects (6), promising results with irradiation alone are reported

from South Africa (8) and their work probably represents the state of

the art in this application. In this South African work, attention to

interactions between irradiation, agronomic factors and post-harvest

treatments was important (Table 3). In fact, substantial increases in
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ge life were obtained only when fruits of uniform maturity were

used, when field heat was removed to 5 C immediately after picking, and

when fruits wero irradiated at 5*C and subsequently stored at 5 C.

The data in Table 3 compare storaqe life obtained in the South African

work with recent VK data on stornqe oi. unirradiatod strawberries in

CQ^-enriched atmospheres (12). Although the cultivar used and other

TABLK 3; Storage life in strawberries using (a) refrigeration
and COJJ-enrichment (b) irradiation and refrigeration

COLD STORAGE WITH 90% MARKETABILITY

Cold Storage Life (days)

o
(a) Field heat removal to 2-4 C 6 plus 1-3 shelf life

storage at 1-2°C, 15% CO^

(b) Field heat removal to 5 C
irradiation (2.4 kGy),
storage at 5°C 20 + ? shelf life

Data based on Brown et al (12) and Broderick et al (8)

experimental conditions were somewhat different/ the increase of

refrigerated storage life from 6 to 20 days gives some indication of the

practical benefits of irradiation.

Some have questioned the need for such storage life extension (13).

Implementation of strawberry irradiation could, however, considerably

alter current trading patterns by vastly increasing the mobility of the

product. Expensive out-of-season production in North-West Europe may

have to compete with irradiated strawberries imported by sea from the

Southern Hemisphere. Main-season producers could suffer serious

competition from low-cost countries such as Poland. In Ireland, the

fresh market for strawberries is relatively small and growers here
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freeze much of their high quality fruit for use by UK jam-makers. With

declining jam sales but a buoyant demand for fresh fruit in the UK,

irradiation of strawberries could present Irish producers with an

worthwhile opportunity.

Langerak and Damen (9) irradiated prepared mixed vegetables

("soupgreens") which had a mixed microbial flora, at doses up to 2kGy

7 1+

and this reduced total counts of 10 /g to about 10 /g. This treatment

increased shelf-life of the product at 10 C from 1 to 4 days by

retarding sour odour development. Inhibition of enzymatic browning at

cut surfaces and of after cooking browning in the onions present in the

mix were important secondary effects. The increased shelf-life was

sufficient to allow the product to be distributed nationally in Holland.

It's difficult to estimate the relevance of such an application to

Ireland, but if patterns evident in other countries are repeated here,

there should be increased demand at consumer and catering level for this

type of product.

2. INHIBITION OF CELL DIVISION/FURTHER GROWTH

2.1 Inhibition of sprout development in stored potatoes and onions

Low doses of irradiation (0.05 - 0.15 kGy) can inhibit cell

division in meristematic tissue and prevent sprcut development (7). In

both potatoes and onions, use of irradiation would compete directly with

current technology - sprout inhibition using chemical sprout inhibitors

such as chloroisopropyl N-(3-phenyl) carbamate (CIPC) and maleic

hydrazide. Table 4 compares sprout inhibition by irradiation and

chemical means. Both methods can be used effectively (14), and are

regarded as safe (15, 16). However, irradiation costs at least 1.5
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TA3LE 4: Sprout inhibition by irradiation and chemical means: a comparative overview

CIPC/IPC
POTATOES

Irradiation
ONIONS

Maleic Hydrazide Irradiation

CO

o

Inexpensive

Effective

Residues regarded
as safe

No side-effects

Expensive

Effective

No chemical residues

Problems for chip manu-
facture

Inexpensive

Effective in large
or small-scale use

Residues regarded
as safe

No side-effects

Expensive

More effective than MH at
high storage-temperatures

No chemical residues

Minimal side-effects



times the capital and operating cost of chemical sprout inhibition (7)

and can cause problems in potatoes for fro2en chip manufacture by

increasing free sugars (leading to excessively brown chips) and

increasing after cooking blackening (7). These latter problems are the

subject of on-going research (5f 17). In onions, there is a minor side-

effect of irradiation - internal browning at the base of the growing

point (18) but this appears to be of no practical importance.

