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FOREWORD

The International Consultative Group on Food Irradiation (ICGFI) was established on
9 May 1984 under the aegis of FAO, IAEA and WHO. ICGFI is composed of experts and
other representatives designated by governments which have accepted the terms of the
"Declaration" establishing ICGFI and have pledged to make voluntary contributions, in cash
or in kind, to carry out the activities of ICGFI.

The functions of ICGFI are as follows:

(a) To evaluate global developments in the field of food irradiation;
(b) To provide a focal point of advice on the application of food irradiation to Member

States and Organizations; and
(c) To furnish information as required, through the Organizations, to the Joint

FAO/IAEA/WHO Expert Committee on the Wholesomeness of Irradiated Food and
to the Codex Alimentarius Commission.

At the time of compiling the present document, the following countries were members
of ICGFI:

Argentina, Australia, Bangladesh, Belgium, Brazil, Bulgaria, Canada, Chile, Costa Rica,
Côte d'Ivoire, Ecuador, Egypt, France, Germany, Ghana, Greece, Hungary, India,
Indonesia, Iraq, Israel, Italy, Malaysia, Mexico, Netherlands, New Zealand, Pakistan,
Peru, Philippines, Poland, Syria, Thailand, Turkey, Ukraine, United Kingdom, United
States of America, Viet Nam and Yugoslavia.

This document contains a compilation of available scientific and technical data on the
irradiation of poultry meat and its products. It is intended to assist governments in
considering the authorization of this particular application of radiation processing of food
and in ensuring its control in the facility and the control of irradiated food products moving
in the trade. The compilation was prepared in response to the requirement of the Codex
General Standard for Irradiated Foods and associated Code that radiation treatment of food
be justified on the basis of a technological need or of a need to improve the hygienic quality
of the food. It was prepared also in response to the recommendation of the
FAO/IAEA/WHO/ITC-UNCTAD/GATT International Conference on the Acceptance,
Control of and Trade in Irradiated Food concerning the need for regulatory control of
radiation processing of food.

It is hoped that the information contained in this publication will assist governments
in considering requests for the approval of radiation treatment of poultry meat and its
products, or requests for authorization to import such irradiated products.

This IAEA-TECDOC has been referenced as ICGFI Document No. 11. Various
guidelines, codes and other documents adopted by ICGFI or prepared under ICGFI's auspices
should also be consulted.

The present compilation of data was prepared by Dr. L Klinger, Head of the
Department of Food and Feed Hygiene, Kimron Veterinary Institute, Bet Dagan, Israel, and
Prof. M. Lapidot, Head of the Radiation Technologies Division, Soreq Nuclear Research
Center, Yavne, Israel, on behalf of the International Consultative Group on Food Irradiation.

This monograph was reviewed by Dr. R.W.A.W. Mulder (Netherlands); Dr. T.A.
Roberts and Dr. W.R. Bradford (United Kingdom); Dr. R.E. Engel, Dr. G. Pauli, Dr. Martha
Rhodes, Dr. D. Derr and Mr. R. Chitwood (USA); Dr. D. Ehlermann and Dr. K.W. Bögl
(Germany).



EDITORIAL NOTE

In preparing this material for the press, staff of the International Atomic Energy Agency have
mounted and paginated the original manuscripts and given some attention to presentation.

The views expressed do not necessarily reflect those of the governments of the Member States or
organizations under whose auspices the manuscripts were produced.

The use in this book of particular designations of countries or territories does not imply any
judgement by the publisher, the IAEA, as to the legal status of such countries or territories, of their
authorities and institutions or of the delimitation of their boundaries.

The mention of specific companies or of their products or brand names does not imply any
endorsement or recommendation on the part of the IAEA.

Throughout the text names of Member States are retained as they were when the text was
compiled.
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1. INTRODUCTION

This technical monograph, containing information on diverse

aspects of the application of ionizing radiation to the
decontamination of poultry and poultry products, has been

elaborated by the International Consultative Group on Food

Irradiation, under the aegis of the Food and Agriculture

Organization (FAO), the International Atomic Energy Agency

(IAEA), and the World Health Organization (WHO). This package of

information is intended to serve Member Governments of the three

international organizations when preparing for and developing

regulations to permit the application of ionizing radiation to

chilled or frozen poultry and poultry products, and/or to permit

importation of irradiated foods.

In this respect it is impor tant to recall the International

Conference on the Acceptance, Control of and Trade in Irradiated

Food (136, 137). It was convened in Geneva during 12 to 16

December 1988, by FAO, WHO, IAEA, and the International Trade

Centre - United Nations Conference on Trade and

Development/General Agreement on Trade and Tar i f fs

(ITC-UNCTAD/GATT). It was attended by 220 experts in official

delegations of 57 member Governments of the four international

organizations, including experts authorized to speak on behalf of

their Governments, and by 35 representatives of 14 observer

organizations (GATT, UNCTAD, UNIDO, CAC, CEC, AIII, CEA, ELCI,

ICC, ILSI, IOCU, IPC, ISDI and IUF) as well as 7 representatives

of the four convening organizations (FAO, IAEA, ICT-UNCTAD/GATT,

and WHO).

This Conference recognized that:

a) Food irradiation has the potential to reduce the incidence of
foodborne diseases through the reduction of pathogen

contaminat ion in foods, especially in solid foods.

b) Food irradiation can reduce post-harvest food losses and make

available a larger quantity and a wider variety of foodstuffs

for consumers. It can also be an effect ive quarantine



t reatment for certain foods and thus contribute to

international trade.
c) Regulatory control by competent authorities is a necessary

prerequisite for introduction of the process in accordance
with the principles of the Codex General Standard for

Irradiated Foods and the Recommended International Code of

Practice for the Operation of Radiation Facili t ies Used for

the Treatment of Foods. Food irradiation is not to be used as

a substitute for GMPs.

d) International trade in irradiated foods would be fac i l i t a ted

by harmonizat ion of nat ional procedures based on

internationally recognized standards for the control of food

irradiation.
e) Acceptance of irradiated food by the consumer is a vi tal

factor in the successful commercia l iza t ion of the irradiation
process, and information dissemination can contribute to this

acceptance.

The Conference recommended that:

a) Consideration should be given to the application of food

irradiation technology for public heal th benefits, especially

for products where this process would seem advantageous.

b) Consideration should be given to the application of food

irradiation technology where it can, in appropriate cases,

reduce post-harvest losses of food and serve as a quarantine

treatment.
c) Governments should ensure that, as a prerequisite to any

processing of food by irradiation or sale of irradiated food,

regulatory procedures for control are introduced. Key
principles which should be incorporated are the

registration/licensing, regulation and inspection of food

irradiation facilities, documentat ion and labelling of

irradiated food, training of control officials, and

employment of GMPs.
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d) Regulatory procedures for the control of the food i r radia t ion

process should be consistent with internationally agreed

principles as embodied in the Codex General Standard for

Irradiated Foods and associated Code of Practice. Dosimetry

traceable to national or internat ional standards should be

applied during the irradiat ion process, providing a means of

independent verif icat ion.

e) Governments should encourage research into methods of

detection of irradiated food so that adminis t ra t ive control

of irradiated food, once it leaves the facility, can be

supplemented by an additional means of enforcement, thus

faci l i tat ing international trade and reinforcing consumer

confidence in the overall control system.
f) Labelling of irradiated food for internat ional trade should

be in line with the provisions as adopted by the Codex

Alimentarius Commission.

g) Governments should ensure that all phases of the planning and

operation of food irradiation faci l i t ies are subject to a

regulatory structure consistent with relevant internationally

accepted standards for human health, safety and environmental

protection.

h) Governments, especially those that envisage authorization of

food irradiation, are encouraged to provide clear and
adequate information about food i r radia t ion to the public.

The active participation of all interested parties, including

consumers, should be encouraged.

This monograph is intended to provide jus t i f ica t ion for the

ut i l izat ion of the ionizing radiat ion process in the case of

poultry and poultry products for the purposes described in the

monograph, i.e. to control vegetative pathogenic bacteria and to
extend shelf- l i fe . This is in agreement wi th the first of the

"Ten Golden Rules for Safe Food Preparation" of the World Heal th
Organization, published in 1989 (201), and appended to this

document as Annex I, which states:

11



"While many foods... are best in their natural state, others

simply are not safe unless they have been processed. For example,

always buy pasteurized as opposed to raw mi lk and, if you have

the choice, select fresh or frozen poultry treated with ionizing
radiation. When shopping, keep in mind that food processing was

invented to improve safety as well as to prolong shelf l i fe ."

This document is intended to complement information already
available to member Governments, so as to fac i l i ta te eventual
actions of Governments concerning the authorization of t reatment

of irradiation of poultry and poultry products.

Governments are kindly invi ted to notify the secretariat of

ICGFI of such intended actions, as well as of intended action

concerning the sale of irradiated poultry and products, and/or of

the importation of irradiated poultry and poultry products,

especially from other ICGFI member countries.
All this is in particular response to the recommendations of

the International Conference quoted above.

2. SCOPE AND PURPOSE

2.1 Scope: Foods Covered by this Monograph

Poultry (see glossary)

a) Freshly chilled eviscerated poultry.
b) Freshly chilled poultry parts.
c) Freshly chilled minced poultry meat.
d) Freshly frozen eviscerated poultry.

e) Freshly frozen, poultry parts.
f) Freshly frozen edible offals (such as liver).
g) Freshly frozen minced poultry meat (including deboned meat).

These foods are often packed in cartons for ease of
distribution as well as for mechanical protection of the plastic

film enveloping the product.

12



2.2. Purpose of treatment

The primary purpose of irradiation of poultry is to e l iminate or

otherwise inactivate, pathogenic microorganisms present in freshly

chilled or frozen poultry and, thereby, to make these foods safer for
human consumption (radicidation). These pathogenic microorganisms may be

certain bacteria such as Salmonella, Campylobacter, Yersinia or

Listeria.
An additional benefit expected from this treatment is to extend the

shelf-life of freshly chilled poultry by reducing the microbial

population, primarily vegetative forms of bacteria, which are the cause

of the spoilage (radurization).

3. JUSTIFICATION OF THE TREATMENT

3.1. General

From the hygienic point of view, poultry meat has a special

position among all other food products of animal origin since

modern poultry production, based upon mass raising, transportation

and industrial processing of poultry meat, acts from the
microbiologial point of view as a homogenizer of contamination.

The initial bacterial population of the live bird skin,
originating from intestinal content and poultry house litter, is

spread among individuals by common transportation to, and shared

processing in the slaughterplant which includes scalding,

defeathering, evisceration and immersion in or spraying with

chilling water (4, 267, 268).
In a study of the sources for cross contamination of poultry

during processing, it was concluded that all the processing plant

operations can affect the microbiological quality of the ful ly

processed carcass (45). The main sources of the potential cross
contamination in poultry processing plants are summarized in
Table I. It is the goal of the poultry processor to reduce the

total number of microorganisms and to try to prevent cross

13



TABLE I. SOME POINTS OF POTENTIAL CROSS-CONTAMINATION IN POULTRY
PROCESSING PLANTS (87)

Receiving and hanging

b i r d t o b i r d i n coops

a i r i n ho i d ing sheds

coops

hands of hangers
dust and air in hanging area
shackles and r a i l dust
Killing
bi rd to bi rd
ai r
k i 1 1 ing machine or knife
shackles and r a i 1 dust
Scalding and de feathe ring
scald water
picking fingers
condensate
ai r
bird to bi rd
pinners hands
hock cutter
bei t for rehand
shackles and air dust
rehang operators hands
Evi see rat ion
employees hands,
inspectors hands
knives and other cutting
inst rument s
machine contact surfaces (oil sac,
1ung machines, head cutters etc.)
ai r
shackles and rail dust
bi rd to bi rd
non cutting instruments (lung guns,
lung rakes, head pullers etc.)
belt and chutes
g i b1e t f1 urne s a nd wa t e r
hang back racks

Chilling
c h i l l water
ice
bi rd to bi rd
ai r
elevators
belt and chutes
giblet to g i b l e t , neck to neck
Gradi ng
employees hands
bel ts
shackles and r a i l dust
bi rd to bi rd
ai r
Ice packing
employees hands
packing bins
bird to bi rd
ai r
i ce
packing ma te rial
giblet or neck to carcass
(or vice versa)
Cut up
employees hands
saws or power knives
bi rd to bi rd
part to part
ai r
belts, bins, pans, etc.
shackles and r a i l dust
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contamination of any pathogenic bacteria which might be present.

The method commonly used for sanitizing poultry meat _ rinsing in

or spraying with large amounts of potable water _ can only reduce

the bacterial load of this food product to a limited extent (320).
This results in a relatively high contamination rate of poultry

meat compared to other foodstuffs of an ima l origin. The rapid
growth of the broiler industry has led to a more readily avai lable

and cheaper source of meat but also has increased infection in the

birds and thus contamination of carcasses (341). Around 60 - 80%
of retail chickens in the UK are contaminated with Salmonella and

reports from other countries indicate levels which range from 5 to

73%. Up to 100% of the birds may contain Campylobacter and 60%

may also harbour Listeria monocytogenes (341). The consequence of

the intensive agi tat ion of poultry carcasses during processing is

that a large variety of bacteria genera and species is spread as

contaminants on the meat (see Table II) (43, 198, 266), including
some that are pathogenic to the human consumer, such as

Salmonella, Campylobacter, Staphylococcus, Clostridium and

Listeria (57, 64, 124, 161, 183, 192, 215, 217, 228, 229, 237,

302, 320, 408, 414, 420, 425, 428, 432) (See also illustrations

in Annex II).

TABLE ÏÏ. GENERA OP BACTERIA ISOLATED FROM POULTRY (87)

Achromobacter
Act inomyces
A e r o b a c t e r
Al c a l i g e n e s
A r t h r o b a c t e r
Bac i1 l u s
Brev i bac t er i um
Campy l o b a c t e r
Cl os t r i d i a
Corynebac t e r i um
E s c h e r i c h i
Flavobac ter iutn
G y f f k a y a
Haemophilus
L a c t o b a c i l l u s

Listeria
Mi crobacterium
Mi crococcus
Ne i s s e r i a
Paracolonbacterium
Proteus
Prov i dent i a
Pseudomonas
Salmonell a
Sarcina
Serrat 5 a
Staphylococcus
St reptococcus
St reptcmyces
Ye r s i n i a
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From the practical view point, it means that a single flock,

contaminated with one or more infective agents, can spread the
infection to a whole production lot processed in common.

Concerning Salmonella, a detailed report of an expert committee
(428) dealing with the origin of contamination states that " While

in England and Wales poultry accounts for more than 50% of

salmonellosis outbreaks and beef for only about 2%, in Northwest
European countries poultry and pork are the commonest sources of

infection". Furthermore, the same report states that: "Almost all

poultry carcasses may be contaminated: the number of bacteria may
originally be low, but as a result of mishandling, including

cross-contamination between raw and cooked food, the risk of

infection may increase dramatically".

Some pathogenic microorganisms have the capability to attach
themselves to the chicken meat surface. This is particularly true

for the contamination with Salmonella and Campylobacter (46, 76,

115, 162, 267, 320).

Attempts to decontaminate chicken meat by the addition of

chemicals to the processing water, reported for a decade, have met

with only l imited success (52, 87, 86, 95, 160, 307, 311, 325,

349).

Since poultry meat itself offers an excellent medium for the
multiplication of most bacteria, including those that are not

inhibited by low temperatures, storage of processed poultry meat
can be considered only under circumstances which inhibit the

mul t ip l ica t ion of the in i t ia l load of bacteria (64).

Despite all efforts invested in improving hygienic measures in

the processing of poultry, WHO documents (426, 433) state that:

"Many raw foods, particularly of animal origin, are heavily

contaminated with organisms of various kinds and attempts to

reduce microbial loads at various stages of production have

generally been unsuccessful." "The el iminat ion of pathogenic
organisms therefore depends largely on the correct application of
processing technologies, such as pasteurization, irradiation,

16



cooking, freezing and pickling at the industrial, retail and

domestic levels".

3.2. Microbiological Quality of Processed Poultry Meat

Large variations in the values considered as "normal" microbial
loads of raw poulry mea t may occur due to variations in

processing technology, season of the year and other factors. (215,

217, 350). Annex II describes the various bacteriological counts

(individual sampling and means) of broiler chicken skin determined

in the course of a survey of 7 industrial slaughter plants in
Israel.

A WHO document (423) states that: "The existing technology will

not el iminate Salmonella from carcasses derived from contaminated

live birds. However, good manufactur ing practice (GMP) may reduce

the number of Salmonella per carcass or reduce the possibility for

contamination of in i t ia l ly Salmonella-free carcasses".
The proportion of contaminated carcasses is determined mainly by

the number of contaminated l ive birds entering the processing line

and the hygienic conditions to which these carcasses are exposed.

The number of pathogens per carcass is of l i t t le significance,

since under favourable conditions these pathogens may mul t ip ly

rapidly. For these reasons it was concluded that the establishment

of a criterion for Salmonella could not be justified. However, the

urgent need for other effect ive measures, such as educational

programs of instruction in the proper handling and cooking of raw
poultry, which would reduce the possibility of cross contamination

and human infection, remains. Such instructions are necessary,

particularly in hospitals and geriatr ic inst i tut ions, where cooked

poultry is included in therapeut ic diets and is served to h ighly

sensitive consumers.

For the same reasons, poultry meat was considered by a

WHO/FAO/IAEA expert commit tee as a food product with re la t ive ly

high initial bacterial load, that leaves the processing l ine with
5 7a total bacterial count between 5x10 and 10 per sq. cm. (432);

17



this food product is therefore highly perishable and can be
spoiled easily.

3.3. Attitude Towards Microbial Contamination of Poultry Meat

Poultry carcasses are leaving the poultry slaughterplants with

an unavoidable heterogeneous load of microorganisms on their

surface. This microbial flora eventually limits the shelf-life of

the product. Exposure to any preservation process, prevents a fast

multiplication of part of the contaminants and creates a selection

effect in favour of those having the capability to multiply under

the particular conditions imposed. The presence of psychrotrophic

bacteria on poultry meat results in an increase of this microbial

load on the product, even if kept under refrigeration conditions;

this will cause deterioration and consequently spoilage of the

product in a given period of time (76).

Although poultry meat is usually not consumed in its raw state,

a WHO document (423) stated that: "Both cooked meat and cooked

poultry are frequently incriminated in outbreaks of food

poisonings, and the causal organisms may often be identified as

contaminants of the raw mater ia l . Heat resistant pathogens may

survive cooking and subsequently multiply to hazardous levels if

time-temperature abuse occurs. Any organisms from raw food may be

transferred to a cooked product by contaminated surfaces and

utensils and, again multiply if the product is mishandled". The

high risk population, including children, elderly people, and

pregnant women, is endangered in particular.
This led the Scottish authorities to exclude poultry meat from

hospital diets and to initiate irradiation treatment of chicken

meat in order to "reinstall this nutritious food into the diet"

(see Annex III) (295).

Due to the risk to h u m a n health reported by experts in this

f ield (255, 306), special a t tent ion was given by international

organizations, such as the World Heal th Organization, to the

education of persons directly involved with food, in part icular
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food of an imal origin, and programs were developed to improve the

coordination in international programs of personnel education

421, 422), and to improve surveillance of the incidence of food

borne diseases (419, 420).
This is in accordance wi th recommendations, given on several

occasions by experts, that the contamination of chicken meat with

pathogenic microorganisms, particularly with salmonellae, can be

controlled by the erection of three defence lines (340):

A. The raising of Salmonella free birds.

B. The decontamination of raw food - and in this respect it has

been stated that "Treatment of most raw foods to el iminate

Salmonella is only practicable by using ionizing radiation".

C. The strict observance of hygienic principles at the point

where food undergoes its f inal preparation for human

consumption, which is the final line of defence.

One of the most important factors in this respect is t ime and
temperature control. For this purpose, education, information, and

motivation of managers, inspectors, industrial and domestic

food handlers, and the consumer, is the only way to achieve

consistently strict maintenance of food hygiene in all

circumstances (415).

Several WHO publications (421, 426) demonstrate the objective

difficulties which inhibit the application of defence line A, and

that, despite efforts invested in several parts of the world, the

magnitude of the problem continues to increase. Reports on the

increasing number of cases of food borne disease indicate that

defence line C is also not very successful.

Mossel (304) sums up this situation as follows: "Nonetheless

it is the nonabsolvable assignment of Medical Food Microbiologists

in Academia to elaborate and disseminate an unbiassed comparative

evaluation of all available techniques, including radicidation,
which might constitute the terminal defense line in the generally

accepted approach to the safety of food of an imal origin."
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3.4. Public Heal th Significance of Contaminat ion of Poultry Meat

Poultry meat of excellent qua l i ty is processed, packaged,

stored and marketed in most countries of the developed world;

these products are processed under the best hygienic conditions

and good manufactur ing practices. However, even under the best

conditions, it is not possible to produce poultry meat free of

pathogenic microorganisms, which can survive in processed meat or

even mul t ip ly under refrigeration conditions, as demonstrated for

Listeria monocytogenes (124).

The presence of pathogenic bacteria on poultry meat creates a

significant potential public health hazard. Although poultry meat

is usually consumed after an exposure to heat treatment,

sufficient to destroy vegetative forms of pathogenic bacteria,

secondary contamination originating from raw chicken meat can

occur in food processing establishments. Epidemiological studies
of Salmonella, Campylobacter and Escherichia coli have

demonstrated that these microorganisms can survive on fingertips

and other surfaces for varying periods of time, and in some cases

even after hand washing (433). This is probably the most common

reason for reporting poultry meat as the main source for outbreaks

of salmonellosis, campylobacteriosis, listeriosis and other food

borne diseases, and probably the main reason that prompted the

elaboration of "the ten golden rules for safe food preparation"

(201) (see Annex I).
The ult imate goal of food hygienists to produce pathogen free

poultry meat may be achieved under prevailing conditions by two

main routes:

A. Raising pathogen free poultry, which, although still a

worldwide goal of the poultry industry seems to be

unrealistic in the near future.