Irradiation is superior to maleic hydrazide in sprout inhibition of

onions exported to the tropics, where ambient storage temperatures are

higher than in Europe, and the Dutch onion industry plans to use

irradiation for this purpose (7). Apart from this latter application,

irradiation does not offer economic advantages over conventional sprout

inhibition. Its future use depends strongly on attitudes of consumers

and governments to chemical residues in foods where an alternative

residue-free technology exists.

2-2 Inhibition of cap-opening and stalk growth ir: mushrooms (Agaricus
bisporus)

White closed mushrooms are preferred by the consumer, but quality

is rapidly lost through stalk growth, cap opening, enzymatic browning and

desiccation (19). The best existing technology aims to hold mushrooms

at 3-5*C in packages with good vapour barrier properties, but the high

respiration of the product and the insulating effect of the packaging

make this difficult (19). Irradiation strongly inhibits stalk opening

and enzymatic browning (19, 22) and results in substantial shelf-life at

moderate refrigeration temperatures (19), In a study on the effects of

irradiation and packaging on the keeping quality of mushrooms, Langerak

(19) found that, after allowing for transportation, unirradiated

mushrooms remained at first quality for 1, 2 and 3 days at 20°C, 8-10°C
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and 3-5 C respectively. Irradiated mushrooms held at the same

temperatures remained at first quality for 5, 7 and 10 days

respectively. Thus irradiated mushrooms at 8-10 C had shelf lives four

days lcnger thin unirradiated mushrooms at 3-5 C. Since temperatures of

8-10 C can be attained with less refrigeration cycles than temperatures

of 3-5PC this should not only save refrigeration costs but result In

less desiccation and condensation. Such substantial technical benefits

from irradiation could be important to a mushroom exporting country

(estimated value of Irish domestic fresh mushroom production (1984) was

IR£ll.6M of which IRf8.5M was exported). If our major competitors begin

to use this technology it will be essential for Irish growers to have

the option of doing likewise. Research on practical aspects of mushroom

irradiation under Irish conditions is urgently needed, but is being

prevented through the lack of a suitable irradiation facility.

3. INHIBITION OF RIPENING/SENESCENCE

Inhibition of ripening and senescence as a main effect is probably

the least relevant type of application for Irish horticulture. Research

has focused on inhibition of ripening and senescence in sub-tropical

fruits, because there is no alternative means to extend storage life (1,

23). This is because refrigeration of sub-tropical fruits such as

mangoes and avocados to temperatures < 12 C causes serious chilling

injury. By irradiating at doses of about 1 kGy, storage life at 12 C is

doubled. Increasing this dose to about 2 kGy also inhibits spoilage by

moulds but c.iuses skin damage in many sub-tropical fruits. As a result

doses of about lkGy in combination with hot water treatments can be used
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to inhibit both ripening and mould development.

Tomatoes are an important chill-sonsitive crop grown in greenhouses

o

in Ireland. These fruits don't tolerate temperatures below 10 C, and

irradiation or combination treatments could probably be applied to them

to increase storage life (1). However, such an application would have

no economic benefits because production is close to markets, and by

combining harvesting and storaqe techniques storage life of 2 weeks or

more is possible.

Also under this heading come effects of irradiation in reducing

apple scald and other physiological disorders in apples stored in

controlled atmosphere stores (1). With electron rays (3 MeV), incidence

of scald was reduced from 23% to 1% in stored apples of cultivar

Goudreinette. However, research on applications of irradiation in this

area is at an early stage. In the short term at least, it is likely

that physiological disorders will be tackled by improvements in

husbandry and by advances in controlled atmosphere storage technology.

CONCLUSIONS

Table 5 summarises the potential applications of irradiation in

horticultural produce discussed in this paper. For most horticultural

commodities irradiation offers no substantial technical benefits over

existing post-harvest technology. However, there are at least two

practical applications which are likely to be used in international

trade and will impinge on the Irish industry viz. shelf-life extension

in strawberries and mushrooms. Both applications could present

opportunities to defend our existing markets or to expand beyond what
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was previously feasible.

TABLE 5: Some application of irradiation in horticultural
produce

Commodity Objective Dose (kGy)

Potatoes, Onions Sprout inhibition 0.05-0.15
Sub-tropical fruits Delayed ripening 0.25-0.75
Mushrooms Shelf-life extension 1.0 -3.0
Prepared vegetables Shelf-life extension 1.0 -2.0
Strawberries etc. Storage/shelf-life 1.0 -2.0

extension

A major area of uncertainty not considered in this paper is that of

consumer acceptance of irradiated horticultural products and irradiated

food generally. Thus, despite its technical benefits irradiation may

prove to be a difficult technology to use in practice particularly in

the early years. On the other hand, it may rapidly achieve wide

acceptability.

In any event, now is the time for research on practical

applications using Irish grown produce, so that Irish producers can

apply this new technology as soon as the legal framework allows it, and

marketing conditions and consumer acceptance make it economically

worthwhile.
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POTENTIAL APPLICATIONS OF PROCESS IRRADIATION IN IRISH INDUSTRY

Mary Upton
Department of Industrial Microbiology, University College Dublin, Bel field, Dublin 4

World-wide interest in Food Irradiation technology is clearly evidenced
by several activities at the national and international level such as:

1. Scientific and financial participation by more than 20 countries
for a period close to 10 years in the International Project in
the Field of Food Irradiation (IFIP);

2. The funding of on-going Research and Development Programmes on
food irradiation in some 70 countries and facilitating the attend-
ance of almost 200 scientists at training courses or on-the-job
training in various aspects of food irradiation;

3. The establishment of the International Facility for Food
Irradiation Technology;

4. Involvement of several international organisations in obtaining
international acceptance of the food irradiation process;

5. Capital investments on behalf of commercialisation efforts by
private business and Governments.

These five points were made by van Kooij (1983) in an article in Food
Irradiation Newsletter. One of the most significant events to occur in
the area of food irradiation post-1980, was the recommendation of the
joint FAO/IAEA/WHO Expert Committee on Wholesomeness of Irradiated
Food, which concluded that irradiation of any food commodity up to an
overall average dose of lOkGy presents no toxicological hazard and
irradiated foods do not pose any specific microbiological or nutrit-
ional problems (WHO, 1981).

In a Press Release from the IAEA (21 December 1984) it was stated that
contributions totalling almost $250,000 were pledged to support the
work of the International Consultative Group on Food Irradiation. The
purpose of the Group is to serve as a focal point for advice on Food
Irradiation processing as a technique to reduce post-harvest losses and
improve the keeping quality of foodstuffs, recognising that inter-
national co-operation is required if the technique is to be fully
exploited.
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Towards the end of 1983 there were approximately 100 food irradiators

in operation worldwide. Twenty eight countries have given unconditional

or provisional clearance for the commercial irradiation of more than 50

foodstuffs (Background Info., 1983).

With recent proposals from the FDA to allow irradiation up to 1 kGy for

fresh fruit and vegetables and up to 30 kGy for spices, further

interest in irradiation can be expected internationally.

It is clear that gamma irradiation is receiving greater acceptance in

many countries and with the most recent publicity in relation to the

likely acceptance of the process in the U.K., then it is indeed timely

for us to consider the relevance of this process to the Irish Food

Industry.

PROCESS IRRADIATION IN IRELAND - CURRENT STATUS

At present in Ireland there are two commercial scale irradiators in

use, by the Health-Care Industry. There is no provision for the use of

gamma irradiation by the Food Industry in Ireland at a commercial

level, for some obvious reasons:

1. Until recently there has been no significant awareness of irradia-

tion as a process for treatment of food.

2. There has been no demand for the process - from the Food

Industry, Government Agencies, or the consumer.

3. It could reasonably be argued that there was (is?) no need for it.

4. There is no legislation to allow for the purpose.

In order to gauge the level of awareness and the interest of the Food

and Health Care industries in the process, a survey was carried out by

the U.C.D. Food Irradiation Group. The survey sought to establish (1)

The level of awareness in Irish Industry in relation to the use of

gamma irradiation, and (2) If any processors could use irradiation as

an alternative to an existing process e.g. heat, filtration or gaseous



sterilisation. The Health-Care Industry was surveyed because of the

possibility of a multi-purpose irradiator being considered, where the

process could be made economically viable by having the facility to

treat medical/pharmaceutical products, as well as food.

Respondents to the questionnaire were asked if they used a

sterilisation/disinfection step and if so did they treat (1) a single

product, (2) a ranqe of products, (3) inert material, (4) a biological

product, (5) a finished product, (6) a component of a finished product.