B. Decontamination of poultry meat, which seems to be the more

promising, accessible and realistic approach. (46, 428)

Christian (423) concluded that:
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(A) Raw meats and poultry are important sources of Salmonella,

Clostridium perfringens, and Staphylococcus aureus, all of

which are commonly incriminated in outbreaks of foodborne

diseases.
(B) Most foodborne diseases attr ibuted to the consumption of

meats and poultry are a consequence of inadequate cooking of
the product and/or improper handl ing of the products after

cooking.

(C) The prevalence of Salmonel la in raw meat and poultry is more

likely to reflect the incidence of Salmonella in the l ive

an imal prior to slaughter than adherence to a Code of

Hygienic Practices.

(D) The eradication of Salmonel la from raw meats and poultry

cannot be achieved by the imposition of micriobiological

criteria on the finished product, but only by the elimination

of Salmonella from live animals prior to slaughter or by an
approved post slaughter treatment to ki l l this microorganism

(E) If eradication of Salmonella from raw meat and poultry and

from the live animals proves impracticable and if a large
proportion of the world's raw meat and poultry production is

not to be condemned by the imposition of severe

microbiological criteria on the finished product, human
salmonellosis from these sources may need to be controlled
by effective consumer education in the cooking and handling

of raw meat and poultry products.

3.5. The Contamination of Poultry Meat with Pathogenic Bacteria_

3.5.1. Salmonella

Although it was first recognized as a food borne zoonotic agent

more than one hundred years ago (August Gaertner 1888), Salmonella

still poses a severe problem in food hygiene, and in contrast to

most other zoonotic microorganisms mentioned in old publications

which have been eradicated following preventive measures taken on

the farm, the Salmonella problem is increasing (312, 351, 440).
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Poultry has been recognized as the most important asymptomatic

carrier of Salmonella and consequently, its excréter, in the human
food chain (94).

The contamination rate of Salmonella in poultry meat varies

considerably (87, 215, 217, 222, 238, 350, 351). Annex IV

summarizes the reports of Salmonella isolations from chicken meat
in different countries. Even in the same country the contamination

rate with Salmonella can vary considerably; it has demonstrated

that the contamination rate in 15 federal inspected

slaughterplants can vary from 2.5 to 73.7% and from one year to

another between a reduction of 29.3 to an increase of 62.5% (168).
The a t tachment of Salmonella to chicken skin is described as an

init ial entrapment in a water f i lm on the skin, followed by

migration to the skin during prolonged immersion in the bacterial

cell suspension (processing water). This may render bacteria on

carcasses inaccessible to bactéricides (267).
The contamination mechanism of poultry with Salmonella (94) is

described as follows: "supply of eggs or chicks from infected
parent breeder flock leads to a pyramidal increase of infection of
progeny; the limited number of parent breeder flock operators and

the varying degree of commitment in producing Salmonella-free

stocks adds to the complexity of the existing problem.

Distribution of contaminated feeds to multiplier and broiler

flocks, faecal contamination of water troughs in pens, use of new

or old litter harbouring Salmonella,, and movement of insect and

rodent vectors in barns further increase the potential for

contamination of birds. Extensive serotypic profiles in vertically

integrated poultry operations have clearly established a
relationship between contamination in the broiler barn environment

and presence of Salmonella in finished products. Surface or

internal contamination of hatching eggs, and improper fumigation

of eggs in the hatchery, can lead to extensive cross contamination

of eggs in the setting trays and subsequent infection of newly

hatched chicks. Shipment of birds from the broiler farm to the

processing plant in poorly sanitized crates increases the
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bacterial load on feathers and the potential for cross

contamination of birds and the slaughtering plant environment
during processing. In the plant, soiled birds are immersed in the

scald tank held at 52°-60°C to facili tate removal of feathers

Conditions prevailing in the scald tank are most favorable to

Salmonella survival and surface innoculation of birds. Scalded

birds are then introduced into a defeathering machine, a

mechanical device that removes feathers through the beating action

of rubber fingers. These rubber fingers effect ively innoculate the

surface of the birds that may have been Salmonella-free upon

entering into the processing plant. Notwithstanding, the

possibility of carcasses' contamina t ion during evisceration and

immersion in chil l tanks further augments the risk of cross

contaminat ion." It has also been shown that bacteria are f i rmly
attached to poultry skin before broilers arrive at the plant, and

that high numbers are still recovered after 40 consecutive whole

carcass rinses of a single carcass (266),

The World Association of Veterinary Food Hygienists and the

World Heal th Organization declared in a joint document (408) that:
"Salmonellosis is a real or potential problem in all areas of the
world", and: "It is evident today that salmonellosis and

campylobacteriosis are the two most prevalent reported zoonoses in

developed countries." This was true for the year 1967 in which
this report was written by the committee. The problem became much

more severe in the year 1987 when an increasing incidence of

contamination of food with salmonellae was reported in the UK,
incriminating chickens as the origin of the contamination; similar

reports followed from other developed countries (428). In the USA,

40,000 cases of human salmonellosis are reported by physicians
each year (58), but the total number of annual human salmonellosis
cases is estimated as 1,920,000 (Table III). In a WHO document

(428) it is stated that: "Some salmonellae serovars are adapted to

specific hosts; S.typhi, S.para typhi A and S.para typhi B in

particular are human pathogens and are not considered zoonotic

agents. All other salmonellae (approximately 2,200 serovars) are
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TABLE HI. ESTIMATED COSTS OF FOOD-BORNE DISEASES (435)

Bacterial pathogen
Bac. ce r eu s
St rept . group A
Ye r s i n i a
Staph aureus
Salmonella (non typhi)
Campy 1 ohac t e r
je juni , C. col i
Shi ge 1 la
E. coli - enteric
Bruce 1 1 a
Cl . per fr i ngens
Vibrio cholera
misc. enteric path
Vibrio (non - chol . )
Cl . bot ul i nun
Sa Imone lia typhi
L i s t e r i a monocy togenes

No. of cases
5,000

500,000
3,250

1,513,000
1,920,000

2, 100,000
90 , 000
50,000
50,000
10,000

25
50,000
10,000

180
480

1,581

mi 1 1 i on
1

175
1

908
1,344

1,470
108
60
<0
51
<0
255
199
4
14

213

US$

.05

.05

less host-adapted and can be transmitted from animals to man and

vice versa".

For a long time it was thought that it was necessary to ingest

large numbers of salmonellae (of the order of 10 or more per gram

of food) to cause disease in man. However, studies in recent years
have shown that, in certain foods, particularly those with low Aw

such as chocolate or salami, a concentration as low as 3-10 cells

per gram may cause disease. The problem of poultry meat and egg

contamination with Salmonella is greatest in countries with a

high level of sophisticated animal husbandry and where processing

of products of animal origin occurs on ful ly industrialized mass

production lines, even though under the best hygienic

conditions (219). It is estimated that 37% of the chicken meat
harvested in the western world is contaminated with salmonellae

(423, 425).

Recommendations for the control of Salmonella have been

presented in several international reports, beginning with the

first report of the Joint FAO/WHO Expert Committee on Meat Hygiene

(410). Updated recommendations for measures to reduce the

contamination rate with Salmonella are summarized in recent WHO
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publications (421, 426, 428, 431, 433). Judging by the recent

publicity given to Salmonella in chicken meat and eggs, it is

apparent that not enough attention has been paid in the past to
the impact of the problem on the consumer's awareness, and

consequently on the agricultural economy.

Prevention of Salmonella contamination of poultry products

should be considered at all stages from the farm to the market,

and hygienic improvement can be expected only if appropriate

measures are taken at every stage. Recommendations to control the

problem of chicken and eggs salmonellosis are summarized in a WHO

publication (431) in which it is recommended among other things

that: "The success of salmonellosis control /el iminat ion programme
in poultry today depends on the will of governments, producers and

consumers, and on the mobilization and strengthening of resources

in feed and poultry production, as well as on surveillance and

control services." This subject was therefore included in the

agenda of the 42n World Health Organization assembly, dated May

19, 1989 (434) (see Annex V) in relation to the prevention and

control of salmonellosis. The assembly requested member states,

and others, to strengthen efforts to control foodborne zoonoses

through the application of effective measures to ensure the
quality of foodstuffs.

3.5.2. Campylobacter

Campylobacter jejuni is a commensal bacterium of the intestinal

tract of poultry (65, 462). Intestinal contents of chickens
35 7colonized by Campylobacter may include as many as 10 ' -10

C.jejuni/g. Hence, the organism is often present on poultry

carcasses. During processing, the number of Campylobacter on

poultry carcasses is reduced by scald water; however, the

organisms within the intestine remain viable and are introduced

into the carcasses during defeathering and evisceration, which
results in contaminated carcasses. The organisms are often

isolated from poultry gizards and livers as well as from poultry
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meat. Freezing wil l not entirely e l i m i n a t e viable Campylobacter on

carcasses. Thus, the problem of con tamina t ion of poultry meat with

Campylobacter shows great s imi lar i ty to the problem of
contamination with salmonellae. However, although Campylobacter

live in a wide range of animals, they are especially common in

birds, an adaptation which is reflected in their high optimum

growth temperature of 42-43 C (356). Since birds are natural hosts

of Campylobacter jejuni and C. coli, colonization of poultry is

almost inevitable . The problem is exacerbated by the ease with
which contamination occurs during mass mechanised processing of

poultry carcasses. Thus, Campylobacter can be isolated from most

poultry sold in shops. In one study, fresh chickens had

Campylobacter counts of 1.5x10 per bird and uneviscerated
7

chickens up to 2.4x10 per bird (356). A case-control study in

Seattle, USA attributed 48% of all cases of Campylobacter
enteritis to the handling and consumption of chickens. Results are

unlikely to be very different in Europe and other developed areas,

where eating habits are similar to those in Seattle (536).

A contamination rate with Campylobacter of 80.3% in chicken,

48% in duck, 38% in goose and 3% in turkey has been described

(234), and cross contamination of poultry carcasses in the

processing plants which takes place especially during

defeathering, evisceration and cooling of poultry by means of spin

chillers, has been reported (240, 425).
Apart from hygienic measures, the decontamination of

end-product must be considered; at the moment treatment with

lactic acid or irradiation of the meat offer the most promising

results (205, 207, 270). Campylobacter jejuni, isolated from

poultry was found to be very sensitive to ionizing radiation

(239).

3.5.3. Listeria

The contamination rate of raw chicken meat with Listen a and

particularly L^ monocytogenes - a major food borne pathogen - has
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recently been under particular investigation (195, 430). A report

on contamination of chicken meat wi th L. monocytogenes showed

rates varying from 85% in the Federal Republic of Germany , to 60%

in England and Wales (57); this parallels reports of a

contaminat ion rate of 23% in retail broiler mea t (47), and on 70%

on chicken parts (164).

No epidemiological evidence on the relationship between the
contamination of poultry and outbreaks of listeriosis in humans
has been reported so far, and the consumption of poultry meat
usually follows its exposure to heat t rea tment ; however the
special chracteristic of Listeria spp. of mult iplying under
refrigeration conditions and the survival of Listeria at heat

treatments commonly used in the production of meat products (173),

render this microorganism particularly risky to the meat industry.

It has also been demonstrated that Listeria spp. can survive to

some extent the normal process of mi lk pasteurization (187).

Storage of industrially processed meat products originating from

poultry for several weeks under refrigeration, therefore, may

cause massive mult ipl icat ion of residual Listeria bacteria,

resulting in heavy contamination of the product (93). It is,
however, evident that irradiation of raw poultry meat at a dose of
2-2.5 kGy can reduce the contamination rate by at least 1x10 /g
(57, 187).

3.6. The Economic Impact of the Contaminat ion of Poultry Meat

3.6.1. Public health aspects

Several figures have been presented in the literature to

demonstrate the linkage between animals and human society in the

transmission of contamination by Salmonella; poultry has a

central position in all (see Annex VI). Data from various
countries incriminate poultry meat as playing a major causative

role in human salmonellosis (398),
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It is difficult to estimate the real costs of foodborne diseases

to the economy of a particular country, since this is often a

hidden cost, public health authorities being usually poorly

informed on the real incidence of foodborne diseases of microbial

origin (416). It was estimated (302), that only 1 to 5% of the

actual outbreaks are even recorded, and cases wherein only one or

two members of a household are involved are mostly not reported at

all. This phenomenon known as the "Iceberg effect", means tha t

most of the data are hidden.

Foodborne diseases are considered to be second only to

venereal diseases in causing morbidi ty in Europe. In the Uni ted

States, some 40,000 cases of human salmonellosis are o f f i c i a l l y

reported annual ly by the Center of Disease control (72), but their

best estimate of cases is more like 2 m i l l i o n cases of i l lness and

2,000 deaths annua l ly . It was es t imated (356), tha t the in tangib le

costs of Campylobacter enterit is in England are £ 587 per pat ient ;

thus the total costs of 32,000 laboratory diagnosed cases in 1989

amounted to nearly £ 9 mi l l ion , and if the annual rate of 100

cases per 100,000 persons is representative for the whole country,

the costs should be 10 t imes as high.

Taking this factor into account, several at tempts have been

made to calculate the real costs of foodborne infections to a
part icular nation. Estimates of the real cost are increasing

constantly. In the USA, the annua l nat ional losses, due to

salmonellosis in humans, were es t imated to run between $10 and

$100 mi l l ion (117). In another est imate, the annual direct and

indirect costs to the public heal th in the USA, due to

contamina t ion of food i tems with Salmonella re ached US$ 2 bi l l ion

(29). Calculat ions based on published data (435), estimated the
value of $ 1,344 bill ion, for medica l costs and productivity

losses associated w i th Sa lmonel la , and extrapolated costs for
other specific bacteria causing foodborne infect ions such as

Campylobacter , as $ 1.47 bi l l ion (Table III).

The annual cost for listeriosis in the USA, reflecting 1,860

cases calculated to occur each year are es t imated as $ 480
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m i l l i o n or more (342). A listeriosis outbreak can be costly to

the meat industry; the American meat industry pays annual ly 0.1 to

0.2% of a total income of $ 5.4 billions earned by 17 companies.

The total costs of salmonellosis are far greater, but not in

proportion with the number of cases because the per-case cost of
listeriosis is $ 137,000 compared to only $ 500-700 for

salmonellosis.

The annua l costs of h u m a n salmonellosis in 1977 in West Germany

were ca lcula ted as DM 108 m i l l i o n for sickness and DM 12 m i l l i o n

for death (231). The types of costs expressed as proportions of

the social costs of salmonellosis in 1977 were:

42% through loss of leisure

23% through welfare losses

16% through t r e a t m e n t costs

6% through e x a m i n a t i o n costs

1% other costs
It was also concluded that 72% of all Salmonella contamination of

food originate from animals while 81% of Salmonella transmitted to

human originate from food (230).

Estimates regarding the incidence of foodborne diseases in

Canada, of microbial, parasitic, animal, plant and chemical origin

(399), reached the figure of 2.2 million cases per annum, which

are the possible causative agent for an annual average of 31.2
deaths, resulting mainly from E.coli, hemorrhagic colitis,

salmonellosis and listeriosis. The total costs, including the
value of deaths estimated to have occurred, came to $ 1.335

billion, 88% of which was caused by microbial diseases. It was

suggested that this large sum of money for only one developed
country, could be reduced by various programs such as education,
good manufacturing and food handling practices, appropriate

sanitation procedures, and for certain diseases like salmonellosis
for instance, irradiation of foods and competitive exclusion of
pathogens in food animals.

Another publication (400), arrived at the estimation that in
the United States there are annually 12.6 million cases of
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foodborne diseases, costing $ 8.4 billion. Diseases of microbia!

origin represented 84% of the United States costs, with

salmonellosis and staphylococcal intoxications being the most

economically important diseases (annually $ 4.0 billion and $ 1.5

billion respectively). Other costly types of illness which are
transmitted to humans by poultry meat and mentioned by Todd (400)

are listeriosis ($ 313 million), campylobacteriosis ($ 156

million), Clostridium perfringens enteritis ($ 123 million), and
E.coli infections, including hemorrhagic colitis ($ 223 million).

Another publication (48) estimated the annual cost of
salmonellosis in the USA to reach about US$ 1.4 bil l ion (about

$700/case). In 1986, est imated costs in the UK for t reatment,

diagnosis and investigations were £ 375/case. In North America

costs per case ranged from about US$ 800 for incidents associated

with restaurants, take away meals, and food prepared in the home

to about US$ 10,000 for cases associated with a food producer;

costs for typhoid incidences were US$ 10,000 and US$ 350,000,
respectively.

3.6.2. Prolongation of marketing period (shelf - life) of chilled

poultry meat

Spoilage microorganisms will quickly render poultry meat

unacceptable due to putrefaction and decomposition of the product,

resulting in off-odours and development of slime. These effects

are slowed down by low initial loads of microorganisms and low

temperatures during storage (figures 1 & 2) (350). Storage of

freshly chilled chicken meat, under refrigeration conditions, has
however an effect of selection on the residual flora of the

product (see figure 3) (350). It was demonstrated (305) that 90%

of the bacterial population on chicken meat carcasses belongs to
the Pseudomonas species, which can grow under refrigeration

conditions.

These species are also extremely sensitive to the irradiation

process (see Table IV) (305, 329). Reduction of these bacteria by
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DAYS

10 12

FIG. 1. Effect of initial load of microorganisms on time required for development of 'off odor' and
slime on chicken meat at 4.4°C (350).

a
O

4 6 8 10 12 14 16 18
DAYS

FIG. 2. Effect of storage temperature on growth of bacteria on chicken meat (350).
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Breast
Aerobic Plate

count
/g at (h)

% Distribution
oo

Leg
Aerobic Plate

count
/g at (h)

% Distribution
NOo O)o oo

7-8 x 104
(0)

' I

7-0 x TO4
(0)

1-7 x 10=
(95)

4-9 x 10°
(46)

1-0 x TO6
(120)

3-8 x 10=
(70)

7-6 x 105
(144)

1 5 x 10C
(94)

2 5 x 107
(168)

6-3 x 107
(119)

1-7 x 108
(216)

1-1 x 10C
(143)

98 x 108
(268)

54 x 108
(167)

Pseudomonas pigmented Acinetobacter B
Pseudomonas nonpigmented ÜH Acinetobacter C
Alteromonas (P.) putrefaciens

FIG. 3. Changes in the distribution of microorganisms during storage of minced breast or leg muscle
of chicken at 1°C (350).
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irradiation to safe levels can slow down the spoilage process and,

therefore, prolong shelf l ife, resulting in increased marke t ing

profitability. Storage of radiation treated chicken under

refrigeration conditions has also an effect of selection on the

residual bacterial flora, which resists the irradiat ion process.

Tables V and VI (305, 329), describe the relative sensitivity of

various bacteria to the irradiation treatment and the D value

needed for e l imina t ion of various microorganisms present on

poultry meat.

The success of irradiation t reatment depends on several factors,

such as packaging, to prevent recontaminat ion of the processed

products, storage conditions, par t icular ly the storage

temperature, and the irradiation dose employed. Chilled storage of
i r radiat ion treated poultry, may result in spoilage of the product

TABLE IV. EFFECT OF IRRADIATION ON THE MESOPHILIC AND PSYCHROTROPHIC FRACTIONS
OF THE MICROFLORA OF FROZEN CHICKEN (305, 329)

Type of organism

Gram-positive cocci

Gram-positive rods

Gram-negative rods

Yeasts

Organism

Aerococcus
MICTOCOCCUS
Slaphylococeus
Lance Held D

streptococci

Corynebacterium
Laclobacillus

Acinetobacler
Xanthomonas
Pseudomona$
Kluyoera
Hafnia.
KUbsiflla
Escfierichia colt

Percentage

Mcsophilic

0

-
28
10

3

19
22

2
-
-
-
10
-

4

2

of total colony count" after irradiation

at (kGy): Psychrotrophic at (kGy):

2 4 0 2

10
39 43 - 83
_

43 50

3 19 3
— — — —

8
_ 4

46
- 5 -
- - 7 -
- - 11 -
_ _ _ _

5 7 - 1 4

Limit of significance 2-5%.
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TABLE V. RADIATION SENSITIVITY OF SOME ORGANISMS IN PROTEINACEOUS FOODS AND
BROTH (305, 329)

Organisms Medium Temperature Overall dose for I0(i

inactivation (kGy)

Aeromonas hydrophile.
Campylobacler jtjuni
Escherichia coli
Pseudomonas
Salmonella lyphimurium
Salmonella paratyphi
Shigeua dysenteric
Shigella flexneri
Shigella sonnet
Vibrio parakaemoiylicus
Yersinia enterocolilica
Staphylococcus aureus
Streptococcus faecalis
Micrococcus radiodurans
Closiridium botulinum 62A

(spores)
Foot-and-mouth disease
Poliomyelitis virus

Minced fish and beef 2
Minced poultry - 15
Broth
Broth
Veal 10
Beef liver 5
Oysters/shrimp
Shrimp 10
Crab meat
Crab meat
Ground beef/shrimp 0
Beef
Broth
Broth

Ham 15
virus Calf kidney cells

Calf kidney cells

1.3
1.9
0.4
0.6
3.4
1.8
2.4/Î.
2.5
1.6
0.5-1
1.2
1.9-3
5.5

60

15.5
36
84

5

.0

.4

TABLE VI. EFFECT OF IRRADIATION ON THE MICROBIAL COMMUNITY STRUCTURE OF FROZEN
CHICKEN (305, 329)

Organisms

Mesophilic colony count
Psychrotrophic colony count
Enterobacteriaceae
Lactobacillus
Lancefield D streptococci
Staphylococcus aureus

logic CFU/g after irradiation at

0

6.8
5.8
5.5
6.0
5.1
4.6

1

5.8
5.7

<2.8
4.1
3.7
2.2

2

4.6
4.0
1.0
4.2
3.9

< -0.5

(kGy):

3

4.1
<2.8

0.4
3.1
3.2

< -0.5

4

3.6
<1.8
-0.4
<2.8
<2.0

< -0.5

if stored for too long, due to mul t ip l i ca t ion of the

irradiation-resistant and psychrotrophic (low temperature

favoured) species such as Moraxella___spp., which are

in i t i a l ly present on the product in an insignif icant number (177,

189, 218, 350).