Respondents were asked if they used alternatives to gamma irradiation -

ethylene oxide, heat, filtration, and if so what product was treated.

If gamma irradiation was used, what product was treated and was the

facility: (a) in-house, (b) as time bought on another company's irrad-

iator (c) as time bought on a commercial irradiator.

The general trend in relation to the Health Care Industry surveyed, was

that there was a high level of interest. Most of those surveyed

expressed an interest in obtaining more information on the process.

Some of those surveyed already use the process. This response was to be

expected because gamma irradiation is a well-established technology for

this industry.

The response from the Food Industry is more difficult to analyse,

partly because of the diverse range of foods being processed, and also

because in Ireland food irradiation is not carried out at any level.

However there was a general response of interest from those surveyed,

at least at the level of obtaining more information on the process. A

number of respondents expressed interest in research being carried out

on a particular products without specifying the product(s).

POTENTIAL FOR IRISH INDUSTRY

There are five general applications for gamma irradiation in the treat-

ment of food, based on the treatment dose (Table 1).

Applications which appear to have most relevance to the Irish Food

Industry include:
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1. Extension of the shelf life of poultry, fish and vegetables.

2. Salmonella eradication from poultry meat.

3. Control of sprouting in potatoes and onions.

4. Treatment of food additives - spices and enzymes.

For any new process to be sucessful it must be perceived to have the
advantage over existing methods. In the case of irradiation the advan-
tage which can be attributed to the process over existing processes
include:

1. The economics of the operation,

2. Elimination of undesirable microorganism(s) from a food, and for
which there exists no alternative process (elimination of Salmon-
el lae from poultry meat and elimination of some spoilage).

3. An alternative to process methods which might be suspected to
have a risk element e.g. ethylene oxide treatment of spices.

4. Satisfying of some consumer need at a reasonable cost.

5. An alternative to ethylene oxide in the treatment of medical
devices.

Clearly the needs of different countries will vary in relation to the
most suitable food products for research. Two criteria, however, can be
applied when selecting food products to be investigated:

(1) The food should be a product of national importance or with
export potential;

(2) It should be a product with which the food industry itself
experiences problems and for which it demands a solution,
(van der Linde, 1983).
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APPLICATION OF THE PROCESS TO A SELECTED FOODSTUFF

As an example of a product meeting the two criteria outlined above, I

have selected poultry meat, to show how gamma irradiation can be

applied advantageously to an Irish Food Product.

Consumer pxpenditure on chicken (cooked and uncooked) was IR£46.5 mill-

ion and ;v other poultry was IRE 11.8 million, in 1980 - a total of over

IRE58.0 T.HIuin (Household Budget Survey, 1980).

It is mostly accepted by those in the poultry business that the

incidence of Salmonella in live poultry is high. This high incidence,

however, does not always translate into losses for the processors, nor

indeed does it necessarily always cause a problem for the consumer.

Nevertheless, it is undesirable that Salmonella should be present and

obviously it would be to the advantage of the processor to be able to

market a Salmonella-free product.

Poultry processors have a further problem in relation to the bacterial

status of poultry meat, and one which seems to cause them greater

concern than the almost ubiquitous Salmonella, that is the short shelf

life of fresh poultry. The average shelf-life of chilled poultry is

about 5 - 6 days. A modified and more expensive preliminary chill

treatment will extend the shelf life up to 10 - 12 days. Losses due to

an expiry date for the safe marketing of poultry are indicated to be in

the region of 3.5% of production. Clearly, then, any process which can

serve the dual function of guaranteeing a Salmonella free poultry

product and extending the shelf life of the product would be welcomed

by the poultry processor, Kahan and Howker (1978) have estimated that a

2.5 kGy treatment and storage of 1.6 C would be sufficient to eradicate

Salmonellae and also achieve a shelf life of around 20 days. The dose

recommended, 2.5 kGy, is well within the limit recommended by the FAO-

/IAEA/WHO Expert Committee. Off-flavours are not likely to present a

problem at the dose recommended. Provided, then, that the economics of

the operation are acceptable, this process offers an attractive option

to the processor. Overall it would seem that gamma irradiation of

poultry meat is of advantage to the processor and the consumer.