34



It is important to bear in m i n d that not every microorganism

which is harboured in poultry meat , is in f luenced in the same way
by exposure to ion iz ing radiation, and according to the D va lue

of dif ferent bacteria, the response to irradiation can vary from

very sensitive to very resistant. Small differences in sensitivity

have been noticed even in the same species (309). However, most
species found on poultry meat are very sensitive to ionizing

radiation. Due to the selection effect created by the irradiation
process, the surviving bacteria, consisting of those rela t ively

resistant to the radiation doses employed, will mul t ip ly if they

also possess some psychrotrophic properties (see tables VII and

VIII) (305, 329). This wil l eventually l i m i t the shelf l i fe of

the chilled irradiated product.

3.6.3. Losses due to damage to products' reputation

The contamination of food products with foodborne pathogens

recently gained headlines in the popular mass media. The public is
more than ever before aware of "healthy food", and is informed

about the dangers of latent contaminat ion of food i tems wi th

TABLE VII. FLORA SHIFT AS A RESULT OF POST-IRRADIATION STORAGE AT 21 °C FOR 36 h
(SEVERE TEMPERATURE ABUSE) (305, 329)

Type of organism

Gram-positive cocci

Gram-positive rods

Gram-negative rods

Organism

Micrococcus
Staphylococcus

Corytiebacterium
Lactobacilluj
Leuconostoc

Moraxdla
Pseudomonas
Entcrobactcriaccac
Acinelobacter

Percentage shift

Mcsophilic at (kGy):

0 4

13
o _

23 4
13
4

17 72
4 —
6
4 24

Psychrotrophic at (kGy):

0 2

5
3

22
13

_

30 62
3 2
3

18 36

Other 14
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TABLE Vm. FLORA SHIFT AS A RESULT OF POST-IRRADIATION STORAGE AT 12°C FOR 84 h
(MODERATE TEMPERATURE ABUSE) (305, 329)

Type of organism

Gram-positive cocci

Gram-positive rods

Gram-negative rods

Other

Organism

Micrococcus
Staphylococcus

Coryntbaclcrium
Lactobacillus

Moraxella
Pseudomonas
Enterobacteriaceae

Percentage shift

Mesophilic at (kGy):

0 4

9
14

34
9

25 93
7

-

9

Psychrotrophic at (kGy):

0 4

2

23
6

46 88
2 12
8

13

pathogens, and so reacts by being more selective in its food

buying habits, preferring food articles without a connotation of

danger to its health (409). The reaction of the U.K. public to

the publicity given to the problem of Salmonella contamination of

poultry and eggs, and to the contamination of cheeses with

Listeria, was a large measure of rejection of these products. The

impact of this phenomenon on the poultry industry during 1988 was
more than severe, and was described in some publications as

"hysteria", with losses estimated above £ 100 m i l l i o n .

3.7. Decontaminat ion of Poultry Meat by Chemical Means

Attempts to decontaminate poultry meat by various means have been

described for more than a decade; the addition of substances such

as ant ibiot ics (52, 95, 394), chlorine (325, 337, 389, 394),

organic acids (81, 86, 199, 307, 311, 394), and other means (85,
88, 160, 227, 300, 339, 349, 357, 395) have been reported.

However, a WHO document (415) states that "Salmonella enter
processing plants on or in incoming l ive animals . No process other

than ionizing irradiation wil l e l imina t e Salmonella from carcasses
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and retain the characteristics of raw poultry". It is possible and

advisable to reduce the contaminat ion rate by applying the Hazard

Analysis Critical Control Point (HACCP) concept, which involves

identifying the critical points in different levels of production,

including breeders and layers, layer farms, hatching, farming, and

all stages of chicken meat processing (193, 426). However, the

success of these efforts to completely eliminate the pathogen

problem is limited. Therefore, the statement that "irradiation and

the physical methods of preserving foods, such as controlled

atmosphere storage, should be encouraged and promoted" (428), is

still valid.

3.8. Decontamination of Poultry Meat by Ionizing Radiation

The fact, that poultry meat can be satisfactorily

decontaminated using the ionizing radiation process, seemed to be

a recommended solution a few decades ago, and has been mentioned

in previous sections. The proceedings of the International

Committee of the World Association of Veterinary Food Hygienists

(408) stated that: "For frozen meat and poultry, irradiation is at

present the only process that secures reliable decontamination
without changing the character or the wholesomeness of the food."

In 1980, a conference of the World Association of Veterinary

Food Hygienists (415), stated that:" With regard to the

acceptability to the public of irradiated feedingstuffs and food,

the conference supports the use of ionizing radiation as being the

most effective way to suppress salmonellae". This conclusion was

based on the awareness of the objective evidence of the safety of

the procedure when properly controlled, as recommended by a Joint

FAO/IAEA/WHO Expert Commit tee on the Wholesomeness of Irradiated

Food, JECFI (417). In a recent publication (429), the World Health

Organization stated that "the re la t ive ly low dose of radiat ion

needed to destroy the non-spore form ing pathogenic bacteria in

food, such as Salmonella , Campylobacter, Listeria and Yersinia,

can. be very useful in controlling the serious public health

problem caused by these organisms".
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It has been demonstrated that for six Salmonella strains,

artificially contaminating sterile mechanica l ly deboned chicken,

the D value needed was 0.56 kGy (386), and a dose of 2 kGy was
4

sufficient to destroy 1x10 cells of Listena monocytogenes per
gram (187). Baird Parker, (48) summarizing the updated knowledge

on foodborne salmoneilosis, mentions that despite attempts to
reduce infection in live animals, and to apply good hygienic
practices in the abattoir and during further processing, it is

inevitable that some raw meats will be contaminated. Irradiation

can be used to reduce the numbers of Salmonella that may be
present in raw meat to safe levels. The advantage of irradiation

is that it can be applied to the final packed product, and thus

recontamination is substantially avoided.

Kampelmacher (206) concluded that raising of Salmonella free

meat animals is not expected in the near future, since

conventional decontamination processes are on the one hand limited

in effect, and on the other hand used so far only on a l imi ted

scale. Treatment with ionizing radiation should therefore be of

primary importance in this decade.

3.9 Expected Benefits and Limitations from Employment of the
Ionizing Radiation Process on Poultry Meat at the National Level

Under the conditions prevailing today, it is not possible to

produce pathogen-free poultry meat. This product is therefore
considered as one of the most hazardous food items to public
health (223, 255, 404). Reports from several developed countries
point towards the relatively high contamination rate of poultry

meat with pathogenic bacteria (321). It has been demonstrated,
however that irradiation treatment can solve the problem (205,

218, 220, 225, 241, 242, 243, 256, 261, 310, 324, 387, 396, 405,

406, 407, 412), and that the count of pathogenic bacteria, even at

a high incidence, can easily be reduced to safe levels with a

negligible or even unnoticed secondary effect on the organoleptic

(54, 55, 220, 221, 263) or nutr i t ive properties of the product
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(247, 336, 338, 390), depending on the irradiation dose and
conditions employed (see Annex VII), at acceptable costs (257).
In addition, the total count of bacteria, consisting ma in ly of
spoilage bacteria, is drastically reduced to below the enumerat ion

level, even if a low irradiation dose is employed, enabling

prolongation of the preservation period of chilled chicken meat

(49, 66, 79, 82, 119, 172, 188, 200, 202, 203, 204, 256).

The benef i t of in t roducing measures t ha t reduce or prevent the

occurrence of salmonellosis often outweighs the costs (48). For

example , based on data from a large scale outbreak of

salmoncllosis due to raw m i l k in Scotland in 1981, the costs of

purchasing and operat ing pas teur iza t ion equ ipment were estimated

to be much lower than the annual costs of potential Salmonella

cases associated wi th raw m i l k . Likewise, several studies have
demonstrated the positive cost /benefi t comparison of Salmonel la

control measures in Canada; the a n n u a l cost of i r radiat ion of

processed poul try was es t ima ted to be Can$ 18.5 m i l l i o n , whereas

the benef i t s in te rms of reduct ion in h u m a n salmonellosis was

es t ima ted to be Can$ 52.7 m i l l i o n (399).

L ike any other food t r e a t m e n t , i r r a d i a t i o n also has i ts

l im i t a t i ons : i t can i n h i b i t m u l t i p l i c a t i o n of l iv ing

microorganisms but cannot destroy or denature the metabol i tes

excreted by bacteria nor the dead bac te r ia l m a t r i x , some of which
act as toxins (i.e. Staphylococcus enterotoxins) .

There is, therefore, a need to d e f i n e bacter iological standards

as "red border lines" for the m a x i m u m load of bacteria on poultry,

to be a d m i t t e d for d e c o n t a m i n a t i o n by r a d i a t i o n (432).

These va lues should by no means exceed the m a x i m u m bacter ia l load of

chicken mea t , achieved in each country by those industr ia l

s laughterp lants which are equipped w i t h and employ the best

fac i l i t i e s , are operated in accordance w i ( h the ( » M P prescribed,

and are controlled by the nat ional regula tory au thor i t ies .

The upper va lues of bac te r i a l counts of rcady-to-cook ch i l l ed

or frozen ch i cken mea t , prior to t r e a t m e n t by the ion iz ing

rad ia t ion process, should therefore, be specif ied for each ch icken
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product in accordance w i t h the above considerations in the

respective count ry . An expert group, convened w i t h i n the f ramework

ol the World H e a l t h Organiza t ion (432), concluded t h a t "food to be

f u r t h e r processed should be of such microb io log ica l q u a l i t y tha t ,

were it not for the assumed presence of ihe ta rge t organisms, they

would be considered wholesome and microbio logica l ly acceptable."

The same group of experts concluded t h a t the bacter ial counts

of poultry to be t rea ted by i r r a d i a t i o n should have a va lue
5 2 7 2between n\ = 5x10" /cm and M- 10 /cm of sk in area, where m= the

population at or below which no concern is recognized and M= the

population above which the lot is rejected. These levels were set

in order to give guidance to national authorities, on how to

ensure that this harmless, nondetectable and effective t reatment

was not misused, and that poultry meat with inferior
microbiological quality (or even unf i t for human consumption, due
to a heavy bacterial load prior to the irradiation process),

should not be offered to the public as a fresh, clean, safe and
wholesome product after cleaning by exposure to the irradiation

process. The same considerations are reflected in a document on

food irradiation adopted on 16 December 1988 by the

FAO/IAEA/WHO/ITC-UNCTAD/GATT International Conference on the

Acceptance, Control of and Trade in Irradiated Food (137), which

contains the statement that: " Food intended for treatment by
radiation should be of a quality acceptable for good manufacturing
practices (GMP). Hygienic practices which are needed in GMPs for
other processes are also necessary in the process of irradiation,

but irradiation should not be used as a substitute for such

practices. Wherever necessary, pre-treatment of food, such as

cooling, chilling and freezing, should be carried out in such a

manner as to achieve effective treatment. Suitable packaging

materials are currently available for use when prepackaging is

required to prevent recontamination after irradiation".
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4. DESCRIPTION OF THE TREATMENT

4.1. General

Fresh poultry is to be treated with ionizing radiation to
destroy the pathogenic microorganisms (such as Salmonel la,
Campylobacter, etc.) and to extend its shelf life (reduction of
saprophytic microflora). The treatment is applied to the
eviscerated poultry, to poultry parts, to edible offals and to
poultry products (minced, etc.) in their final retail packaging
(usually polyethylene or other films), to protect from
recontamination. The treatment is applied to the already chilled
product (between 0°C and 4°C), or to the frozen product (at

The irradiation treatment (see information about ionizing
radiation in Annex VIII) is applied in specific f a c i l i t i e s ,
termed irradiators, or irradiation plants, which are described
bel ow.

4.2. Characteristics of Irradiât ion Faci l i t ies

4.2.1. Radionuclide f a c i l i t i e s (258)

These plants utilize radionucl ides as source of ionizing energy
(in the form of gamma radiation). The most commonly used
radionuclide is cobalt 60, obtained by exposing metallic cobalt
59 to the neutron flux in a nuclear reactor, and thereafter
doubly encapsulating in stainless steel holders (see figure 4),
each of which has been welded under an inert atmosphere, to
ensure complete and perfect sealing and insulation of the
radionuclide from the external environment. The source is
composed of a rectangular (see figure 5) or cylindrical (see
figure 6) array of numerous cobalt -60 elements (usually rod
shaped).

In order to protect plant operators, other workers and the
public, the irradiation chamber (the area of intense gamma field
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END CAP

9.65 mm DIA

INNER CAPSULE

Co. 60

SPACER
(AS REQUIRED)

END CAP

FIG. 4. The structure of a doubly (stainless steel) encapsulated cobalt-60 element (232).

surrounding the source), is isolated from the environment by
heavy concrete shielding, usually at least 1.6 - 1.7 meters thick
(see figures 6 and 7). The irradiation chamber also contains a
5-6m deep pool filled with deionized water, for storage of the
source when not in use (see figure 8). The 3.5 m depth of water
above the source top provides the necessary shielding inside the
chamber, when the source is not in use (see figure 9). Obviously,
the shielding must contain passages to allow introduction and
extraction of product as well as entrance and exit of operating
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F/G 5. A rectangular array of source elements above water pool (19).

FIG. 6. A cylindrical array of source elements in water pool (58).
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FIG. 7. Structure of radiation shield and safety features (58).



personnel. These apertures must not allow leakage of ionizing
energy. Since the latter travels in a straight line, and since
three reflections of the energy rays by the concrete walls will
reduce the field a billion fold, i.e. to acceptable levels, the
passages are usually in the form of labyrinths with at least
three right angle bends (see figures 9 and 10).

There are two types of irradiation plant systems
continuous and batch. In the continuous irradiation plant (see
figures 6, 8 , 10, and 11), there is usually a special labyrinth
for the product boxes, with doors that automatically open before
a box enters or exits, and automatically lock immediately
thereafter, to prevent unwanted entry of small animals or birds.
The door to the labyrinth for personnel has to be locked before
raising the source from the pool. It is fully interlocked with
other safety devices (see figure 7), to prevent unauthorized
entry once the electromagnetic field has been established, or to
prevent its establishment (i.e. raising of the source from the
pool), if the chain of interlocks is open or broken at any one
po i n t.

The product boxes are introduced sequentially, one after
another, as such (see figures 12 and 13) or contained in tote
boxes (when they are moved by pneumatic pistons and rolling
conveyors - see figures 14 and 15), or are placed into carriers
(which are moved by overhead convey ing mechani sms, see figures 16
and 17), at a fixed time interval, determined by the total time
of retention in the irradiation chamber, which ensures absorption
of the dose required. The passage of the boxes in a fixed pattern
through a series of positions around the source, usually on two
levels, on both sides of a rectangular source plaque (see figures
12 and 13), or around a cylindrical source (see figure 6),
ensures their uniform exposure to the electromagnetic energy
field.

In the batch system, a set number, or batch, of boxes is
introduced as such (see figure 18), in totes (see figure 19), or
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FIG. 8. Source rack in storage within the deiomzed water pool (overhead earner facility) (25).



44 ft - l in 1344 cm

FIG. 9. Radiation shield, labyrinth and storage pool (26).

in carriers (see figure 20), into the irradiation chamber through
the single labyrinth. A shielded door is then locked after exit
of the personnel, the source is raised fron the pool and the
product is exposed to the gamma radiation for the period of time
necessary for absorption of the dose required. Here, too, the
boxes are moved around the source in a fixed pattern, to allow
uniform exposure of the boxes to the gamma field (see figures 21
and 22). The source is then lowered into the pool, and personnel
can re-enter and remove the exposed batch, and subsequently load
a new lot for treatment.
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FIG. 10. Radiation shield and labyrinth
in continuous irradiator (19).

FIG. 11. Continuous irradiation plant (7).
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FIG. 12. Continuous irradiation plant, movement scheme of individual boxes (3).



FIG. 13. Source pass mechanism — complete view, continuous movement (21)

SOURCE HOIST

MECHANISM
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PRODUCT —
BOXES

CONTROL CONSOLE

EXHAUST

FIG. 14 Continuous plant — tote boxes (58).
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FIG. 15. Continuous plant — tote boxes — converyor system (22).

FIG. 16. Product overhead carrier (22).
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FIG. 17. Continuous plant — overhead product carrier (159).



FIG. 18. Batch plant — individual boxes — shield and labyrinth (26).

4.2.2. Electron & X-ray machines ( 249, 260)
Recently a new type of food irradiation system has become

available, which is particularly suited to high throughput
production lines where the total depth of product will not exceed
8 cm for a product having a density of 1. This system is based on
an ionizing energy field created by a beam of 10 \feV electrons,
produced by an electron accelerator (see figure 23). The beam can
be between 45 and 180 cm wide. One difference from a radionuclide
facility is that instead of a source plaque or cylinder being
raised or lowered, the machine beam is turned on and shut down
electronically. Another difference is that the dose rate
is much higher (by 2-4 orders of magnitude).
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FIG. 19. Batch plant — tote boxes — shield conveyor and labyrinth (58).



./
1. Cobalt 60 source
2. Container (storage + transport)
3. bd of the container
4. Source lifting system
5. Loads
6. Irradiation area
7. Labynnth
8. Lock chamber doors
9. Handling trolleys

10. Drag chain

FIG. 20. Batch plant — surface carrier (under carriage conveying) (27).
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FIG. 21. Dose penetration pattern — one sided and double sided irradiation (279).
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FIG. 22. Dose distribution in rectangular boxes (279).
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FIG. 23. Possible layout of 10 MeV electron accelerator (279).
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Conveyor
movement

FIG. 24. One sided exposure to electron beam (279).

Electrons

Dose

Product thickness

FIG. 25. Dose distribution — one sided exposure to electron beam (279).

The beam of electrons can penetrate e f f e c t i v e l y 3 - 4 cm
deep into a material having a density of 1 (see figures 24 and
25). Poultry parts or products are u s u a l l y packed in shallow
expanded p l a s t i c t r a y s (covered w i t h p l a s t i c film) which w i l l not
exceed 8 cm thickness, and t h e i r d e n s i t y is usually around one.
These products have to be conveyed twice through the beam - once
with the top upwards and then with the bottom upwards - to ensure
as uniform a dose d i s t r i b u t i o n as possible w i t h i n the box (see
figure 26).
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Dose

Electrons

Product thickness

FIG. 26. Dose distribution — double sided exposure to electron beam (279).

In a variant of such a f a c i l i t y the electrons, before being
emitted, impinge on a heavy metal target such as tungsten (see
figures 27 and 28), and are transformed, in part, into an
electromagnetic energy (X-rays), very similar in properties (such
as penetration) to those of the gamma rays from radionuclide
sources (see figure 29). The same precautions are taken with
respect to protection of personnel.

The effects of both gamma rays from Co 60 and electrons (or
X-rays) from accelerators are usually the same, provided the same
dose is absorbed. There may be some dose rate dependence in the
sensitivity of sane organoleptic or other properties to radiation
(392, 393, 406), and this should be investigated before
processing poultry products in such facilities.

4.3. Specific Preliminary Requirements for the Poultry to be
Irradiated (CM»)

4.3.1. Specific quality requirements

From the hygienic point of view, several factors influence
bacterial growth, particularly on chilled eviscerated carcasses.
As has been shown in section 3, the main factors are the number
and types of psychrotrophic spoilage organisms, present on
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FIG. 27. X-ray machine (279).
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FIG. 28. Electron to X-ray conversion (279).
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FIG. 29. Comparison of photon spectra of Co-60 and Cs-137 gamma rays and 5 MeV X-rays (279).

poultry carcasses immediately after processing, some of which are
resistant to irradiation. Tables IV - VI (305, 329) sunmarize the
relative resistance of the bacterial flora of chicken meat to
i r radiât ion.
The additional factors are:

(a) the storage time and temperature,
(b) the type of tissue (muscle or skin),
(c) the pH>
(d) the redox potential,
(e) the type of packaging and
(f) the presence or absence of oxygen (350).

Following irradiation and storage of poultry meat, particularly
in the refrigerated state, the radiation resistant psychrotrophic
bacteria become the primary flora causing spoilage.

The main spoilage microorganisms of refrigerated poultry meat
are Mo raxella-Acinetobacter, Pseudomonas, Aeromonas (53) and
Flavobacterium (20). Radiation resistant Moraxel la can be
regarded as the main spoilage causing microrgani sms of
irradiated chicken meat (221, 305, 350).
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In addition to the need for low i n i t i a l contamination of the
poultry meat (see section 4.3.2), there are essential
requirements to prevent secondary contamination (after
irradiation) and multiplication of residual microorganisms. These
needs can be met by proper packaging, and by constant
refrigeration of the irradiated poultry meat, respectively.

4.3.2 Pre-irradiation handling of poultry and poultry parts (GM?)

Relevant International Codes of Practice for Fresh (CAC/RCP
11-1976) or Frozen ïvfeats and Poultry (CAC/CRP 14-1976) and
Standards of Good Manufacturing Practice should be followed in
assuring the i n i t i a l quality of the fresh poultry during pre-
irradiation handling. This includes slaughtering of only healthy
birds, sanitary dressing operations, prompt and effective
reduction of product temperature to below 4°C, and where
appropriate, the same attention to hygienic precautions should
extend to cutting, trinming, deboning and mincing operations.
Products should be maintained at or below 4 C during storage.
During transport of the chilled product to another location, the
same low product temperatures should be maintained. In general,
measures should be taken at all times to minimize microbial
contamination and growth.

It is desirable that poultry to be frozen should be frozen
after the primary chill and not be subjected to unnecessary
storage prior to freezing. A final product temperature of below

o-18 C should be obtained and maintained.
Irradiation should not be used to replace good and proper

handling. Poultry and parts that have been handled differently
from above, especially those that have been held under
refrigeration for an unduly long time, should not be irradiated.
Irradiation does not effectively extend product shelf-life if the
i n i t i a l bacterial population is large.

Since there is no step in the production process that can be
relied upon to eliminate pathogens, their prevalence in raw

61



poultry meat is more likely to reflect their incidence in live
birds, prior to slaughter, rather than any slight failures to
adhere to the code of hygienic practice.

Microbiological guidelines for psychrotrophic bacteria and
indicator bacteria immediately after processing may be useful to
indicate if hygienic problems exist somewhere along the
processing line. Counts in excess of those normally found should
alert the processor to inspect the processing line more closely,
to locate and remedy problems, thus limiting contamination of the
freshly processed carcass.

A useful guideline included in the IGGFI Code of Good
Irradiation Practice for Prepackaged Mbat and Poultry (IOGFI
Document No. 4) (140), to determine if poultry has been processed
according to GMP, and is therefore acceptable for post slaughter
treatment such as irradiation, is a criterion for ARC (aerobic
plate count) at 20°C of n = 5, c = 3 , m = 5x10 /cm and

7 2M=10 /cm of skin area, (where n = the number of sample units to
be examined, c = the number of sample units with values between m
and M for the lot to be acceptable, m = the population at or
below which no concern is recognized, and M — the population
above which the lot is rejected) (412).

This guideline is achievable for raw poultry in modern
processing plants that follow good processing practices. It does
not apply to edible offals.

In the case of mechanically deboned poultry meat the French
regulations require an APC at 30 C below 10 /g before treatment
(432).

4.3.3. Packaging of chilled poultry

The size and shape of containers which may be used for
irradiation are determined in part by certain aspects of the
irradiation facility. The critical aspects include the
characteristics of product transport systems and of the
irradiation source (see chapter 4.2), as they relate to the dose
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distribution obtained within the container (see Para. 4.5.3 and
figure 22). The irradiation procedure will, therefore, be
facilitated if the product packages are geometrically well
defined, especially if they are flat-sided rather than round.
With certain irradiation facilities, it may be necessary to limit
use to particular package shapes and sizes.

Packaging should be done prior to irradiation. Generally, at
the doses considered in this monograph, commonly used packaging
materials specified in the US PDA regulations (see Table IX)
(153), and recommended by the Canadian EH/W (see Table X) (139),
are satisfactory. They should be functionally and adequately
protective. However, if irradiation significantly alters the
functional properties of a particular packaging material, or
results in the formation of toxic substances, which can be
transferred by contact to the foods, then this packaging material
cannot be used.

The nature of the material used for packaging freshly chilled
poultry is highly critical and is partly determined by what is
allowable for the particular product under local regulations.

For poultry, the colour change resulting from vacuum
packaging (where permitted) is less significant for marketing
than in beef, due to the normal pale color of the product.
Replacement of the air in the package with OCX or a gas mixture
(N- + CO»), in combination with irradiation, is capable of
extending the shelf-life.

In addition to properties related to its oxygen and carbon
dioxide permeabilities, a packaging material must act as a
moisture barrier to prevent drying of the poultry meat.

4.3.4. Packaging of frozen poultry

For freshly frozen poultry it is recommended (140) that the
packaging material be in contact with the product surface and the
package be as free as possible of voids or open spaces (such
spaces cause a form of desiccation known as "freezer burn").
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TABLE IX. FLEXIBLE PACKAGING MATERIALS APPROVED BY THE US FOOD AND DRUG
ADMINISTRATION FOR USE WITH THE PREPACKAGED FOODS TO BE PROCESSED BY
IONIZING RADIATION (153)

M a t e r i a l maximum dose of i o n i z i n g energy (kGy)

K r a f t paper 0 .5
G l a s s i n e paper 10.0
Wax-coated paperboard 10
N i t r o c e l l u l o s e - c o a t e d o r v i n y l i d e n e c h l o r i d e
copolymer-coated ce l lophane 10.0
P o l y o l e f i n f i l m ^ 10.0
P o l y e t h y l e n e t e r e p h t h a l a t e f i l m 10.0
P o l y s t y r e n e f i l m 10
Rubber h y d r o c h l o r i d e f i l m 10.0
V i n y l i d e n e c h l o r i d e - v i n y l c h l o r i d e bas i c
copolymer f i l m 10.0
Nylon 11 10.0
Vege tab le parchments 60.0
P o l y e t h y l e n e f i l m + 60.0
P o l y e t h y l e n e t e r e p h t h a l a t e f i l m 6 0
Nylon 6 f i l m 60 .0
Viny l c h l o r i d e - v i n y l a c e t a t e copolymer f i l m 60.0

The f o r m u l a t i o n approved for
approved for 10 k i l o g r a y s .

60 k i l o g r a y s d i f f e r s f r o m the one

TABLE X. PACKAGING MATERIALS GRANTED LETTER OF "NO OBJECTION" BY HEALTH AND
WELFARE CANADA FOR USE IN RADIATION PROCESSING OF FOOD (139)

Commercial
Designation

ED 100/8

Polystyrene
foam trays

Films:
SSD300,
SSDSOO
D 900

Bags: L 300,
L 500, L 600
E 300

Boxes
(contact,
no contact)

Composition

Polyolefin (high density)1

Polyolefin flow density)2

Polyolefin (low density)3

Styron 6S5D4

Polyethylene ethylene-
vinyl acetate coextruded

Polyethylene elhylene-
vinyl acetate coextruded

Fiberboard wax-coated
coated

Possible Uses

poultry, shrimp
meats

poultry parts,
meat patties,
fish fillets,
shrimps

overwrap for
tray packed
meats, fish
and poultry

poultry,
shrimps,
meats, fish

Fruits (contact)
poultry, shrimps,
meals(no contact)

Manufac-
turer

Winpak

Plastiques
Cascades
Inc.

Cryovac

Cryovac

CJP
Incorp.

Address and
Phone No.

100 Salteau Crts
Winnipeg, Canada

455 Marie- Victonn
C.P. 79
Kingsey Falls, Q.C.

W.R. Grac« Co. of
Canada
2365 Dixie Rd.
Mississauga, Ont.

W.R. Grace Co. of
Canada
2365 Dixie Rd.
Mississauga, Ont.

Market Development
Manager
Container Division
1170 Martin Grove
Road, Rexdale, Ont.

Da te of
Acceptance

June 30,
1989

June 30,
1989

July 20,
1988

July 20,
1988

June 30,
1989

I outer layer 2 middle layer 3 sealant layer 4 trademark of the Dow Chemical Company
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Packaging materials normally used for frozen poultry are
generally satisfactory (437), provided they have been specified
in the US FDA regulations.

4.3.5. Frei rradi at ion transport and storage conditions (fresh,
frozen) (CM*)

For freshly chilled poultry, the principal requirement for
pré- i rradiat ion storage is maintenance of product temperatures
below 4 C, without freezing. A second requirement is that the
storage period be short, preferably less than one day.

For frozen poultry, the relatively short duration frozen
storage (under normal commercial conditions) prior to irradiation
is not particularly critical. However, normally, freezing does
not provide an unlimited product life without loss of quality
and, therefore, the pré- i rradiat ion storage period for freshly
frozen poultry should be minimized.

4.4. Poultry Irradiât ion Requi renient s and Condi t ions (GvP & GRP)
(140)

4.4.1. Operational aspects

Guidance regarding certain irradiation treatment parameters
and irradiation facilities and their operation, are provided by
the Codex General Standard for Irradiated Foods (Vforld-wide
Standard) (143) (see also Annex IX), and by the Recommended
International Code of Practice for the Operation of Irradiation
Facilities Used for the Treatment of Foods (see also Annex IX)
(144).

In accordance with these documents, the ionizing radiation
which may be employed in irradiating poultry is limited to:

f\C\(a) Gamma rays from the radionuclides Co (or Cs) (see
para 4.2.1)
(b) X-rays generated from machine sources operated at

or below an energy level of 5 MbV (see para 4.2.2)
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(c) Electrons generated from machine sources operated at
or below an energy level of 10 MeV (see para 4.2.2).

The documents contain details of the facilities, such as
requirements regarding licensing and registration, design, (to
meet safety, efficacy and good hygienic practice codes),
personnel (proper training and competence), process control, and
inspect ion.

They also present technological requirements which respect,
foremost, the principle that irradiation of food is justified
only when it f u l f i l l s a technological need (as in the present
case of shelf life extention of freshly chilled poultry), or
where it serves a food hygiene purpose (as in the present case
of reduction in microbial load of freshly chilled or frozen
poult ry).

4.4.2. Control aspects

As regards plant control, in the particular case of poultry,
the following should be required:
I. In the case of a batch irradiation plant (radionuclJde) (see
section 4.2.1 and figures 18 - 20)
a) The source material and its activity must be specified and

recorded periodically (preferably monthly), to take into
account the regular decay (with Cobalt 60 - over 12% per
annum) or replenishments,

b) The source to target geometry should be specified and
recorded upon each change in the characteristics of the
product batch , such as: overall product density, shape of
product box and the proportion and dimensions of any
insulating material surrounding the product (to maintain the
temperature of chilled or frozen poultry),

c) The required time of exposure of each batch to the source
should be determined by calculation from preliminary or
commissioning dosimetry measurements (see section 4.5.3), and
should then be specified for each batch and recorded.
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d) There should be a positive indication of the correct
operational position of the source, as well as of the correct
safe position (when in storage); these positions should be
interlocked with the door or barrier mechanisms, for
safety reasons, while the correct operational position should
be interlocked with the product movement system.

II. In the case of of a continuous irradiation plant
(radionuclide) (see section 4.2.1) (see figures 11 - 17)
a) The same as in case I,
b) The same as in case I,
c) The time interval between introductions (or exits) of

consecutive boxes or carriers should be determined as above,
and should then be specified for a particular lot of equal
overall product density and equal proportions and dimensions
of insulating material, and be recorded continuously while
the plant is operating.

d) The same as in case I.

III. In the case of a continuous electron beam or X-ray plant
(see section 4.2.2 and figures 23 and 27)
a) The source parameters, i.e. beam voltage and intensity, beam

width, scan speed, and beam pulse frequency (where
applicable) must be specified, and be recorded continuously
while the plant is operating,

b) The beam to target geometry should be specified and recorded
upon each change of source parameters or product
characteri st ics,

c) The speed of the conveyor should be determined as in case I
and should then be specified and maintained for each uniform
lot, and be recorded continuously while the plant is
opérât ing,

d) There should be a position indication of the correct setting
(according to b and c) of all machine parameters and these
should be interlocked with the product conveyor,

67



e) The beam initiation must be interlocked with the door or
barrier systems, for safety reasons,

4.4.3. Treatment aspects

Good radiation processing practice requires optimization of
the dose uniformity ratio (maximum to minimum dose) during design
of the facility, assurance of appropriate dose rates, and, in the
particular case of poultry —whether chilled or frozen - proper
temperature control by appropriate air conditioning or
refrigeration of the irradiation chamber, or by appropriate
insulation of the product boxes (coupled, as far as possible,
with short duration retention in the irradiation chamber). Under
no circumstances should thawing of frozen poultry occur, and
preferably the temperature should not rise above -10 C (30).
Relevant GMP requirements, imposed by Health Authorities on
poultry processing plants, should be observed during both design
and operation of the irradiation plant (see Annex IX).

4.4.4. Identification aspects

Since it is not yet possible to positively and quantitatively
distinguish irradiated from unirradiated product by inspection
(see section 6), it is important that in the operation of an
irradiation facility, appropriate means, such as physical
barriers, be employed for keeping the outgoing irradiated and
incoming non-irradiated products separate.

It is also essential that adequate records of the
operation of the irradiation facility be kept. Poultry and
poultry parts that have been irradiated should be identified by
lot numbers or other suitable means. Such measures, to enable
verification of the irradiation treatment, are likely to be
required by government regulatory agencies. The hard cover record
book of the facility should show the nature and kind of the
product, its packaging dimensions and density, as well as its
identifying marks, and the date and time of treatment, together
with the proper dosimetric records.
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At the present time there are few conmercial ly available
devices which change colour, or which otherwise undergo some
visually determined and time-stable change, when exposed to
radiation at the relatively low doses required for poultry
radurization or radicidation. Such devices which are already
widely used for the high doses applied in the medical disposables
radiation sterilization industry, take the form of a paper
sticker (or equivalent), attached to each product unit, such as a
carton, and should become ccmmercialy available for lower doses
in the near future (38). They can assist the operator in
identifying irradiated product units. In those cases where the
frozen poultry is irradiated at the 7 kGy dose permitted in a
number of countries - see section 8 - the presently available
radiation sterilization colour-change stickers may be of some
use, if applied at the point of maximum dose.

4.5. Dosimetry and Process Control (GRP)

4.5.1. General

Of the irradiation process parameters, the most important is
the amount of energy imparted by ionizing radiation to the target
material. This is termed "absorbed dose". The unit of absorbed
dose is the gray (Gy). Units of kGy (equal to 1000 Gy) have been
used for poultry decontamination throughout this monograph. In
previous decades the terms rad and kilorad were employed. 1 kGy
equals 100 krad.
The dose employed is dependent on the purpose of the treatment

and the kind and number of microorganisms present.
The control of the irradiation process, so as to deliver a

prescribed dose, entails a number of important considerations,
among which is the technology for determining the dose, termed
"dosimetry". It is recommended that manuals on dosimetry
procedures (6, 186, 277, 279), as well as the relevant ASTM
standards (31 - 42) be consulted.

69



4.5.2. Effective and limiting dose values

The elimination of hannful microorganisms fron, or the
extension of shelf-life of, poultry requires a minimum absorbed
dose. For these applications, too high an absorbed dose may cause
undesirable effects or an impairment of the quality of the
poultry (see section 4.5.5), or its value might exceed that
permitted in the clearance (see section 8).

The design of the facility, the shape and apparent density
of the product box and the operational parameters have to take
into account such minimum and maximum dose values, as required by
this treatment. In the above applications it may be necessary to
aim for a maximum to minimum dose ratio range of 1.5:1 to 1.7:1,
although in some cases somewhat greater maximum to minimum dose
ratio may be allowed; this will be possible in cases where the
contamination is low and where the organoleptic quality
impairment threshold or the maximum dose permitted is relatively
high. "Whereas most of the poultry irradiation studies reported in
literature have employed specific values of dose, and whereas the
US PDA and the health authorities of the USSR have regulated
irradiated poultry in accordance with absolute maximum values,
the Codex General Standard (134, 144) and a number of national
clearances (see section 8) have adopted the concept of an overall
average dose (see Annex IX), which should not be exceeded.

According to the Codex General Standard, the concept of
maximum overall average dose, under acceptable wholesomeness
considerations, requires (because of the statistical distribution
of the dose in the product container) that a mass fraction of
product of at least 97.5% should receive an absorbed dose of less
than 15 kGy when the overall average dose is 10 kGy. This
principle could be extended to the case of freshly frozen
poultry, in those countries where an overall average dose concept
is applicable; this would imply that at least 97.5% of the
poultry should receive an absorbed dose of less than 10.5 fcGy
when the overall average dose permitted is 7 kGy (see Table XII).
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4 . 5 . 3 . Dosimetric commissioning or product c a l i b r a t i o n

Prior to the i r r a d i a t i o n of any foodstuff , cer ta in dosimetry

measurements should be made, to demonstrate that the process

s a t i s f i e s the regulatory requirements (245, 253, 259).
Various techniques of dosimetry per t inent to radionucl ide and

machine sources are a v a i l a b l e for measuring absorbed dose in a

q u a n t i t a t i v e manner (6, 186, 277, 279) (see also Table XI) (198).

Dosimetry commissioning measurements (see Annex IX) should be

made for each new product, packaging, and process and whenever

m o d i f i c a t i o n s are made w i t h regard to the source s trength or type

and to the source-product geometry.

These measurements w i l l e s t a b l i s h the overa l l minimum and

maximum doses or the o v e r a l l average dose a t t a i n a b l e under the

given or chosen i r r a d i a t i o n parameters which comprise: source to
target geometry, product and box shape and d e n s i t y , and time of
exposure in batch systems or time i n t e r v a l between boxes or

speed of conveyor in continuous p l a n t s (see para 4 . 2 . 1 and

f i g u r e s 21, 22, and 24 - 26) .

TABLE XL DOSIMETERS AND THEIR EFFECTIVE RANGES (198)

Dos imete r s E f f e c t i v e range, g r a y s

A l a n i n e 1x10° - lxl(>4
F e r r o u s s u l f a t e SxlC^ - 4x10
Fer rous s u l f a t e (F r i cke d o s i m e t e r ) 3x10 - 4x104
Super F r i c k e (oxygen s a t u r a t e d ) 3x10 - 2xlO„
Radiochromic dyes 5x10 - 1x10^
Photograph ic f i l m s 2x10" -1x10'
Thermoluminescence m a t e r i a l s ( c a l c i u m f l u o r i d e , . <-
l i t h i u m b o r a t e , l i t h i u m f l u o r i d e ) 2x10 _ - 1x10,.

G l a s s lxl°2 " lxl°v
E t h a n o l - c h l orebenzene lx lO_ — lx!0<-
F e r r o u s - c u p r i c 6x10 _ 8x10
High dose f e r r o u s - c u p r i c (6 t imes normal ^ (-
c o n c e n t r a t ion) 8x10 - 8x10
Cer ic s u l f a t e Ixl0 x - 2xl05
P o t t a s s i u m d i c h r o m a t e 1x10., - lxlO„
O x a l i c a c i d 7xl°3 " 5xl°7
P o l y m e t h y l m e t h a c r y l a t e Perspex HX lxl°3 " lxl°6

Red pespex 1x10,. - 5x10
P o l y v i n y l c h l o r i d e f i l m s 5x10 - lxlO„
Blue c e l l o p h a n e 5x103 - 1x10
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Normally, the maximum dose absorbed will be at certain sites
on the perimeter of the box (see figure 22), and the minimum dose
at certain sites close to the center of the product box. Due to
the heterogenicity of the product in the boxes, particularly in
the case of whole eviscerated poultry carcasses, the point of
minimum dose can be quite elusive, and since it is critical from
the view point of hygienic safety, particular attention should be
afforded to its measurement and location. At the same time, a
more convenient and accessible "reference" position should be
located and the dose measured there. This position will be very
useful for routine dosimetry (see section 4.5.4).

The overall average absorbed dose as defined by Codex (see
Annex IX) can be determined directly for homogeneous products, or
for bulk goods of homogeneous bulk density, by distributing an
adequate number of dosimeters strategically and at random,
throughout the volume of the goods. From the dose distribution,
determined in this manner, an average can be calculated which is
the overall average absorbed dose.

If the shape of the dose distribution curve through the
product is well determined, the positions of minimum and maximum
dose will be known. Measurements of the distribution of dose in
these two positions, in a series of units of the product, can be
used to give an estimate of the overall average dose. In some
cases the mean value of the average values of the minimum (Cmin)
and maximum (Dnax) dose will be a good estimate of the overall
average dose.

TU * • t_ 11 i /vy Emax + Dmi ninereiore in these cases: overall average dose /^——————————

4.5.4. Routine dosimetry

Routine dosimetry must be performed in the course of facility
operation. The dose can be measured in the "reference" positions
(see section 4.5.3) if the positions of minimun or maximum dose
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are not accessible (see also Annex IX). This will be particularly
true in the case of tote boxes with insulated walls, into which
product boxes have been placed. The association .between the dose
in the "reference" position and the overall average dose, or the
maximum or minimum dose where it is so regulated, must be well
defined and known. These measurements should be used to ensure
the correct operation of the process. A recognized and calibrated
system of dosimetry should be used [see table X (198) and ASTM
guidelines (30)].

A complete record of all dosimetry measurements, including
calibrations of the dosimeters, must be kept. In addition,
regular measurements of f a c i l i t y parameters (in the case of
accelerators, governing the process, such as transport speed or
dwell time, source exposure time, machine beam parameters, can be
used as supporting evidence that the process satisfies the
regulatory requirements (34, 143, 144).

4.5.5. Recommended dose limit

4.5.5.1. Freshly chilled poultry and parts

The minimum absorbed dose, which produces shelf-life
extension of freshly chilled poultry and parts, ranges from 1 to
2.50 kGy. (see Annex VII) In general, the smallest absorbed dose
that is deemed effective under appropriate local conditions
should be used.

Too large an absorbed dose may cause the formation of an "off
flavor" in the poultry. This can occur above 2.50 kGy (371) or
not until above 3.8 kGy (97). The sensitivity to this "off
flavor" formation varies with the source and species of the
poultry. However it may also depend very much on temperature,
gaseous environment, type of part or organ (97), and other
factors. The above mentioned thresholds should therefore be
considered as indicative only. In addition, large absorbed doses
may cause color change in some poultry. Care must, therefore,
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be taken on dose uniformity of poultry products treated in
certain size and shapes of containers and by certain types of
irradiators. The minimum absorbed dose should be sufficient to
achieve the technological purpose and the maximum should not
exceed the tolerance limit of the product.