A comparable exercise could be carried out for each of the other products

or processes listed at the beginning of this section.
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TRANSFER OF THE TECHNOLOGY TO THE FOOD INDUSTRY

While it is clear from the progress in other countries that R and D

Programmes have been developed, market trials have been carried out and

irradiated food or food components have been marketed successfully,

nevertheless, each country will require to evaluate the process to

its's own satisfaction. Individual R and D programmes, legislation and

market trials will be developed to meet those needs. At this stage one

can only make proposals on a preliminary programme for Ireland because

the development and progression of the technology will be decided

step-wise based on the outcome of the preceding step.

R and D and regulatory aspects

An analysis of our survey indicates that there is sufficient interest

to warrant further investigation of the process for Ireland. If we

accept the validity of this interpretation, then an appropriate R and 0

programme should be outlined. Assuming the technical feasibility of the

process for the selected products and taking into account any modifica-

tion to meet the particular needs of Irish Foods (e.g. fruit or

vegetable varieties), then market trials of the selected product(s)

should follow.

However, regulatory and legislative requirements would first have to be

met. The appropriate agencies would have to be satisfied on such

aspects of the process as Source of Irradiation, location of the

irradiator, type of food to be processed, purpose of the treatment, the

advantages of irradiation compared with other food processing tech-

niques, data on wholesemeness, and the maximum and minimum dose used.

Most likely the sensitive issue of labelling will fall within the ambit

of the regulatory and legislative authorities. Whether or not it is a

legal requirement to label the food product as being irradiated, no

doubt there will be much debate on the merits or otherwise of labell-

ing. However, for the purpose of market trials and in order to test

consumer reaction towards irradiated food, it might be wise to adopt

some form of labelling to distinguish the product.

Close co-operation between those carrying out the R and D programme and

the market trials is important in order to co-ordinate and control the
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market trials and to safeguard the participants ~ the processors and

food handlers. Assuming that the response is favourable to the market

trials, the next step should be the transfer of the technology to the

Food Industry.

Information and Education

Before the process is developed commercially, however, it is obvious

that the consumer i.e. the general public, should be suitably informed

of the process so that consumer resistance problems can be minimised.

Comprehensive information and promotion campaigns should be launched to

inform all those affected by the process - food producers, packers,

consumer representative groups and consumers about the reasons for

irradiating foods and the advantages of the technology. The inform-

ation/education campaign should be on-going and collaboration with the

mass media would be a vital step in presenting an unbiased and informed

viewpoint to the public.

It would be naive, however, to expect that there would be unconditional

acceptance of the process by (a) an industry which in this country has

not been noted for its progressive approach to technological devel-

opments, and (b) the consumer who is ever more aware of the quality and

composition of the food which he eats.

Standards and Labelling

The successful progress to a commercial scale operation will be depend-

ent on a number of factors. Careful attention must be give to the

standards for the irradiated products.

1. Selection of a suitable product,

2. Storage before and after processing,

3. Handling for storage and display,

4. A code of practice.

If it is agreed, or indeed legally required that the product should be

labelled, it must be decided whether to use an emblem or to include an

actual statement of irradiation on the label. It is important that
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product deficiencies are not blamed on the process just because it is

known that the product is irradiated. The advantages of labelling are

that a label can be used for

1. Information for the food handler,

2. Inspection and Quality Control purposes,

3. Forming an association of quality with an irradiated

product.

Technical and Economic Factors

Finally, technical and economic factors must be decided. What size

irradiator should be purchased and where should it be sited - in-house

or a service facility? Will seasonal production of a product or

products present an economic problem? Will there be sufficient through-

put to make the process economically viable?

The order in which the various steps are presented in this paper are

not necessarily sequential - rather they will overlap and for example,

regulatory and labelling decisions and possibly an education/inform-

ation campaign will precede market trials. Some technical and economic

hurdles will have to be crossed before market trials can take place.