4.5.5.2. Freshly frozen poultry and parts
The minimum absorbed dose required to reduce the number of

pathogenic bacteria present in freshly frozen poultry and parts,
including Salmonclla, Campylobacter (239, Ye r s i n i a (122),
Escherichia col i, Staphlylococcus and L i s t e r i a (57, 187), to
levels commensurate with product safety for consumption, depends
upon the initial level of contamination and the radiation
s e n s i t i v i t y of the bacteria present. A precise absorbed dose,
therefore, cannot be given without knowing the specific
conditions that exist. It is recommended therefore, that the
absorbed dose be determined for the conditions that exist locally
(140, 222). Experience, obtained up to the present, suggests that
minimum doses in the range of 3-5 kGy (243) should be adequate
for poultry irradiated in the frozen state. In this product, the
maximum overall average dose recommended by Codex and permitted
by some countries is 7 kGy (see section 8). The threshold of "off
flavour" formation is higher than in the case of freshly chilled
poultry, and may vary with source and species of the poultry as
well as with other parameters. It must be determined locally in
order to establish the permissible maximum to minimum dose
rat io.

4.6. Post-Irradiation Handling and Storage Conditions

4.6.1. Freshly chilled poultry and poultry parts
The product temperature should be above that which results in

freezing, but should not exceed 4 C.
Care should be exercised not to exceed the period of shelf -

life extension which has been established for the product.
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Attention should be given to all aspects of product deterioration
not associated with microbial content, e.g., pigment changes and
lipid oxidation (which may affect flavour). \Miere
vacuum-packaging or oxygen-free atmosphere is employed,
particular care must be taken to ensure that the storage
temperature does not exceed 3 C, to prevent abuse of the
product.

4.6.2. Freshly frozen poultry and poultry parts
No changes in post -irradiation handling from the usual

handling of frozen products are required. The temperature should
be lowered immediately to -18 C and maintained thereafter.

4.7. End Product Specification

4.7.1 Freshly chilled poultry irradiated for pathogen control and
for product shel f - l i f e extension
In terms of this monograph, the associated specification is the

_ 2total bacterial count (ŒU of bacteria per cm surface for whole
carcasses or per 1 gram for further processed products). This
count, other that it be "small", cannot be specified unless the
requirements of the local conditions are known. Therefore, the
final product specification, regarding t o t a l bacterial count,
should be determined locally. The i r r a d i a t i o n process makes it
possible to specify practical freedom of Salmonelia,
Campylobacter and Li steria for the end product.
4.7.2. Frozen poultry irradiated for pathogen control

The load of pathogenic microorganisms in radiation treated
poultry is related directly to their number prior to the
irradiation process and inversely to the dose of irradiation
employed, and the specific sensitivity of the particular pathogen
present in the product. The ir r a d i a t i o n process makes it
possible to specify practical freedom from SalmonelI a,
Campylobacter and L t s t er i a for the end product.

In the case of mechanically deboned poultry meat the French
0 4regulations require an APC at 30 C below 10 /g (432).
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5. SPECIFIC LABELLING REQUIREMENTS

Current regulations in different countries have specified
somewhat differing labelling requirements (248). Thus, for
instance, the words "irradiated" or "treated by radiation" have
been replaced in France by "ionized" or "treated by ionization".
Indeed, the Codex Committee for Labelling of Prepackaged Foods
(CCFL) has accepted the fact that language and other national
requirements may cause differences in the exact wording used to
describe the treatment. In most regulations, however, with few
exceptions (such as in South Africa), a phrase describing the
treatment is accepted as compulsory, in close proximity to the
name of a product. Many regulations allow or require the
addition of the green logo, which is internationally recognized,
and 5s increasingly being accepted as an indication of the
treatment ( see figure 30) (154).
The current recommendation of the Codex Alimentarius Cormission
is as fol 1ows:

5.2 Irradiated Foods (145)

5.2.1 The label of a food which has been treated with ionizing
radiation shall carry a written statement indicating
that treatment in close proximity to the name of the
food. The use of the international food irradiation

FIG. 30. Food irradiation logo (429).
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symbol, as shown below (see fig. 30), is optional, but
when it is used, it shall be in close proximity to the
name of the food.

5.2.2 Wien an irradiated product is used as an ingredient in
another food, this shall be so declared in the l i s t of
ingredi ent s.

5.2.3 >Mien a single ingredient product is prepared from a raw
material which has been irradiated, the label of the
product shall contain a statement indicating the
treatment.

Section 5.2.1. has been forwarded to the CAC for adoption at step
8.

This text raises a question with regard to section 4.2.1.3 of
the Codex General Labelling Standard which, as written, excludes
the necessity to declare components of composite ingredients, if
the composite ingredient, for which a name has been established
is present in the food at less than 25%. The Codex Alimentarius
Commission has decided to leave 4.2.1.3 as is (145).

The ICGFI has suggested in the past several terms for the
labelling of irradiated chicken: "Treated to extend shelf life"
or "Treated to ensure hygienic quality."

6. METHODS OF DETECTION OF IRRADIATION TREATMENT

6.1. General

As described in Annex VIII, radiation processing of food is
a physical process, in which energy is imparted to matter in a
specific manner. In contrast to the most common process of
heating, the per quantum or per particle energy is high enough to
cleave molecules into electrically charged fragments, hence the
name ionizing radiation.
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The transfer of energy may cause changes in the molecules
making up the food item. Many of the primary chemical
species are free radicals which are very reactive and may lead to
a chain of subsequent reactions (286). The amount of energy
transferred is rather small compared to heating. The difficulties
involved in the identification of irradiated food are due to
these particular facts.

Decades of research revealed that the majority of all
radiation chemical reactions lead only to chemical species which
were already present in the food before irradiation, or are also
formed by other processes. Under such circumstances,
identification has to rely on the relative concentrations of
several chemical species and is therefore not infallible. Two
international conferences convened by the Commission of the
European Community failed to find a solution to the problem (2,
5).

However, chemical and analytical ability and sensitivity have
been enhanced since that coordinated international effort on
identification methods, and there are some experts s t i l l
searching for unique radiolytic products (URP's) which, if
demonstrated to survive various storage conditions, could give
reliable proof of radiation processing. The /EMIT (Analytical
Detection Methods for Irradiation Treatment of Foods) program
initiated in 1990 by FAO/ IAEA, and the parallel program started
by the Bureau of Reference of the European Community, could be of
considerable value.

The identification procedure must not only take account of
changes resulting from irradiation; it is also necessary to
compare all changes which are likely to occur in food from
different origins, or which are caused by usual processing
methods. It might be that conventional processing methods result
in the same chemical compounds, at a yield comparable to that of
radiation processing; or it might be that further processing
after irradiation reduces the specific compounds formed and makes
identification more difficult or even impossible. Seasonal and
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regional influences must not be overlooked for foods of animal
origin. Expert evidence before a court is very sensitive to
details which are not known before the case is tried. The
availability of reference samples of identical origin, but
certified as not being irradiated, is in many cases
indispensable; however, such samples are very unlikely to be
available.

A number of reviews on the identification of irradiated foods
can be consulted (100, 101, 105, 108, 116, 120, 160, 176, 177,
178, 179, 194, 214 236, 286, 299, 354, 373, 382, 402).

The four most recent reviews have considered developments of
the past decade (69, 100, 101, 180), and have examined a range
of suggested methods for identification of irradiated meats.

A list of analytical methods tested tor their potential with
regard to identification of poultry is presented in Annex X and
Annex XI, while several of the methods are discussed briefly
below.

6.2. Electrophoresi s

Electrophoresis, applied to detect change in the protein
charge, showed some promise in beef (403). Disc electrophoresis
of chicken meat showed practically no changes up to 5 kGy (1,
214). Although it was claimed that the elect rophore t ic effects
were distinct at higher dose levels, it seems doubtful that
radiation treatment could be detected in the absence of an
unirradiated control sample.

6.3 Reactive Substances

It has been reported that new free ninhydrin-react ive
substances are formed upon irradiation of fresh chicken and that
these can be detected by ion-exchange column chroma tography and
by high-voltage electrophoresis. However, this was observed when
irradiation was carried out at room temperature and in the
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presence of oxygen, and the radiation-induced compounds were only
measurable at doses higher than 5 kGy (327).

Subsequent experiments indicated that in the case of poultry,
a new substance was derived from the dipeptides anserine and
carnosine. However, irradiation was carried out as before, at
room temperature in the presence of oxygen (328). It remains to
be seen whether changes in the conditions of irradiation would
s t i l l give the same results.
6.4. Gel Filtration and other Techniques

Little success has been reported with methods employing gel
filtration (333) or looking into changes in SH groups (44, 367,
368, 369), or changes in enzyme activities (100).

Early attempts to use thiamine as an indicator of irradiation
showed that a relatively low dose of radiation (less than 6 kGy),
at a sub-freezing temperature, would not be expected to produce
easily measurable changes in vitamin content, unless a control
sample were available (390, 439). A more recent study on chicken
breasts up to 6.65 kGy showed no significant changes in thiamin
values that could be used for identification. The same was true
for riboflavin and niacin (158).

6.5. Thermal analysis

Differential scanning calorimetry (DSC) has been tested in
the case of irradiated chicken (344), observing a difference in
the transition temperature of water, caused by the irradiation of
chilled meat. Similar results have been obtained in cod (211)
but more studies are required to give a better understanding of
the method and to establish specificity of the effect.

6.6. Chemiluminescence

Chemiluminescence gave some doubtful results when deep frozen
chicken was irradiated with exaggerately high doses (10 kGy) (67,
181) in the case of cartilage only (no results from meat or
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bone). In the case of dry soup containing chicken some promise
was shown (128).

6.7 Base damage in DNA

Estimation of radiation induced thymine glycol by fluorescence
measurements was reported for chicken (330, 331) but the data
presented did not include irradiation conditions nor s t a t i s t i c a l
data. Attempts to reproduce these results were unsuccessful since
similar or even higher values were obtained in unirradiated
samples (102, 348). Results of post-labelling assay of DNA to
detect not only thymine, but also influence on other bases on
chicken samples appear promising (184) but the influence of other
treatments and parameters has to be assesed.

6.8. DNA Strand Breakage

In an earlier study, nucleic acids in irradiated chicken were
separated chromatographical ly by the M<\K (methylated beef serum
albumin) procedure and DMA. was separated by alkaline sucrose
gradient centrifugation (1). It was claimed that strand breakage
in DNA in poultry could be identified below 5 kGy. Since storage
time greatly influenced the results, their practical value
remained unassessed. Improvement s in the experimental technique
(84) have been applied, but were found to be strongly influenced
by heating or by freezing or freeze - thawing cycles.

More recently, flow cytometry has been proposed as a detection
method for radiât ion-induced changes in DNA in chicken, coupled
with fluorescent dyes specific for the double strand regions
(359). Due to rapid progress in molecular biology and related
fields, methods to analyze nucleic acids are gaining sensitivity.
This indicates that, if specific changes in DNA occur due to
radiation, an analytical detection procedure could be developed
in the future, but it would require highly skilled personnel.
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6.9. L i p i d - der ived v o l a t i l e s

As ea r l y as 1970 it was found t h a t doses in the range of

r a d a p p e r t i z a t i o n (60 kGy) of meat would produce hydrocarbons as
a r e s u l t of cleavage of l i p i d s near the e s t e r carbonyl group,

fo l lowed by uptake or loss of hydrogen (313). A method for

i d e n t i f i c a t i o n of i r r a d i a t e d food based on a n a l y s i s of l i p i d

der ived v o l a t i l e s was t h e r e f o r e proposed in 1988 (319). However
v o l a t i l e s are a lso formed upon au toox ida t ion (315, 319) but the
q u a n t i t a t i v e d i s t r i b u t i o n of products i s d i f f e r e n t . Of p a r t i c u l a r
interest could be 2-alkylcyclo-butanones found in irradiated
triglycérides (264) but not in heated or oxidized fats (318). Studies
in this direction have permitted detection of hydrocarbons and
aldehydes in irradiated chicken meat, using on line coupled LC-GC
(282). More detailed informat ion on th is LC-GC coupling has been
published (60, 283). Applicat ion of mass spectrometry to analysis of

l ipid derived products has been reported for irradiated chicken (60).,
and so has coupling of MS with GC (365) for identif icat ion of
2-dodecyl cyclobutanone. Fur ther promise in applying this technique
has been observed in a number of addil ional studies (68, 335, 401).

6.10. O-tyrosine

Irradiat ion of pheny la lan ine or pheny la lan ine -con ta imng proteins

gives rise to the formation of o-, m- and p-tyrosines, the two former
being pract ical ly absent in na tura l proteins (109, 110, 352, 355).
These products, therefore, were thought to be URP's and the presence
of o- and m-tyrosines could thus function as an indicator for
radiat ion processing. Later studies, however, showed that it was not

tha t simple, because minute amounts of o- and m-tyrosines were also
found in unirradiated meat (23, 441). Since o-tyrosine is only found

in the f l u id and not in the fiber of the meat, its radiation-induced
format ion in the meat f ibe r can be used for detection. New experiments

with chicken (208, 209, 210) showed the following results: at 1 kGy,
o-Tyr = 0.52 ppm in the water insoluble fract ion (WIF), well above the
detection l i m i t of 0.05 ppm. Increase of - o-Tyr in the WIF with
i r rad ia t ion dose is linear, o-Tyr = 5.75+1.97 ppm/10 kGy at 20° C (see
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FIG. 31. Yield of tyrosine in irradiated chicken as a function of irradiation dose (208, 209).

figure 31). Unexpectedly, i t was found t h a t t r e a t m e n t of m e a t w i th
CCl^ also generates o-Tyr, even in the absence of i r radia t ion , which

may be an e x p l a n a t i o n of the o-Tyr in non i r rad ia tcd samples. Fu r the r
e x p e r i m e n t s should show how (he me thod f u n c t i o n s under d i f f e r en t

i r rad ia t ion condit ions (dose, dose-rate, i r r ad i a t i on t empera tu re and

atmosphere) and storage conditions (23).

Of course, not only i r rad ia t ion products of p h e n y l a l a n i n e could serve
a s an indicator; changes in other a m i n o acids l ike
t ryptophan or t y ros ine , on i r r a d i a t ion might a l so generate l i k e l y

candidates (111, 208).

In another se r ies of s tud ies o - t y r o s i n e could be ana lysed in

i r r a d i a t e d chicken meat by us ing h igh - performance l i q u i d

chroma tography coupled to f luorescence detection (280, 281,
282, 283). It was claimed t h a t the method is simpler than the
gas Chromatographie, is f a s t and uses inexpens ive equipment .

Their claimed detection l i m i t is 0.01 ppm; they obtained a l inear

increase of o - ty ros ine w i t h the dose, at a y i e l d of 0.5 ppm for

10 kGy. However t h e i r r e s u l t s are not always cons is ten t and they
also observed a possible formation of o- tyros ine in un i r r ad ia t ed

chicken stored at 5 C. This was confi rmed in another study (175)
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showing rather high levels of o-tyrosine in unirradiated samples
of chicken. Others observed o-tyrosine formation by UV treatment
(176). Additional controversial results have been reported (101),
leading to the conclusion that, before making a final statement
on the suitablity of this method, much more study is required.

Other controversial results concern the successful
identification of irradiated chicken, using the HPLC method
(284), as opposed to difficulties experienced when the GC-MS/SIM
technique was applied (60, 388). In addition, the radiation
induced formation of o-tyrosine from phenylalanine was found to
be dependent on a number of parameters, such as availability of
Ou, temperature and dose rate (359). Furthermore, some results
indicate that o-tyrosine could be formed at a number of points
during the analytical procedure, rendering it inadequate as a
marker for radiation exposure at commercially usable dose levels
(103).

6.11. ESR Measurements

Results of electron spin resonance (ESR) measurements of
irradiated chicken bone seem highly promising (106, 112, 113,
114, 165, 167, 262, 280, 361, 363, 364, 370), several authors
claiming a detection limit of 0.2 kGy or even 0.1 (106) and 0.05
kGy (262). Samples irradiated at doses of 4-10 kGy could easily
be distinguished from the unirradiated controls in a blind trial,
even after 3 weeks of storage. Two studies report similar
responses in bone of irradiated duck, goose and turkey (114,
262) while yet another obtained signals from bone fragments
separated from mechanically deboned irradiated turkey meat
(166). Some researchers have observed an ESR signal from chicken
bone in non-irradiated sample (106, 361, 363), while others have
not (113, 262). Further experiments will show if these methods
can justify present favourable expectations.

The ESR signal in 10 MsV electron irradiated chicken bones
(at a dose of 10 kGy) was not removed on heating in an oven for 2
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FIG. 32. ESR spectra of cooked chicken bones (373).

hours at 200 C (to simulate roasting). Unirradiated bone did not
produce a signal after similar treatment. Typical spectra are
shown in fig. 32 (373).

In attempts to improve the ESR method for detection of
irradiated chicken bone, tests have demonstrated that freeze
drying and grinding was the preferred method (out of 6 tested) of
sample preparation (363). Thus prepared samples of chicken
drumsticks, irradiated at doses of 2.5-10.0 kGy at room
temperature, and stored at -20°C or 5°C for up to 4 weeks, showed
that the ESR signal strength increased with dose but decreased
with storage time, particularly at the higher temperature. This
interaction was no longer significant when the ESR signal was
corrected to a standard P or Ca concentration. In a similar
study, with broilers aged between 4 and 8 weeks, stronger signals
were obtained from older chickens in good correlation with the
crystallinity coefficient, which also increased (166, 167).
Similar results were obtained in another study (361), in which a
linear relationship between spin concentration and dose was found
in the range 1 - 1 0 kGy; the slope of this relationship increased
linearly with age (166).
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The ESR method of identifying irradiated foods is not
time-consuming. The principal item of equipment is the expensive
ESR spectrometer. Further work is needed to extend the technique
to other poultry species where it might be appropriate (turkey,
etc), and to attempt to put it on a quantitative basis (373). The
cost of ESR measurement of irradiated samples has been estimated
to be within 13f- 20£per test (374).

6.12. Conclusion

It can be concluded that the ESR method for poultry bones and
the ortho-tyrosine method for chicken, might evolve into proper
identification methods in the near future, as a result of
collaborative trials started in the last 2-3 years in Europe.
Some promise is also shown by the method of 1ipid-derived
volatiles in chicken.

7. WHOLESOMENESS OF IRRADIATED POULTRY (247, 438)

7.1. JECFI Nfceting of 1976 (412, 413)

7.1.1. General

The Joint PAO/IAEA/WK) Expert Committee on the \Miolesomeness
of Irradiated Food, at its 1976 meeting in Geneva, considered the
wholescmeness data relevant to eviscerated chicken that had been
irradiated up to doses of the order of 7 kGy (700 kRad), either for
reduction of microbial spoilage and prolongation of storage life or
for reduction of the number of pathogenic microorganisms. Their
conclusions were borne out by later studies, which are also
considered below.

7.1.2. Microbiological Safety

The first aspects considered were microbiological.
Consideration of early data (1963 - 1973) indicated that doses of
2-5 kGy (200-500 kRad) would reduce:
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a. The numbers of salmonellae and of other pathogens by 4 to
7 logs

b. Those of Clostridia by 1 to 2 logs,
c. Those of Achromobacter.
d. Those of faecal streptococci to a few survivors,
e. Those of Pseudomonas to almost nil

(182, 265, 271, 301, 396).
No occurrences of unusual pathogens had been reported, so that

the overall result was considered to be a marked improvement in
microbiological status related to food poisoning.

Foods that have been treated with quantities of ionizing energy
up to 10 kilogray are not sterile, and dependence must be placed
upon other methods of preservation to prevent multiplication of
surviving microorganisms. Where there are surviving
microorganisms, investigations have been concerned about the
possibility of (1) development of resistance to ionizing energy in
the surviving organisms, (2) increased virulence of pathogens, (3)
unusual spoilage characteristics due to changes in the normal
flora, and (4) changes in physiological characteristics that would
make it difficult to identify the organisms. To date, however,
there is no evidence to indicate that any of these possibilities
are valid. As far as is known, therefore, none of these four
possibilities present a risk to the consumer (190, 272, 412, 418).

No microbiological problems were considered to arise in the
case of storage of irradiated frozen chicken (182). In the case of
storage of chilled chicken, Pseudomonas developed predominantly at
the lower doses and lower storage temperatures, whereas
Achrotnobacter developed at higher doses and higher storage
temperatures. It was considered that no special problems were
likely to arise because of their similarity to the normal spoilage
flora. As regards the Mbraxel la organisms (within the
Achromobacter group) found in the case of irradiated chilled
chickens, they were found to be prevalent in considerable numbers
on normal chickens, and were supposed to be of no special
significance (204). In order to prevent multiplication of eventual
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survivors of the Salmonella group, a temperature not exceeding
5-6 C had been recommended (270, 294), and to protect against
surviving spores of mesophilic Clostridia, (such as C.. botul inutn
types A and B) a storage temperature below 10 C was considered to be
sufficient (270).

Accordingly, it was concluded that there are no microbiological
safety problems with moist foods such as fresh poultry that has
been treated with medium doses (up to 10 küogray) of ionizing
energy, as long as it is stored and distributed near the
temperature of ice (2 to 5 C) according to good manufacturing
practice. (142)

It is considered that in the unlikely occurrence of
contamination of fresh poultry with Clostridium botul inutn type E,
the product would be safe at a practical commercial dose treatment
of up to 3 kilograys (as permitted by the US PDA) (155). The
surviving members of the natural microflora would be able to
multiply at 10 C, and would produce spoilage odours within 8 days,
whereas the Clostridium botul inum type E survivors could not
produce toxin within 14 days. At higher temperatures, even ato30 C, the other surviving microflora would grow and produce
spoilage before Clostridium botulinutn type E toxin would be
produced (156). This spoilage would be an adequate warning
indicator to prevent consumption of this product (438). However,
international (140) and national (30) guidelines recommend that
radurized chicken meat should be kept at temperatures not
exceeding 4°C.

7>1.3. Nutritional considerations

The next aspects considered were nutritional, the 1976 JEGFI
finding that in chickens irradiated at doses of 3 or 6 kGy (300-600
kRad) the only effects noted (in comprehensive investigations
relating to the composition and nutritive value) were elevated
peroxide values of the fat (96). In a later study, however,
thi ami ne losses were observed after 1 day at 0°C (around 34% after
1.5-4 kGy) when compared to control values, and after 35 days
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storage the losses had increased by another 51-52% in comparison to
those of the first day. Lower losses were observed in frozen
chicken stored at -18°C (initial losses 9-22% at 1.5-4 kGy, and
after 3 months 27-36% at 1.5 - 4 kGy compared to 7% in controls)
(383). Thus, thiamine losses in chicken meat appeared to be
dependent on irradiation dose, storage time and storage
temperature.

7.1.4. Toxicological considerations - short term studies

The final aspects considered were toxicological (91, 98).
In a short term study with rats (derived from a l i t t e r of a

reproduction study with irradiated chicken) fed for 90 days a diet
incorporating 35% air dried chicken, irradiated at 3 or 6 kGy or
not irradiated, as well as a stock diet, neither deaths nor any
abnormalities of appearance of behaviour were observed. The
average body weights of the test groups exceeded that of the
controls, and food consumption was greater. There were no
significant changes either in haematological or blood serum
parameters or in urine analysis results, attributable to the
feeding of irradiated chicken (97); the same was true for organ
weights, and for gross and histopathological examination,
attributable to the feeding of irradiated chicken. Similar results
were obtained in another short term study with young beagles, fed
for one year similar diets (35% chicken dry weight, irradiated at 3
or 6 kGy). In this case, however, there were no distinctions in
body weight (397). Clinical chemistry values of test and control
groups were comparable as well, but enzyme levels varied widely.

7.1.5. Toxicological considerations - long term studies

In two long term studies, one with mice fed for 80 weeks with
diets containing 50% cooked chicken (at 0 and 7 kGy) and the other
with rats fed for 2 years with diets containing 35% (dry weight) of
cooked chicken (at 0, 3 or 6 kGy), there were no deleterious
effects or induced neoplasms or differences in tumour incidence
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(mice fed a diet containing 0.03% 2-acetamidofluorene showed a high
incidence of hepatomas or carcinomas of the bladder) (332).

A reproduction study with rats fed the same diets for 4
generations (mating within the diet group) revealed no
abnormalities in appearance and behaviour, low mortality being
observed in all parent generations, increased weight gain in the
test rats, equal f e r t i l i t y , equal résorption quotients and no
effects on l i t t e r size, birth weights and other l i t t e r parameters
(97).

In a human volunteers' (young adult males) study, fed for 15
days a diet in which 80% of the calories were derived from
irradiated foods, using chicken at doses of 25 or 40 kGy, stored
at room temperature for 3 months, and thereafter fed for 15 more
days a control diet, and vice versa, no clinical abnormalities
related to ingestion of irradiated food were observed (61).

These data enabled recomnendations of clearance of irradiated
chicken by JECFI as well as by a number of health authorities in
different countries (see Table XII).

TABLE Xn, CLEARANCES OF POULTRY MEAT TREATED BY IONIZING RADIATION
(updated 1992.11.26) (138)

COUNTRY

BANGLADESH
BRAZIL
CHILE
FRANCE

FRANCE
HUNGARY
ISRAEL
ISRAEL
MEXICO
NETHERLANDS
SOUTH AFRICA
SYRIA
THAILAND
UNITED KINGDOM
USA
USA
USA
YUGOSLAVIA

PRODUCT NAHE

CHICKEN
POULTRY
CHICKEN
MECHANICALLY OEBONED POULTRY
MEAT
POULTRY
FROZEN CHICKEN
POULTRY MEAT
POULTRY SECTIONS
EGG POWER
POULTRY MEAT
CHICKEN
CHICKEN
CHICKEN'
POULTRY
POULTRY MEAT (FRESH)
MECHANICALLY SEPARATED POULTRY
FROZEN POULTRY MEAT
POULTRY MEAT

TYPE OF
CLEARANCE

UNCONDITIONAL
UNCONDITIONAL
UNCONDITIONAL
UNCONDITIONAL

UNCONDITIONAL
CONDITIONAL
UNCONDITIONAL
UNCONDITIONAL
UNCONDITIONAL
UNCONDITIONAL
UNCONDITONAL
UNCONDITIONAL
UNCONDITIONAL
UNCONDITIONAL
UNCONDITIONAL
UNCONDITIONAL
UNCONDITIONAL
UNCONDITIONAL

DATE OF
CLEARANCE

83.12.28
85.03.07
82.12.29
85.03.23

90.09.01
83.10.03
87.02.17
87.02.17
88.01.01
9Z.04.02
78.08.25
86.08.02
86.12.04
91.01.01
92.09.21
92.09.21
92.09.21
84.12.17

DOSE [kGy]
MIN. MAX.

7.00
7.00
7.00
5.00

5.00
4.00
7.00
7.00

7.000 10.00
7.00

1.000 4.00
7.00
7.00
7.00

1.500 3.00
1.500 3.00
1.500 3.00

10.00

NOTE

OVERALL AVERAGE
OVERALL AVERAGE
OVERALL AVERAGE

OVERALL AVERAGE
OVERALL AVERAGE

AVER., NOT A8V. 150X

OVERALL AVERAGE
OVERALL AVERAGE
OVERALL AVERAGE

OVERALL AVERAGE
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US PDA evaluation of both long and short term feeding studies
showed that th. ree of the studies (91, 97, 397) appeared to be of
high quality and were well conducted (155). Even the possibility
that addition of ethoxyquin (an antioxidant added to inhibit
rancidity in the diet) could have decreased the ability to show a
carcinogenic effect was found not applicable since the level used
(35 ppm) was much lower than the level shown to inhibit chemical
carcinogenesis (10,000 ppm). The possibility that it could have
altered the level and kind of radiolytir compounds was also
eliminated since the ethoxyquin had been added after irradiation.
PDA analysis of the fourth report (332) lead to the conclusion
that it did not raise a concern regarding carcinogenicity of
irradiated chicken in mice. However, because of the deficiencies
in the data it was not relied upon as a primary basis for
evaluating the safety of irradiated poultry (155).

7.2. The U.S. Army \Vholesomeness Studies on Radappertized Chicken

7.2.1. The "Raltech" Study

In Nfay 1976, the U.S. Army Mbdical Department awarded a
contract to Raltech Scientific Services to conduct the animal
feeding, mutagenesis, and teratogenesis parts of a study of the
wholesomeness of chicken meat, processed with ionizing energy. This
was to become the world's most comprehensive, expensive ($8
million) and lengthy (7 years) investigation of the wholesomeness
of any food that had been treated with ionizing energy. During the
course of this study "Raltech" submitted 9 reports to the Army and
4 reports to the Department of Agriculture (136-137, 146-148,
154-156). These and the supporting quarterly reports total
approximately 35,000 pages. Eight reports by the Army, the
Department of Agriculture, and the Federation of American Societies
for Experimental Biology plus nisnerous other publications were also
produced in connect ion wit h the study.

The Army conducted in its own laboratories those portions of the
study concerned with induced radioactivity, radiolytic products,
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and radiât ion-induced antivitamin activity. The enzymatic
inactivated (precooked) chicken (134 tons produced from 230,000
broilers) was exposed to an average dose of 58 kGy of ionizing
energy from cobalt-60 or accelerated electrons.

Subjects treated in one or more of a total of 20 separate
research projects included investigations of the possible effects
of the use of ionizing energy for sterilizing chicken meat on the
nutritional quality, teratogenicity (promotion of birth defects),
toxicity, carcinogenicity (promotion of cancers), reproductive
performance, and genetic toxicity (promotion of mutations) of the
product.

Five diets were used in these studies (436, 437): a 100%
rodent or dog chow diet, as the negative or husbandry control (diet
N), which also served as the carrier for the chicken meat in the
four diets, frozen chicken with no ionizing energy treatment (diet
F) and thermally sterilized canned chicken (diet T) as positive
controls, and chicken sterilized with ionizing energy in the forms
of accelerated electrons and gamma rays (diets E and G). Diets F,
T, E, and G each contained 35% chicken meat and 65% Diet N.

7.2.2. Nutritional studies

In the nutrition studies two aspects were considered:
(1) evaluation of protein efficiency ratios for the five diets
using casein as the reference standard and
(2) evaluation of the diets for possible antivitamin B-l and B-6
effects.
The protein efficiency ratios of diets containing chicken were

found to be higher than those for casein in both male and female
rats, enabling the conclusion to be reached that the protein
efficiency ratios were not affected adversely by any of the
processing methods (343).

The results of studies on antithiamine effects in beef (275)
and chicken (276) and antivitamin B-6 effects in chicken (229), are
reported in the nutritional quality section (7.4) of this
monograph.
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7.2.3. Genetic toxicity studies

Four genetic toxicity studies were performed on the chicken
that had been sterilized by ionizing energy or heat, to determine
eventual genetic changes (mutagenesis), partly because many
mutagens are also carcinogens (62, 63, 233, 372).

No mutagenesi s was observed (233) in a modified Anes Test
(modified because of the presence of histidine in poultry) using
Salmonella typhimurium as the test organism. There was no evidence
that the chicken sterilized by ionizing energy caused sex-linked
recessive lethal mutations, whereas the positive control (to
validate the test), t ri s-(2,e-dibromopropyl)-phosphate, gave a
significant positive response (372) in a second test using fruit
flies (Drosophila melanogaster). As a side effect, a dose-related
reduction in numbers of progeny, produced in cultures of the flies
reared on chicken treated with ionizing energy in the form of gamma
radiation, was noted. This effect was not considered important (74,
152). The fruit fly was the test organism for certain mutation
studies, a use to which it has been put for many years, but it
never has been considered a test organism to reflect possible
adverse effects of foods on reproduction in humans. No impairment
in reproduction attributable to sterilization of chicken with
ionizing energy was observed in feeding trials with rats, mice, and
dogs, which are mammalian species that would be expected to provide
data more relevant to reproduction in humans.

There was no evidence of heritable translocation mutations
(chromosome damage) in mice from the chicken sterilized with
ionizing energy in the third test.

The fourth test showed no evidence of dominant lethal
mutations in male mice exposed to the test diets and mated to
virgin females (63).

These four studies provided evidence that chicken meat
sterilized with ionizing energy from gamma rays and accelerated
electrons was not mutagenic.
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7.2.4. Teratogenic studies

Tests were performed on mice, hamsters, rats, and rabbits to
determine whether consumption of the radiation sterilized chicken
would lead to birth defects (teratogenesis) (13, 80, 89, 90, 191).
The pregnant animals were exposed during the period of maximum
organogenesis to the four test diets, containing chicken that was
either frozen, or sterilized with heat or ionizing energy (from
gamna rays or accelerated electrons), at 35% and 70% of the total
diet. Positive controls (trans-retinoic acid for mice, hamsters and
rats, and thalidonide for rabbits) induced significant incidences
of resorbed embryos and congenital malformations in both soft and
skeletal body tissue. But there was no evidence that the chicken
diets produced significant maternal toxicity or congenital
malformations. It was concluded that there was no teratogenesis in
the four different species of animals from eating any of the four
chicken diets during the period of maximum organogenesis.

7.2.5. Long term studies

The long-term multigeneration, chronic toxicity, and
carcinogenic!ty studies on chicken sterilized with gamma rays or
accelerated electrons, were conducted using rats, mice, and beagle
dogs using diets N, T, F, G, and E (see section 7.2.1). In these
tests, the animals were exposed to their respective diets
throughout their complete life span. Exposure prior to conception
was accomplished by feeding all the parents their particular diet,
followed by feeding the same diet to the mother during pregnancy
and lactation through weaning. The nutrient content of the chicken
used in diets T, F, G, and E and of all five diets (N, F, T,G, and
E) was checked throughout the study. There were no significant
differences in nutrient content among the four test meats and among
the meat-containing diets (438).

The 2-year chronic toxicity, oncogenicity (tumor promotion),
and four-generation study of rats on the five diets was terminated
at the 39th week, because of a lactation problem resulting in a
high incidence of neonatal mortality, not linked to any of the
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chicken diets. From analysis of the data from this study, it was
concluded that no adverse effects of feeding chicken meat,
sterilized with ionizing energy, were observed on body weight, food
consumption, food consumption to weight gain conversion,
reproductive performance, clinical signs, behaviour,
ophthalmoscopy, or the hematological or biochemical factors
measured. It was noted further that preweaning mortality resulting
from lactation failure in the parent females was excessive among
the F , progeny in all diet groups (the condition that led to early
termination of the study). An investigation to determine the cause
of the lactation failure was unsuccessful (438).

In another chronic toxicity and reproduction study, beagle
dogs were fed the five diets prenatally, during lactation and
weaning, and then until death, or for 36 months after weaning for
females and 40 months after weaning for males (59). No apparent
signs of toxicity attributable to diet were observed in any of the
groups in any generation. Mile F dogs fed the sterilized chicken
diet (G) had significantly lower body weights through adulthood
than dogs fed the frozen chicken control diet (F), but obesity in
group F males obscured the interpretation of this finding. The F
females in group G produced more offspring in four successive
pregnancies than did any other group. All diets supported
reproduction and lactation adequately. Clinical pathology findings
in general were unremarkable. From gross observations at
necropsies and from tissues examined microscopically, no
treatment- related abnormalities or changes were noted.

In a 2-year chronic toxicity, oncology, and 3-generation
reproduction study, mice were fed diets N, F, T, G, and E. Exposure
of the F and subsequent generations to the test and control diets
began in utero and continued until death or scheduled termination.
The chronic feeding study, which was continued for 24 months

postweaning, was comprised of F generation mice from which
subgroups were also assembled for the reproduction phase.

The only negative findings in the final report on the mouse
study (343) were (1) reduced survival of virgin female mice in the
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diet G group and (2) increased incidence of benign i n t e r s t i t i a l

Leydig ce l l neoplasms (benign slow-growing t e s t i c u l a r tumors) in
the die t G and d ie t E groups (384). Wierb ick i et al (438) reported
that an independent review of the mouse da ta , at the request of the

U.S. Department of A g r i c u l t u r e , disagreed w i t h both of these
i n t e r p r e t a t i o n s of the data (346). This was f u r t h e r taken up by

PDA's Center for Food S a f e t y and Applied N u t r i t i o n ' s D i v i s i o n of

Pathology (141), which conducted its own independent review of the

data on benign i n t e r s t i t i a l Leydig ce l l neoplasms in mice as wel l

as of the pathology s l i d e s f rom the "Raltech" s tudy. PDA concluded
(174) tha t the chicken s t e r i l i z e d w i t h i on i z ing energy did not

cause the tumors for the fo l lowing reasons:
"1. There was no increase in i n t e r s t i t i a l ce l l hype rp l a s i a in

the t e s t e s of the animals
2. There was no evidence of a progress ion of t e s t i c u l a r

l e s ion(s ) f rom hype rp l a s i a to neop la s i a .

3. There were no demonstrable tox ic les ions (e.g. , atrophy
or necros is ) in the t e s t e s which could have cont r ibu ted to the

pathogenesis of neoplasia .
4. All the t e s t i c u l a r tumors were u n i l a t e r a l , i .e . , none of

the tumors were b i l a t e r a l .
5. Only one of the t e s t i c u l a r tumors was i n t e r p r e t e d as a

mal ignant tumor." (The Na t iona l Toxicology Program's Board of

S c i e n t i f i c Counselors Peer Review Panel sa id it found no

malignancy) .

"6. A majority of the tumors were reported in animals at the

time of terminal sacrifice (i.e., two years of age). Three of the
animals with testicular tumors which died before the terminal

sacrifice had other lesions which also may have contributed to

their early mortality.

7. Cystic vascular interstitial cell tumors mimic other

tumors and the reported incidence of interstitial cell tumors is

probably not represented fully in the historical control data."

A special peer review of the PDA study was conducted by the

National Toxicology Program's (NTP) Technical Reports Review
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Subcommittee at the request of the director of PDA's Center for
Food Safety and Applied Nutrition. The peer reviewers agreed with

the seven reasons the center's Division of Pathology gave for its
original findings that the sterilized chicken did not cause the

tumors. In the consensus conclusion, the NTP expert panel stated

(174):

"The relatively low incidence rates for proliferative

lesions of testicular interstitial cells and related gonadal

stromal tissue in male CD-1 mice as well as other unidentified

variables that may have entered into the generation of the

presently available data, do not allow the study to be categorized
as demonstrating a carcinogenic response as a result of gamma or

electron irradiation of the chicken meat fed to the mice."
The NTP announcement on March 28, 1985, as a conclusion to more

than 30 years of experiments to assess the wholesomeness of foods

treated with ionizing radiation, removed in principle the known

scientific barriers to approval of the use of ionizing energy up to

a maximum dose of 68 kGy ( which is one order of magnitude greater

than the dose needed for poultry radicidation) on a number of meat

products including poultry and poultry products.

PDA, in its final rules on the use of ionizing radiation for dry

and dehydrated food enzymes (10 kilograys maximum), for Trichinella

spiralis control in fresh pork (0.3 to 1 kilogray), and for control

of food borne pathogens in poultry ( 1 - 3 kGy), officially

confirmed the acceptance of this NTP panel conclusion (150, 151

155).

7.2.6. Imposs ib i1 i ty of induced r a d i o a c t i v i t y

In a number of US Army - USDA wholesomeness s tud ie s of chicken

meat products , processed w i t h e l e c t r o n s at energies of 10 MsV and
at doses up to 68 kGy (9-18), no measurable r a d i o a c t i v i t y was
induced, tha t is at a s e n s i t i v i t y l i m i t around 1% of the na tura l
r a d i o a c t i v i t y in inges ted food, which is less than 1% of the
natural r a d i o a c t i v i t y in the human body (56). The radionucl ides in

the body t y p i c a l l y c o n t r i b u t e an i n t e r n a l dose of around 27 mRem
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(0.27 mSv) per annum, or one third of the natural background
radiation absorbed in the human body, the other two thirds being
contributed by cosmic radiation and by terrestrial sources such as
soil, rocks, walls of buildings and the atmosphere (8) (see also
Table XIII).

It should be stressed that the doses for radurization or
radicidation of poultry meat are around one tenth of those used for
radappertization. It should also be remembered that calculations
of induced radioactivity provide much greater sensitivity than
direct measurements. The data summarized in figure 33 (56) show
that, at the maximum permitted level of ionizing energy (10 MeV)
and at a radappertization dose of 32 kGy (i.e. 10 times the
radurization dose and 4.5 times the maximum radicidation dose) the
calculated activity produced per kg meat is one millionth of one
percent (0.00000001) of its natural activity.

TABLE XIE. AVERAGE DOSE-EQUIVALENT AMOUNTS OF RADIATION RECEIVED BY PARTS OF
THE HUMAN BODY FROM VARIOUS NATURAL SOURCES OF RADIATION IN THE USA (6)

Radiation source

Cosmic radiation
Cosmogenic Radionucl ides
External terrestrial
Inhaled radionucl ides
Radionucl ides in body

Total s (rounded)

Average

Gonads

0.28

dose equivalent amount

Bone
Lungs Surfaces

0.28 0.28
0.007 0.007 0.008
0.26 0.26 0 . 26

-
0.27

0.8

1.0-4.5g
0.24 0.60

1.8-5.3 1.1

s i n mi 1

Marrow

0.28
0.007
0.26

-
0.24

0.8

lisieverts per year

G. I. Tract

0.28
0.007
0.26

-
0.24

0.8 f

Assuming 10% reduction to account for structural shielding
Assuming 20% reduction for shielding by housing and 20% reduction for shielding by
body.

Dose rates to organs other than lung included in "Radionuclides in body".
Local dose-equivalent rate to segmental bronchi
Excluding cosmogenic contribution, which is shown separately
Excluding contribution from radionuclides in intestinal contents.

° The original units were mi 11 irem per year; 1 mi 11isievert = 100 mi 11irem.
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These molecular species are highly reactive, and soon react to
form more stable molecules. This capacity of ionizing energy makes
it useful for controlling the organisms that cause spoilage and
destruction of food, and the organisms that cause diseases or
toxicoses in humans. Wien enough of the v i t a l constituent
molecules have been s p l i t , the spoilage and the pathogenic
organisms are no longer functional.

At the same time, the ionizing energy s p l i t s a few of the
molecules of the food i t s e l f . The stable molecules thus produced
are referred to as radiolytic products.

Research on r a d i o l y t i c products has been carried on for more
than 30 years to discover t h e i r nature, the amounts formed, their
relation to the nature of the food and the amount and form of
ionizing energy absorbed, and the effect of conditions of
processing.

By convention, treatments of food with amounts of ionizing
energy up to 10 kilograys are considered as low to medium dose
treatments. Much of the research on radiolytic products from doses
in t h i s range has been reviewed in the proceedings of symposia
(196, 286) and in books such as those edited by Elias and Cohen
(120, 121). From th i s research, several basic p r i n c i p l e s have
emerged:

1. Roughly 1 molecule is changed per 100 electron v o l t s of
( *)energy transferred to food. v '

v ' The significance of this fact, in terms of the degree of

chemical change produced in food by ionizing energy, may be

appreciated from calculations indicating that for each kilogray of

ionizing energy absorbed by 1 kilogram (2.2 pounds) of food,

approximately 6 chemical bonds are broken in each 10 chemical

bonds present. This estimate is based upon:
21

a. the fact that 1 kilogray is equivalent to 6.25 x 10

electron volts of absorbed ionizing energy per ki logram,
b. the approximation that 1 chemical bond is broken per 100

electron volts of absorbed energy (173, 198), and
c. the approximation that 1 kilogram of moist food contains

9f*1x10 chemical bonds.
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TABLE XIV. CHEMICAL COMPOSITION OF ENZYME-INACTIVATED CHICKEN MEAT PREPARED
BY OSCAR MAYER & Co. FOR USE IN THE "RALTECH" STUDIES ON THE WHOLESOMENESS OF
CHICKEN MEAT PROCESSED BY IONIZING ENERGY (437)

Const i tuent
or measurement
Witer %
Protein %
Fat %
Ash %
Sodium chloride %
Phosphorous %
Nonprotein nitrogen %
PH

No. of
samples

12
12
12
12
12
12
8
8

Frozen
cont rol
chi cken
(PC)
65.4
20.2
12.4
1.9
0.85
0.265
0.36
6.39

The rma 1 1 y
processed
chicken
(TP)

65.3
19.9
12.7
1.9
0.87
0.263
0.35
6.33

Chicken processed
wi th i oni zi ng
energy from
Cobal t -60
(G/M)

65.1
20.0
13.0
1.9
0.85
0.260
0.38
6.40

Chicken processed
wi th ionizing
energy from
elect rons
(ELE)

65.3
20.4
12.6
1.9
0.87
0.266
0.38
6.39

2. The ionizing energy absorbed by a food is distributed
among the various components in proportion to their weight
fract ions.