SAFETY

The subject of safety of irradiated foodstuffs has been deliberately

avoided in this paper. Whatever one might feel about the safety of the

products and doubtless this topic will be subject to lengthy debate

here, as it has been in most other countries where food irradiation has

been considered, the reality is that we must defer to the expert

knowledge and many published papers on this topic. We must make our

decisions on the information that is available elsewhere, or else dis-

miss the prospects of developing our own food irradiation in the

forseeable future. This is not intended as an argument for or against

food irradiation - rather an observation that the time required to

develop our own safety testing programmes would preclude us from making

a decision for or against the process, for at least the next ten years.
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CONCLUSIONS

Internationally the trend is towards an increase in the application of

Gamma Irradiation in the preservation of foods. A list of foods

appropriate to further investigation, in Ireland, has been identified.

It may well be that other suitable products could also be studied.

The Health Care industry was included in this presentation for two

reasons - the technology is well developed for that industry in Ireland

and it might be wise to consider the economics of the operation, which

could well be dependent for its viability on a product other than food

i.e., medical devices and pharmaceutical products. Further, the expert-

ise in relation to the operation of a commercial facility in Ireland at

the present time is based entirely in the Health Care industry and I

believe that they have a significant contribution to make in the

transfer of that technology and expertise to the Food Industry.

Before gamma irradiation of food becomes a commercial reality in

Ireland there are many aspects of the process which will have to be

addressed - technical, regulatory, wholesomeness, consumer response,

market trials, information and education campaigns, and the economic

viability of the process. Given that there is sufficient interest from

the Food Industry in the Process, preliminary investigations should be

initiated. It may well be that economic factors will ultimately decide

but meanwhile we may be placed at a disadvantage in competing for an

export market, if our competitors can produce and sell a better quality

product at a competitive price.
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TABLE 1

1.

2.

3.

4.

5.

PURPOSE

Sprout inhibition

Insect disinfestation

Shelf life extension

Pathogen elimination

Sterilisation

EXAMPLES

Potatoes
Onions

Cereals, -Hour,
fruit

Poultry, fish,
fruit

Poultry,
fish

Spices,
meat

DOSE

0.01

0.1

2.0

3.0

15.0

RANGE (kGy)

- 0.1

- 0.2

- 5.0

- 10.0

- 25.0
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SUMMARY

MORNING SESSION - Food irradiation in some European countries.

United Kingdom.

Mr. Frank Ley of the United Kingdom described research and development
experience in food irradiation followed by commercial utilisation of
multi-purpose plants.

The main design objectives should be high efficiency and uniform dose.
Particular care must be given to dosimetry and the use of plastic dosi-
meters was described. Capital outlay for a 1 MCi Cobalt 60 irradiator
was estimated to be 2,5 million dollars giving a unit processing cost
of O.Sbb $/ft of throughput for 8000 hour/year use at a dose of 25
kGy. (2.5 Mrad). The sale of irradiated food for human consumption in
Britain is not yet permitted but it is expected that enabling legis-
lation will be introduced later this year. (See David Fishlock's recent
article in the Financial Times which is available here today).

Federal Republic of Germany.

Professor Diehl from Karlsruhe described work in the Federal Republic
of Germany, based on 30 years of research work at the Centre for Nutrit-
ion at Karlsruhe. The replacement of toxic chemical preservatives by
irradiation is an attractive possibility and permission for commerical
spice irradiation is expected later this year. Promising results had
been demonstrated for onions, tropical fruits, fish, shrimps, certain
meats and enzymes. Prolonged wholesomeness studies had failed to reveal
detrimental health effects up to 50 kGy. In spite of certain adverse
political and emotional pressures the author is convinced that food
irradiation will be permitted in all E.E.C. countries in the not too
distant future.
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France.

Monsieur Yves Henon discussed the situation regarding food irradiation in
France where cautious progress by clearance of specific food items
including onions, garlic, shallots, deboned poultry meats and 72 spices.
A general clearance for the use of ionizing radiation treatment up to 1
kilogray is under consideration. A most important guiding principle has
apparently been accepted in France that no further toxicological studies
are required for food irradiation dose levels up to ten kilograys.

AFTERNOON SESSION - Current interests in food irradiation in Ireland.

Horticultural Produce.

Dr. O'Beirne pointed out that, with regard to horticultural produce, the
us^fulnesss of irradiation is selective and that irradiation may be most
beneficial when used in conjunction with other preservative treatments
such as mild refrigeration. Big benefits may be derived from energy
saving in the degree of chilling required, in extended shelf life and in
quality retention with particular reference to mushrooms and straw-
berries. Research in the Irish context is urgently required.