3. The radiolytic products of individual major food
components, such as proteins, carbohydrates, and fats, are not
affected by the other food components present.

4. A given major food component, such as a fat, produces the
same kinds of radiolytic products independently of the food in
which it occurs (see Table XIV for a key to information on
different food components in chicken) (437).

5. All of the known radiolytic products derived from major
food components are found in unprocessed foods or in foods
subjected to other accepted types of processing, such as cooking.
As of this time no unique radiolytic products have been positively
identified in irradiated food.

As a consequence of the foregoing principles, it is possible
to predict the general nature and approximate yields of radiolytic
products, when different foods are treated with specific amounts of
ionizing energy. Therefore, it is not necessary to examine each as
a separate case.

101



7.3.2. Evaluation of the importance of radiolytic products in
irradiated foods

The JECFI convened by FAO, IAEA, and WHO (417), meeting in

1980, reviewed the available information from the standpoint of

applicability to practice. The Committee's view was that the

information on radiolytic compounds and toxicology of the products

available at that t ime was sufficient to conclude that no hazard
was involved in treating any food with ionizing energy up to an

overall average dose of 10 kilograys and that further toxicological
testing of foods so treated was no longer required. The Joint

Expert Committee deferred its decision concerning foods treated
with ionizing energy at doses exceeding 10 kilograys until the data

from two comprehensive wholesomeness studies, then in progress in

the United States and the Netherlands, were available.

The Federation of American Societies for Experimental Biology
appointed a committee that was asked to evaluate the safety of the

known radiolytic compounds in beef; because of the relationship

between poultry and beef this evaluation is considered here. After
studying the available information, the committee issued three
reports (146-148) in which the conclusion was as follows:

"The Committee has examined the available evidence on the

possible health effects of the various volatile compounds,

i d e n t i f i e d in beef prepared by 1ow-temperature i r r a d i a t i o n

pre se rva t i on . In its opinion, the da ta do not demonstrate or
suggest that the v o l a t i l e compounds present any s i g n i f i c a n t

increment of hazard to the pub l i c f rom the normal consumption of
beef prepared in t h i s way.

The Committee r e a f f i r m s i ts o r i g i n a l conclusion tha t there is
no evidence to suggest tha t the v o l a t i l e r a d i o l y t i c compounds,
found in beef i r r a d i a t e d in the described manner, would cons t i t u t e

a hazard to the hea l th of the consumer".

7.3.3. P r e d i c t a b i l i t y of r a d i o l y t i c products

For the r e s u l t s of spec i f i c s tud ies of r a d i o l y t i c products,
produced from the components of a given food, to be use fu l in

102



*£ 50o o

Î1 40
O i-is- s. so
2 c-o o
i

ô
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FIG. 34. Yield of radiolytic products from ham, chicken, pork and beef versus fat content of the
meat (290).

predicting the nature and concentration of radiolytic products
produced from these same components in other foods with various
doses of ionizing energy, the proportions of the components in the
various foods, and certain relationships must be known. Also the
physical and chemical conditions of irradiation, (such as the
temperature and the availability of atmospheric oxygen) must be
the same.

According to current understanding, radiolytic products result
from precursors. Some of the products, such as hydrogen gas, may
be almost completely nonspecific because all organic molecules in
food, except carbon dioxide, contain hydrogen atoms. Some
radiolytic products, however, are specific to a class of
precursors, and some appear to be specific to the particular
molecular structure of the precursor.

For example, hexane and hexene, analyses for which are shown
in fig. 34, are radiolytic products, derived from a broad class of
precursors - fats (290). Fats are chiefly the glyceryl esters of
long-chain "fatty" acids. Analyses showed that palmitic,
palmitoleic, stearic, oleic, and linoleic acids constituted 91 to
96% of the fatty acids in the fats of the ham, chicken, pork, and
beef, from which the data in fig. 34 were derived. The hexane
and hexene molecules are six-carbon chains that are shorter than
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those of all the fatty acids named and thus are derivable from all
of them. This is part of the theoretical explanation for the
observation in fig. 34, that hexane and hexene were produced in
small quantities, at an approximately constant ratio as radiolytic
products of the four meats studied and that the quantities produced
depended upon the fat content of the meats.

An example of greater specificity is the radiolytic product
heptadecadiene, derivable from linoleic acid, a specific fatty acid
found in combined form in certain fats. Heptadecadiene is produced
from the linoleic acid component, primarily by a series of steps
involving the spli t ting-off of a 17-carbon fragment and the
acquisition of a hydrogen atom to form the stable molecule. Hence,
the more of the linoleic acid component is present in the fat, the
more heptadecadiene will be formed. The specificity of linoleic
acid for formation of heptadecadiene during processing with
ionizing energy is indicated by the results of an investigation
(290) in which chicken and beef were processed under identical
condi t ions.

The chicken fat contained 26.1% linoleic acid among the fatty
acid components, but beef fat contained only 3.8%. The results
showed that five times as much heptadecadiene per kilogram of fat
was found as a radiolytic product of chicken than of beef. Although
this specific difference in precursors between chicken fat and beef
fat had an important bearing on the production of heptadecadiene,
the precursor is of widespread occurrence in oils produced by
plants and is present in the grains used as a major component of
poultry feeds. Poultry also may receive a blended animal-vegetable
fat that contains much linoleic acid. Beef cattle, on the other
hand, are fed mostly products other than grain. Moreover, part of
the linoleic acid (an unsaturated fatty acid) in the diet is
saturated during the first stage of digestion by the bacteria in
the rumen, so that it is no longer linoleic acid when absorbed by
the animals.

Thus, there is a commonality among the radiolytic products in
foods of a given class owing to the common occurrence of the
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precursor molecules. The same radiolytic products are found, but
the proportions vary with the proportions of the precursors (287).

The temperature of radiation processing for radappertization of
poultry - at doses 10 times as higher than those required for
radicidation - also is important (197). Poultry should ordinarily
be processed in the frozen condition because the high doses of
ionizing energy needed to achieve s t e r i l i t y have unfavorable
effects on some vitamins (principally thiamine and vitamin E) and
on the sensory qualities of the product if the processing is done
at room temperature. The reason for the temperature effect is that
the sphere of influence of the molecular fragments produced when a
unit of energy is absorbed by a molecule is much smaller in a solid
medium than in a semisolid or liquid medium, since in a solid
medium, some of the fragments recombine to form the original
molecule. This is particularly true in the case of moist food such
as poultry meat, where water is a major component. The
inmobi 1 izat ion of the water molecule, both impedes migration and
promotes recombination of the water radicals (380).

Processing temperatures of -4°to -40°F (-20°to -40 C) have been
found to be the best compromise between cost and the need to
produce a sterile product, while at the same time limiting the
decrease in vitamin content, and the development of undesirable
odours and off-flavours.

7.3.4. Research on radiolytic products

Predictions of the effects of dose of ionizing energy based on
knowledge of the composition of the substance processed are the
most precise and the most useful. Because of the oxygen effect,
processing is preferably done in the absence of free oxygen, and no
attempt is made to predict the effect of different oxygen levels.
Similarly, foods are comnonly processed while unfrozen, or frozen
to specific temperatures, as dictated by the dose of ionizing
energy needed and the sensory qualities of the products, with
l i t t l e or no attempt to predict the effects of a range of
temperatures.
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A large amount of research has been conducted on the nature,
mechanisms of formation, and predictability of radiolytic products.
Further information on these subjects, can be found in a number

of summary papers (287, 375, 376, 378-381).
The validity of the mechanistic concepts developed in this

research, as they pertain to the stepwise reaction of fragment ions
and radicals, is illustrated by the results of an investigation of
the radiolytic products produced when the fat known as tripalmitin,
which contains three molecules of palmitic acid in combination with
one molecule of glycerol, was treated with ionizing energy (287).
In addition to molecular hydrogen the major products predicted and
found were, in descending order of amount,

(a) palmitic acid, a cannon fatty acid,
(b) pentadecane, a hydrocarbon, and
(c) the combination product of an intact tripalmitin molecule

with an acid from the original fat molecule.
These stable products are a predictable consequence of the initial
cleavage of the weakest or most susceptible bonds and of the
eventual formation of the strongest or most preferred bonds. This
investigation and others (237) demonstrate that, despite the
potential for forming many different products, a small number of
final products accounts for most of the chemical changes found. The
PDA has recognized these principles governing the formation of
radiolytic compounds, as evidenced by the conclusion that
"Toxicological data obtained from a given irradiated food item may
be applicable for another irradiated food in the same generic
class", (that is, a food with similar chemical composition) (149).
The PDA report noted further that "safety data collected from food
irradiation at high doses are applicable to members of the same
generic class receiving a lower dose".

7.4. Nutritional Aspects of Irradiated Foul try

7.4.1. General
Only small effects upon the nutritional value of the

macronutrients in foods are expected from the use of ionizing
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energy, because of the small amounts of energy involved.
Nevertheless, experimental investigations are necessary to
determine the effects that actually do occur and especially to
check the response of different classses of nutrients. The JEQFI
convened by FAO, IAEA, and WfO, meeting in 1976, stressed the
importance of examining possible changes in nutrients resulting
from processing foods with ionizing energy, determining whether the
availability of nutrients is altered, and determining whether any
changes that do occur might have adverse nutritional consequences
(413). JEQFI noted also that small changes in the nutritional
quality of foods consumed in small quantities would not have nearly
as great an effect on the overall nutritional balance as would the
same changes in foods that are consumed in considerable amounts in
habitual diets.

Applying ionizing energy to isolated nutrients, either as solids
or in aqueous solutions, does not always yield data that can be
meaningfully extrapolated to intact foods (413).

Because of the protective qualities inherent in foods, the
sensitivity of individual nutritional components to damage by
ionizing energy is less than that of the same nutrients treated in
pure form or in simple solutions and mixtures (71, 291). The
effects upon several nutrients (excepting carbohydrates, which are
of l i t t l e significance in the case of poultry) are reported below.
7.4.2. Fats
The effects of ionizing energy upon fats are similar to changes
resulting from heat or oxidative processes. The main reactions
involve oxidation, polymerization, decarboxylation and dehydration.
These changes affect less than 0.2% of the total lipids at amounts
of absorbed ionizing energy up to 50 kilogray and do not change the
nutritional value of the foods.

Ionizing energy produces a large number of compounds from fats
in foods, depending upon the fatty acid composition (78, 273, 285,
296, 314, 316, 317, 326, 334, 353).

Unsaturated fatty acids are more readily oxidized than are the
saturated acids. The chemical changes are reduced by applying the
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ionizing energy when the products are frozen and in evacuated
containers and by packaging the products to exclude light and
oxygen (107, 163, 290, 438).

In a study of chicken irradiated with 3-6 kGy at 2-5 C, stored
o oat 4-6 C for 3-7 days, steamed at 100 C for 45-60 min., and then

stored for up to 8 weeks at -20 C, a positive correlation was found
between peroxide values in fat from irradiated chicken, and the
radiation dose, apparent immediately after treatment and during
storage. Peroxide values increased significantly during
refrigerated and frozen storage(346).

Tests with rats fed corn oil that had received either 28 or 56
kilograys of ionizing energy showed that the treatment did not
adversely affect the digestabi1ity of the fal. Availability of the
fat treated with ionizing energy was 95.8%, and availability of the
fat in the untreated control was 94.8% (298).

7.4.3. Proteins and ami no acids

Although doses of ionizing energy far in excess of the maximum
dosage of 7 kilograys, envisaged for use in commercial food
processing, have a marked effect upon proteins and amino acids,
doses in the usual range have l i t t l e effect.

Data from a study of the nutritive value of chicken that had
been pasteurized with ionizing energy (Table XV), (96) show that a
6 kilogray dose of ionizing energy causes no significant changes in
the amino acids in the chicken stored at 5 C for 6 days and
subsequently cooked and homogenized. The protein efficiency ratio
data (Table XVI) (96), as well as other data from the report, led
to the conclusion that the nutritive value of the protein was not
noticeably affected by treating the chicken meat with ionizing
energy (96).

7.4.4. Vitamins

Thiamine destruction in meat caused by exposure to ionizing
energy could be reduced by excluding oxygen and treating the meat
in the frozen state (391). Losses of t hi ami ne, riboflavin , niacin,
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TABLE XV. AMINO ACID CONTENT OF CHICKEN MEAT TREATED WITH DIFFERENT DOSES OF
IONIZING ENERGY, THEN STORED AT 5°C FOR SIX DAYS, COOKED AND HOMOGENIZED (96)

Anino Acid

Isoleucin
Leucin
Ly s i ne
Methionine
Cyst ine
Pheny lalanine
Tyros ine
Threonine
Tryptophan
Va 1 i ne
Arginine
Hi st idine
Alan ine
Aspart ic Aci d
Glut ami c Acid
Glycine
Prol ine
Serine

Grams of amino
indicated

None

4.2
6.7
7.1
2.3
0.98
3.6
2.9
4.0
0.98
4.8
6.6
3.4
6.4
8.4

13.6
8.5
5.5
4.1

acids per 16 grams
doses of ionizing

3 Ki log ray s

4.2
6.7
6.9
2.3
1.02
3.5
2.8
4.0
0.93
4.8
6.5
3.3
6.5
8.2

13.6
8.8
5.6
4.1

of ni t rogen at
energy

6 Ki log r ay s

4.3
6.8
7.1
2.35
1.02
3.5
3.0
4.1
0.96
4.9
6.6
3.3
6.6
8.4

13.6
9.0
5.7
4.2

Availabi1i ty
of lysine 94% 95% 96%

and pyridoxine were less when ham and pork were sterilized by 45 to
o o56 kilogray of ionizing energy at -112 F (-80 C) than when these

products were sterilized with heat under normal cotmercial
processing conditions.

Loss of t hi ami ne from pork was less when it was sterilized with
60 kilogray of ionizing energy from accelerated electrons received
in a short time than from gamma rays from cobalt-60 received over a
longer time (392).
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TABLE XVI. NUTRITIVE VALUE OF PROTEIN IN CHICKEN MEAT AFTER TREATMENT WITH
DIFFERENT DOSES OF IONIZING ENERGY AND STORAGE AT 41°F (5°C) FOUR TO SEVEN DAYS
BEFORE COOKING (96)

Dose of i o n i z i n g energy
ki log r ay

0
3
6

*
P r o t e i n e f f i c i e n c y r a t i o

2.18
2.34
2.21

Gain in weight per unit weight of protein eaten (usually measured with male
rats under standard conditions of a 4 week assay period with diets containing
10% protein and adequate in all essential nutrients)

A similar beneficial effect on thiamine retention was also noted
in chicken and beef (393). The products treated with accelerated
electrons retained 2 to 2.5 times as much thiamine as those treated
with gamma rays. It was suggested that with the higher
instantaneous concentration of molecular fragments resulting from
the electron beam, the 1ikelihood would increase that the fragments
would react with each other instead of with thiamine (392) (see
also section 7.4.3).

Vitamin B1?> para-amino-benzoic acid, pantothenic acid, and
folacin are sensitive to ionizing energy in aqueous solutions but
not in food (71, 291, 338, 346, 347).

Treatment of diets containing chicken with ionizing energy
resulted in no significant decrease in folacin activity (338).

Serious concern about the possibility that exposure to ionizing
energy could result in the formation of antivitamins in food was
nonexistent until a testimony by FDA, at a hearing by a committee
of the United States Congress in 1969 (50). At this hearing FDA
hypothesized that ionizing energy results in "apparent production
of antinutrient factors" from its evaluation of the wholesomeness
data in a petition from the US Army to approve the sterilization of
ham by ionizing energy.

An antivitamin has been defined "as a compound that diminishes
or abolishes the effect of a vitamin in a specific way" (358). This
is an extension of an earlier characterization of an antivitamin
as a compound that (1) has a chemical structure similar to that of
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a vitamin, (2) produces symptoms similar to those produced by lack
of the vitamin, and (3) acts competitively with the vitamin.

\\hen the US Army drew up its procedures in the 1970s for
assessing the wholesomeness of beef and chicken meat sterilized
with ionizing energy, studies to detect the possible formation of
antithi ami ne and antivitamin B-6 as a consequence of the treatment
were included. The ability of beef and chicken preserved by
ionizing energy, freezing, and heating to resupply vitamin B-6
deficient and thiamine-deficient rats with these vitamins was
assessed experimentally. It was reported that when testing for
possible antivitamin activity no differences were found among the
animal groups in growth, erythrocytes, transketolase activity, and
pyrophosphate effect (274, 275). It was concluded that beef and
chicken sterilized with ionized energy from accelerated electrons
and gamma rays contained no antithiamin properties. In testing for
possible antivitamin B-6 activity no differences were found in
terms of animal weight gain and similar responses of rats in their
vitamin B-6 dependent blood enzyme a c t i v i t i e s (plasma and red cell
aspartate aminot ransferase) when they were fed chicken that had
been frozen or treated with ionizing energy. Responses of some of
the enzymatic values, however, were slightly delayed in groups fed
chicken that had been treated with ionizing energy at a marginal
vitamin level. It was concluded that, if an antivitamin B-6 factor
is present in chicken treated with ionizing energy from ganma rays,
"it is minimal, is detectable only under conditions of marginal B-6
status, and is overcome by added dietary pyridoxine" (276).

7.5 Human Studies

Until recent successful studies from mainland China in April
1986, (24, 92, 171) the only known studies in which human subjects
received a diet consisting of components treated with ionizing
energy had been reported in 1958 (61, 73). The foods were frozen,
treated with ionizing energy and stored for 3 months at room
temperature before use. They included chicken treated with 37
kilogray. The control foods without ionizing energy treatment were
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similarly frozen i n i t i a l l y and were kept frozen thereafter. Three
different diets were tested, each with and without ionizing energy
treatment of the component enumerated, and these components used in
amounts to supply 80% of the total calories. The diets were fed to
13 male volunteers, 20 to 23 years of age, who had passed a
thorough medical examination. There were 15 days of control diets,
and 15 days diet containing foods treated with ionizing energy.

No clinical abnormalities were noted in the human subjects. The
ionizing energy treatment decreased the thiamine and ascorbic acid
content and increased the "browning reaction" derivatives, fat
soluble carbonyl compounds and thiobarbituric acid reactants. The
ionizing energy produced few changes in nutrients and calorific
value of the foods used in the study. The ability of the diets to
maintain nitrogen balance was shown to be essentially unchanged.
These investigations revealed no unfavorable effect, e.g. due to
ingestion of the degradation products resulting from the treatment
with ionizing energy.

8. CLEARANCE OF IRRADIATED POULTRY

8.1 FA3/VHO Acceptance of Wiolesameness Data on Irradiated Food
(209)

A major decision at the 1976 JECFI meeting (see para. 7.1.1.)
was that irradiation is a physical process for treating food, and
is comparable to heating or microwaving or freezing of food.
Therefore the assessment of the wholesomeness of irradiated food
must be based on the concept of food irradiation as a process and
not on the previous concept of a " food additive".

The three international organizations, competent in the field
of food processing for the preservation of food, convened, at the
end of 1977, an Advisory Group (130) to revise and update the
recommendat ions of a similar group which had met at early 1972
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(129). This advisory group considered how national regulations
could be harmonized so as to faciliate the international movement
of irradiated food.

The group presented considerations on regulatory control over
the irradiation plant and the irradiation of foods, and on
assurance for comparability of control (international labelling
and documentation), together with relevant information on the
legal aspects and some model regulations.

Another JEQFI was convened in 1980, to assess new data which
had become available since 1976 (417). The Expert Committee,
having reviewed the new evidence, formulated a reconmendat ion on
the acceptability of food irradiated to an overall average dose of
10 kGy, since irradiation of any food commodity up to an overall
dose of 10 kGy presents no toxicol ogi ca 1 hazard; hence
toxicological testing of food so treated is no longer required
(417). It also concluded that no special nutritional or
microbiological problems are introduced. However, the JECFI
emphasized that attention should be given to the significance of
any changes in relation to each particular irradiated food and to
i t s role in the diet.

The Board of the International Committee on Food Microbiology
and Hygiene, of the International Union of Microbiological
Societies, at the request of FAO/WK), analyzed at its 1982 meeting
(141) the scientific knowledge on the different microbiological
aspects of irradiated foods, and concluded that there was no basis
for the concern raised at the 16 session of the Committee of
Codex Alimentarius in 1979, regarding possible increased radiation
resistance and increased pathogenicity associated with genetic
changes of surviving microorganisms, nor was there cause for
concern about reservations expressed at the 12 session (1982) of
the Codex Committee on Processed Meat and Poultry Products that
irradiation at sub-lethal doses might result in radical changes in
the bacterial flora.

The Board concluded that there would be no qualitative
difference between the kind of mutations induced by ionizing
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radiation and those induced by any other pasteurization/partial
préservât ion methods, such as heat treatment or vacuum drying.