Meat Products.

Dr. Dempster highlighted the importance of food irradiation in the
protection of the public against food poisoning from eating meat or meat
products contaminated with salmonella. We are aware that salmonella
infections are increasing at an alarming rate (2000 in 1952 to 12000
reported cases in 1982 in England and Wales alone). Dr. Dempster
reported that 50% of the chicken carcasses examined by workers in America
were found to be salmonella contaminated. Use of irradiation in
co-.junction with mild refrigeration can extend the shelf life of vacuum
packed chicken by a factor of three. Dr. Dempster drew our attention to
the important legislation now under discussion in the U.S.A. which is
likely to extend the applicability of food irradiation rapidly in the
near future.
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Regulatory Aspects.

Dr. Mary Upton also drew attention to the U.S.A. Food & Drugs Administ-

ration agreement to allow irradiation for fresh fruit and vegetables of

up to one kilogray and of spices of up to 30 kilograys. She also

referred to the likelihood of favourable legislation in the U.K. later

this year. The potential for Irish Industry may well lie in:-

(a) Extension of shelf life of poultry, fish, fruit and

vegetables.

(b) Salmonella eradication.

(c) Control of sprouting in potatoes and onions.

(d) Treatment of food additives such as spices and enzymes.

(e) The replacement of ethylene oxide or of ethylene dibromide as

preservatives, residues of which are currently considered

somewhat suspect for health reasons.

Dr. Noel Nowlan, Chief Executive of the Nuclear Energy Board described

the role of the Board in relation to radiation safety in Ireland. The

Board has the duty to control by licence all activities involving

ionizing radiation and the licensing procedures to be followed in

relation to an irradiation facility were described. The Board provides

advice and information to the Government on all aspects of radiation

safety and proposals for new legislation for food irradiation in line

with the EEC draft directive were put forward.

The valuable contribution to Irish experience in this field currently

being made by the Health Care Industry is gratefully acknowledged.

- 100 -



FOOD IRRADIATION SEMINAR

ROYAL DUBLIN SOCIETY, THE AGRICULTURAL INSTITUTE & NUCLEAR ENERGY BOARD

FRIDAY, 1st MARCH 1985.

LIST OF PARTICIPANTS

Ms. Helena Acheson

Mr. Timothy Allman

Mr. John Archer

Food Drink & Tobacco Sector
Confederation of Irish Industry

Assistant Chief Veterinary Inspector
Dublin Corporation

Managing Director
Kinsealy Farms Limited

Dr. Gerard Barry

Mr. J.J. Behan

Dr. Michael Broaders

Mr. S.R. Brown

Dr. Edward Burke

Mr. Gerard Burke

Cannery Manager
Shannon Meat Limited

Southern Region Public Analyst
Southern Health Board

Microbiologist
Sligo Regional Technical College

Area Manager
Grace Process Chemicals

Food Technologist
Institute for Industrial Research and Standards

IMED Ireland Limited

Mr. Christopher Callaghan IMED Ireland Limited

Ms. Mary Campion

Mr. John D. Cunningham

Quality Controller
Meadow Meats Limited

Principal Scientific Officer
Nuclear Energy Board

- 101 -



Mr, Don Collins

Dr. Mary Concannon

Mr. S.A. Conlan

Mr. Michael Connolly

Mr, F. Corden

Dr. S.N. Donaldson

Dr. George Duffy

Food Technologist
Institute for Industrial Research and Standards

Lecturer
Carlow Regional Technical College

Managing Director
Kildare Chilling Co. Limited

Food Technology Specialist
AnCO - The Industrial Training Authority

Packaging Adviser
Irish Sugar Company

Senior Medical Officer
Dept. of Health and Social Services, N.I.

Board Member
Nuclear Energy Board

Mr. Abrahim El-Moslemany CPC Ireland Limited

Dr. T.D. Feeley

Ms. Annette Fitzgerald

Ms. Ann Francis

Mr. Brendan Gavin

Dr. Alex Gibson

Mr. John Glynn

Mr. Trevor Goodbody

Dr. F.R. Gormley

Public Analyst
Western Health Board

Senior Health Inspector

Mid-Western Health Board

Analytical Manager
Biocon Limited

Baileboro Co-Op Group

Inspector and Scientific Adviser
Dept. of Fisheries & Forestry

Research & Development
Avonmore Creameries

Di rector
Micron Clean Irl. Limited

Head, Dept. of Food Science & Technology

An Foras Taluntais

- 102 -



Mr. Oermot Greaney

Mr. Negley Groom

Dr. Nigel Halls

Prof. A.J. Holding

Mr. Li am Horgan

Mrs. Mary Jennings

Mr. Ciaran Lane

Mr. Stan Lawless

Mr. Dennis Legge

Mr. George Luke

Dr. Charles Mollan

Mr. Leonard Moran

Mr. Sean Mulcahy

Mr. David Murnaghan

Ms. Marian Murphy

Mr. Bob Murray

Food Technologist
Institute for Industrial Research & Standards

Managing Director
Irish Nurseries Limited

Becton Dickenson Limited

Head of Department
Dept. of Agriculture, N.I.

Head of Process Development
Biocon Limited

Lecturer
Galway Regional Technical College

Industrial Development Authority

Quality Control Manager
Galway Turkeys Limited

Head of Food Engineering
Loughry College of Agriculture, N.I.

Chief Chemist
Irish Biscuits

Royal Dublin Society

Biological Laboratories, Ballina

Chairman

Nuclear Energy Board

Royal Dublin Society

Department of Energy

Chairman, Food Technology Committee
Confederation Of Irish Industry

- 103 -



Dr. Ursula MacEvilly

Mr. Dan MacSweeney

Mr. D.E. McCarthy

Mr. Thomas McDonald

Mr. Pat McDonnell

Mr. Alo McGrath

Ms. Noreen McKenna

Dr. J.P. Mclaughlin

Dr. Aiden McLoughlin

Prof. Paul McNulty

Mr. Manus O'Brolchain

Mr. Pat O'Connell

Mr. Sonny O'Connell

Dr. Tom 01Flaherty

Dr. J. O'Grady

Lecturer - Microbiology/Biothechnolcgy
Dublin Institute of Technology

Production Manager
Carbery Milk Products Limited

Lecturer
University College Dublin

Product Group Manager
Erin Foods/Irish Sugar

Head - PIA Department

An Foras Taluntais

Director General
Irish Poultry Processors Association

Laboratory Technician
Ballybay Meat Export Limited

Lecturer in Physics/Radiation Researcher
University College Dublin

University College Dublin

University College Dublin

Institute for Industrial Research & Standards

National Board for Science and Technology

Quality Assurance Manager
Mitchelstown Co-op

Board Member
Nuclear Energy Board

Assistant Director
An Foras Taluntais

- 104 -



Mr. H. O'Rourke

Dr. Tom O'Toole

Dr. John T. Patterson

Dr. Jack Pearce

Ms. Harriett Pomeroy

Dr. Mai achy Powell

Dr. Brid Quilty

Mr. Pat Rogan

Mr. Brendan Ryan

Mr. Ray Shannon

Mr. David Simpson

Mr. Philip Singleton

Mr. Liam Smith

Dr. Joan Sorsdyke

Supervising Health Inspector
South Eastern Health Board

Dept. of Agriculture

Technical Adviser
Industrial Development Board, I.N.

Reader in Agricultural and Food Chemistry
Queen's University of Belfast

Lecturer in Microbiology
Trinity College

Chairman,
Radiation Advisory Committee

Lecturer
Carlow Regional Technical College

Senior Veterinary Inspector
Dept. of Agriculture

Head of Food Development Division
Irish Sugar Company

Technical Manager
Goodalls Ireland Limited

Marketing Adviser
Irish Goods Council

Board Member
Nuclear Energy Board

Biology Department
Kevin St. College of Technology

- 105 -



Mr. Robert Stanton

Dr. M.H. Stevenson

Mr. Gregory Tierney

Mr. Frank Turvey

Dr. J.H. Walsh

Industrial Inspector
Department of Labour

Principal Scientific Officer
Dept. of Agriculture , N.I.

Secretary

I r ish Co-Op Organisation Society Limited

Principal Scientif ic Officer

Nuclear Energy Board

Deputy Chief Medical Officer

Dept. of Health

Dr. I.S. Donaldson Queens University Belfast

- 106 -