On basis of these findings and recommendations, the Codex
General Standard for Irradiated Foods (Worldwide Standard) (143),
and the Recommended International Code of Practice for the
Operation of Food Irradiation Facilities (144), were prepared and
published by the Codex Al imentarius Commission in 1984.

Some aspects of these two documents, are discussed in detail in
Annex IX (with special reference to poultry).

8.2 National and International Clearances

A number of member Governments of the three international
organizations (FA3, IAEA, and WK)) have already published
regulations and clearances for the marketing of irradiated
poultry, chicken or minced poultry meat (245). Table XII shows a
l i s t of these clearances, presenting the purpose of the treatment
in each case , the kind of clearance, the dose permitted and the
date of approval. Some of the clearances use absolute maximum
permitted values while the others have adopted the Codex concept
of an overall average value. The first unconditional clearance was
published in South Africa subsequent to the reconmendation of the
JECFI Committee in 1976 (412, 413), followed by clearances in
Israel (118, 252, 292, 293, 297), Chile, Bangladesh, Yugoslavia,
France, Brazil, Syria, Thailand and Holland (for 2 years, in 1988)
(138). The most recent clearances listed in Table XII are those
given by the US PDA on May 2— 1990 (155) (in response to a
petition submitted by the US Department of Agriculture's Food
Safety and Inspection Service in 1986) and by the UK government on
February 13—, 1991 (28). The Commission of the European
Communities has proposed a Directive on Food Irradiation based on
a report by its Scientific Council, which includes poultry amongst
different food commodities, recommending an overall average dose
limit of 7 kGy. It is expected that the recent recognition of
the rapidly increasing hazard of food borne diseases, caused by
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pathogens in poultry, will lead to further clearances by member
Governments, in response to the recomnendations of CAC, VHD and
FAO.

It may be interesting to note, in relation to some of the above
clearances, that after a thorough examination of the Koshering
regulatory aspects of poultry irradiation, the chief Rabbinate of
Israel has approved irradiated kosher poultry, provided the
treatment has been applied a short while after the koshering
process (51, 226).

8.3. ICGFI Code of Good Irradiation Practice for Prepackaged Nfeat
and Poult ry

The Codex Standard does not specify technological parameters,
since these will depend in the case of each product on a number
of variables, such as variety, origin, stage of maturity, stage of
season at harvest, composition, microflora (qualitative and
quantitative) etc. For this reason, the International
Organizations (FAO/ IAEA/WK}) have sponsored the preparation of
codes of good irradiation practice for the irradiation of
different groups of products including the Code of Good
Irradiation Practice for Prepackaged Nfeat and Poultry (to control
pathogens and for extend shelf-life) (140).

Additional guidelines or protocols, may be prepared by national
authorities (30), either for their own products or for those to be
imported, after treatment with ionizing radiation, as
illustrated below in the case of the U.S.A.

8.4. National Guidelines: U.S Example (123, 125, 126, 127)

In an effort to assist U.S. radiation processors, the USDA-FSIS
has established guidelines for the HACCP quality system needed to
irradiate poultry products. Applicants are required to provide a
detailed plan of c r i t i c a l control points , for each irradiation
process to be used. In the United States, it appears likely that,
at least i n i t i a l l y , food irradiation will occur at multipurpose
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irradiation f a c i l i t i e s rather than in food plants. For that
reason, separate guidelines have been prepared for food plants
preparing products for irradiation and for radiation application
facil i t i es.

The HAOQP system for a plant preparing product for irradiation
will have to address critical control points in ten areas. First,
the uniformity of condition, size, and weight of raw product must
be controlled and documented to assure an even distibution of the
radiation dose in the product. Then, packaging materials must be
checked to see that they comply with FDA requirements and to see
that they have a uniform size and shape. Once the product is
packed, it must be checked again for consistency, for instance to
see that size and conformity standards are maintained. Net weight
must also be closely controlled through scale calibration, tare
and target weight checks, and weight variability checks. Again,
these verifications relate to proper dose distribution in the
product. Labelling will have to be checked to determine if the
product is properly labelled as a retail, wholesale, or second
generation product. Final labels must be applied at the plant of
origin because the irradiation facility will not be allowed to
open cartons or repalletize products before or after irradiation .
Distribution plans are required to assure that the destination is
aware of labelling and disposition requirements. Plans to prepare
the product for shipping must include controls for uniform packing
configurations to result in uniform bulk density of the product
units and a uniform pallet wrapping plan. Also, shipping
instructions must stipulate segregation of different products
before, during, and after irradiation. The product must be shipped
under seal for proper control during transportation and the bill
of lading, accompanying the product must include all pertinent
information about the product, that is: product name, net weight,
bulk density, dimensions of the product unit, and so on. The plant
of origin must also provide means of assuring constant
refrigeration during transport of the product to the irradiation
plant and they must have a plan for implementing prompt and
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efficient recall of the product, should anything go wrong after
the product leaves their plant.

The HACCP system for the irradiation plant must address at
least four major points. The f i r s t is incoming product control,
including verification upon receipt of all requirements imposed on
the plant of origin. Control procedures for product prior to
processing must verify the identity, quantity, temperature,
condition, weight, bulk density, dimensions, and configuration of
all product units in the shipment to assure satisfactory dose
distribution. Processing procedures must include assurance of
source activity, control of processing time, documentation of
source/product geometry, type and placement of dosimeters,
calibration of the dosimetry system, assurance that the absorbed
dose is within limits, and procedures for rework of product that
has received only a part of the required dose.

Following irradiation, temperature and condition of the product
must again be controlled, means to verify the dose received by the
product must be available, proper labelling must again be
verified, and an acceptable recall procedure for product found to
be unacceptable, must be established. In addition the plant must
have documentation to support proper conmi ssioning procedures,
complete product dose mapping, dosimeter system calibration
records traceable to standards of National Institute of
Standards and Technology (NIST), and complete process control
records.
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9. REGULATORY ASPECTS OF POULTRY IRRADIATION (75, 345)

9.1. Introduction

Regulating trade in food for the purpose of protecting public
health was one of the earliest exercises of the state authority. In
more modern times, particularly in the current dominant world of
market economies, it is the duty of authorities to l i f t barriers to
trade and thus facilitate trade. Of these seemingly opposing
responsibilities, the former requires that correct and complete
information on the product is given to the public (fair trade
practices), and that the product does not constitute a hazard to
public health. The latter requires that the controls to ensure the
above requirements do not constitute a barrier to trade. Hence the
ability to design a control system, which is effective but not
prohibitive, gains a fundamental importance. This government
function is true for all goods traded, including foodstuffs,
therefore it is similarly true for trade in irradiated poultry
(254).

9.2. Peculiarity of Irradiation

Irradiated poultry, like poultry processed by any other method,
must be subject to all the same conditions of quality, handling
(GVP), hygiene and labelling as for any food in general. The only
matter that is peculiar to the irradiation process is that it
cannot be determined by post factum tests, unlike the other types
of poultry treatment such as cooking, smoking , drying, or
freezing. Therefore, special regulation and control for quality
handling, hygiene and labelling of irradiated poultry is necessary,
if and only to the extent necessary for the identification of
irradiation treatment and, as will be mentioned below, for the
assurance of good irradiation practice. It should be emphasized
that this difference in control method is not necessitated by any
special risk involved in irradiation treatment or by the public
concern about the insufficient knowledge of this treatment. The
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development of practical testing methods to determine that food has
been irradiated would facilitate the monitoring of irradiated foods
in trade and the verification of label declarations. Such methods,
however, cannot replace the control measures designed to ensure
good irradiation practices.

9.3. Control of Irradiation (75)

As good irradiation treatment cannot be determined subsequent to
irradiation, the only effeetive method of ensuring that it has been
applied in a majiner that would not constitute a health hazard to
the public or mislead the public as to its consumption, is to
control and identify its application at the origin, by regulating
the process of irradiation of poultry, and not at the point of
sale. This type of control would entail taking the following
measures:

(A) Prior approval of poultry to be treated by irradiation
(see section 8);

(B) Prior approval or registration of facilities which will
irradiate poultry;

(C) Inspection of facilities for compliance with the conditions
contained in the approval or registration;

(D) Certification on labels and/or commercial documents
accompanying the irradiated poultry that it has been
irradiated in an authorized facility and under conditions
inspected for compliance with the authorization (see
sect ion 4.4.1).

The minimum that any regulatory action would have to provide for
are these four points. In regulating these points it is necessary,
however, to observe the following:

(a) The provisions regarding prior approval of poultry to be
treated by irradiation must include, in addition to the
requirement for approval or registration, the relevant
conditions, namely:

(i) reference to recognized national or international
scientific evidence as to the safety of chemical
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and radiolytic changes made by irradiation in the
poultry (see section 7.3),

(ii) reference to recognized national or international
scientific evidence as to the preservation of
nutritional quality of the irradiated poultry,
(see sect ion 7.4.),

(iii) reference to recognized national or international
scientific evidence as to the safety of
interaction between the packaging material and the
pre-packaged poultry to be irradiated (see
sections 4.3.3 and 4.3.4),

(iv) reference to recognized national or international
scientific evidence as to the dose level to be
applied within which the above mentioned
assurances are maintained (see paragraph 4.5.2),

(v) dosimetry method to be used during irradiation
(see sect ion 4.5.),

(vi) the type of irradiation source to be used (see
sect ion 4.2).

(b) The provisions regarding prior approval or registration
of facilities which will irradiate poultry must include,
in addition to the requirement for approval or
registration, the relevant conditions, namely:
(i) hygiene conditions to be built into the premises

and to be observed in the handling process for
treating poultry (see section 8.4),

(ii) radiation safety measures to be built into the
premises and to be observed in the radiation
process (see section 8.4; this to complement
exixting plant and personnel statutory radiation
safety requirements,

(iii) professional qualifications required of the
personnel of the facility (see section 7.8.).

(c) The provisions regarding inspection (including existing
statutory requirements) must comprise, in addition to the
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requirement of inspection, the conditions of inspection,
name 1 y :
(i) inspection of poultry irradiated and to be

irradiated for compliance with the product
definition given pursuant to paragraph (a) (i)
above,

(ii) inspection of the packaging material of
prepackaged poultry irradiated and to be
irradiated for compliance with the provisions
referred in paragraph (a) (iii) above,

(iii) inspection of plant operation records and
current irradiation practice for compliance with
the levels authorized pursuant to paragraph (a)
(iv) above,

(iv) inspection of the dosimetry for compliance with the
method pursuant to paragraph (a) (v) above,

(v) inspection of the radiation source for
compliance with the conditions prescribed pursuant
to paragraph (a)(vi) above,

(vi) inspection of the facility and the handling process
for compliance with the hygienic conditions
prescribed pursuant to paragraph (b) (i) above,

(vii) inspection of the facility and the irradiation
process for compliance with radiation safety
conditions prescribed pursuant to paragraph
(b)(ii) above,

(viii) inspection of personnel records of the staff for
compliance with the conditions prescribed
pursuant to paragraph (b)(iii) above,

(ix) inspection of labels and commercial documents
accompanying the irradiated poultry for compliance
with the provisions referred to in paragraph (D)
above,

(x) any other administrative authority vested in the
inspector(s)' or the inspection authority which is
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necessary to ensure the effectiveness of the
inspection, such as the power to suspend operation
of the f a c i l i t y or to confiscate products.

9.4. Codes of Good Irradiation Practice (75)

It may be noted that the points covered under paragraph (a) in
section 9.3, contain the minimum information necessary for prior
approval by competent authorities of irradiation treatment of any
food item. Therefore , any application for approval (clearance)
must provide to the competent authorities information on those
point s.

It is desirable, however, to develop, in addition , codes of
good irradiation practice for the industry to observe as their
guidance for quality control. Such codes need not have the force of
a regulation, as their content need not be subject to government
control. Codes of good irradiation practice have been prepared for
meat and poultry (140, 30), and contain a detailed description of
the treatment, which is however limited only to aspects special to
irradiation (see section 4), as distinct fron the code of good
manufacturing practice (GZvP); this should in any case be
applicable, as it is with any other food treatment and handling
process.

9.5. Control of Importation - Certification

With respect to the control of sale of irradiated poultry, in
addition to domestic certification, the importation of irradiated
poultry needs to be regulated. It should suffice to provide for the
latter purpose, that irradiated poultry which meets the national
regulatory requirements may be imported, and that this is
ascertained by a system of recognized certification methods.
Certification based on sub-standard or inadequate authorization,
irradiation or inspection procedures, however, would not serve any
purpose. Not all countries recognize yet the same scientific
evidence and dosimetry methods mentioned in paragraph (a) of

122



section 9.3, the hygienic and radiation safety conditions referred
to in paragraph (b), or the inspection methods delineated in
paragraph (c). Different irradiation practices or incomplete
control measures would hamper international trade in irradiated
poultry. International trade can only be faciliated if there exists
a harmonization or, better s t i l l , a standardization of these
matters. Standardization would obviate the need for international
agreement or harmonization action. Only then would certification be
given credibility that the poultry to be imported had been properly
irradiated in an authorized facility, and under conditions
inspected for compliance with such authorization. The establishment
of a certification system beyond domestic usage gains a special
importance in the international trade in irradiated food, as there
does not yet exist a practical test method to identify whether
poultry has been treated by irradiation and at what dose level.

9.6. Regulation of Labelling Activities

Control for the purpose of ensuring that correct and complete
information is given to the public, as regards the nature and
qualities of the product, involves regulating labelling activities.
The term labelling here is used to mean an appropriate indication
of the fact of irradiation on the legally required label. The Codex
Standards for Irradiated Foods (CAC/MX XV - Ed. I) (143) and for
Labelling of Prepackaged Foods (CAC/VCL VI - Ed.2, as amended in
1991) (145) provide recomendations on the labelling of irradiated
foods, including information to be included in the shipping
document.

9.7. Quality Control by the Industry (75)

On the question of quality control in many countries the
government' s contribution could be very useful . Although not to
market bad or harmful products is in the interest of the industry,
government intervent ion might be required in the case of irradiated
food for the specific reason that irradiation treatment cannot be
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identified and quantified after the fact. In fact, government
intervention would not only be in the public interest, but also in
the interest of the industry, as the difficulty of determination of
irradiation constitutes a barrier to trade. However, government
control should be built on what is necessary beyond the built-in
quality control exercized by the industry, more as a verification
of the basic public health requirements to be observed during the
application of irradiation to specific food items.

9.8. Control of Packaging (125)

9.8.1. Packaging material s

Packaging is another significant control issue related to food
irradiation. In the United States, for instance, all materials used
to package food are considered to be indirect food additives and,
as such must comply with provisions of the Federal Food, Drug, and
Cosmetic Act. It is the responsibi 1 ty of food packaging material
manufacturers to produce materials that comply with that Act.
Poultry products are most commonly packaged for retail sale in
shrink bags or trays with a stretch or shrink film overwrap. For
poultry, packages with a high moisture barrier and low oxygen
barrier, provide the best results. New resins, and recently
developed technology for multi-ply, coextruded films and
thermoformed trays, provide these properties more effectively than
earlier materials and are becoming increasingly necessary for
processors to compete in the marketplace (385).

Materials used to package foods for irradiation processing are
covered in a specific PDA regulation (21CFR, 179.45) (see Table IX)
(153) that was developed in the late I960's to provide packaging
materials for the planned irradiation sterilization of foods. This
list has been incorporated in many national clearances.

Since the existing list of FDA approved materials may not meet
the current requirements of the poultry industry for packaging
products for radiation pasteurization and subsequent retail sale,
the packaging industry is being encouraged to act soon to ensure
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that suitable materials are available when irradiation of poultry
becomes a viable industry option (385).

9.8.2 Packaging environment (125)

As regards the environment within the package, a problem may
arise with the use of vacuum packaging for irradiated poultry,
where it is permitted. Vacuum packaging combined with refrigerated
storage at less than 3°C is the preferred method for extending the
shelflife of many perishable poultry products. Vacuum packaging
retards the growth of common aerobic spoilage bacteria, such as
Pseudcmonas species, on refrigerated fresh poultry. Radiation doses
of less than 10 kGy are insufficient to destroy spores of
Clostridium botulinutn, but they do have the potential of reducing
competing microflora, thereby allowing C. botulinum to flourish in
the vacuum packaged products. Some strains of C. botulinum can
produce toxin at temperatures as low as 3 C. Although the normal
growth of C. botulinun causes a foul, putrid odor which should warn
the consumer of spoilage, it is claimed by FSIS that spores of C.
botulinum type E, normally not found in poultry, can produce toxins
without sensory evidence of spoilage.

At present, there are no data to support the microbiological
safety of irradiated, vacuum packed products. For this reason FSIS
has prohibited the sale or distribution of such products in the
USA. FSIS is cooperating with USDA in developing a long range
research project that has, among its objectives, a plan to
determine the combined effects of vacuum packaging and ionizing
radiation on the outgrowth and toxin production of C. botulinum i n
poultry. It is possible that the decision to prohibit the
irradiation of vacuum packaged products might be reconsidered by
FSIS, if this research provides the necessary data to prove their
microbiological safety (125).
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Annex I
THE WHO 10 GOLDEN RULES FOR SAFE FOOD PREPARATION (201)

The WHO Golden Rules for
Safe Food Preparation

JL. Choose foods processed for safety

While many foods, such as fruits and vegetables, are best
in their natural state, others simply are not safe unless
they have been processed For example, always buy
pasteurized as opposed to raw milk and, if you have the
choice, select fresh or frozen poultry treated with
ionizing radianon When shopping, keep in mind that
food processing was invented to improve safety as well as
so prolong shelf life Certain foods eaten raw, such as
lettuce, need thorough washing

2. Cook food thoroughly

Many raw foods, most notably poultry, meats, and
unpasteunzed milk, arc very often contaminated with
disease causing pathogens Thorough cooking will kill
the pathogens, but remember that the temperature of all
farts of the food must reach at least 70°C If cooked
chicken is still raw near the bone, put it back in the oven
until it s done — all the way through Frozen meat, fish,
and poultry must be thoroughly thawed before cooking

3. Eat cooked foods immediately

When cooked foods cool to room temperature, microbes
begin to proliferate The longer the wait, the greater the
risk To be on the safe side, eat cooked foods just as soon
as thcv come off the heat

4« Store cooked foods carefully

If you must prepare foods in advance or want to keep
leftovers, be sure to store them under either hot (near or
above 60°C) or cool (near or below 10°C) conditions
This rule is of vital importance if you plan to store foods
for more than four or five hours Foods for infants should
preferably not be stored at all A common error,
responsible for coundess cases of foodborne disease, is
putting too large a quantity of warm food in the
refrigerator In an overburdened refrigerator, cooked
foods cannot cool to the core as quickly as they must
When the centre of food remains warm (above 10°C) too
long, microbes thrive, quickly proliferating to disease
producing levels

5. Reheat cooked foods thoroughly

This is your best protection against microbes that may
have developed during storage (proper storage slows
down microbial growth but does not kill the organisms)
Once again, thorough reheating means that all parts of
the food must reach at least 70°C

O. Avoid contact between raw foods and
cooked foods

Safely cooked food can become contaminated through
even the slightest contact with raw food This cross
contamination can be direct, as when raw poultry meat
comes into contact with cooked foods It can also be
more subtle For example, don't prepare a raw chicken
and then use the same unwashed cutting board and knife
to carve the cooked bird Doing so can «introduce all the
potential nsks for microbial growth and subsequent
illness present prior to cooking

T. Wash hands repeatedly

Wash hands thoroughly before you start preparing food
and after every interruption — especially if you have to
change the baby or have been to the toüct After
preparing raw foods such as fish, meat, or poultry, wash
again before you start handling other foods And if you
have an infection on your hand, be sure to bandage or
cover it before preparing food Remember, too, that
household pets — dogs birds, and especially turtles —
often harbour dangerous pathogens that can pass from
your hands into food

8. Keep all kitchen surfaces
meticulously clean

Since foods are so easily contaminated, any surface used
for food preparation must be kept absolutely dean Think
of every food scrap, crumb or spot as a potential reservoir
of germs Cloths that come into contact with dishes and
utensils should be changed every day and boiled before
reuse Separate cloths for cleaning the floors also require
frequent washing

9. Protect foods from insects,
rodents, and other animals

Animals frequently carry pathogenic microorganisms
which cause foodborne disease Storing foods in nghtK
scaled containers is your best protection
Use pure water

Pure water is just as important for food preparation as tor
drinking If you have any doubts about the water supplv,
boil water before adding it to food or making ice for
dnnks Be especially careful with any water used to
prepare an infant s meal

The World Health Organization regards illness due to contaminated food as one of the most widespread health
problems in the contemporary world In infants and the elderly, the consequences can be fatal Protect your

family by following these simple rules. They will reduce the nsk of foodborne disease significantly

For fiKther Information contact Food Safety unit Division of Environmental Health, World Health Organization, 1211 Geneva 27, Switzerland
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Annex II
THE DISTRIBUTION OF BACTERIAL COUNTS (LOGARITHMIC UNITS) OF

BROILER CHICKEN SKIN (217)
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Annex III
LETTER FROM THE SCOTTISH OFFICE (295)

You wrote to Eric Ferguson here on 3 November inviting my Department to comment on the implications
for hospitals, old peoples' homes, etc. and for the import of certain foodstuffs in the event of irradiation
being permitted in the UK. You wrote in similar terms to Miss Wears of the Department of Health and
I understand you agreed with her that the deadline for replies could be extended.

My Department has seen the Department of Health's response of 30 November and 1 am able to
confirm our endorsement of it. However, whilst agreeing that insistence on the use of irradiation would be
inappropriate in circumstances other than those currently covered by the Food (Control of Irradiation)
(Scotland) Regulations 1972 or the England/Wales counterpart (ie for patients "who require a sterile diet
as an essential factor in their treatment") my Department is conscious that those responsible for particularly
vulnerable groups (such as those in hospitals) will wish to consider the benefits of irradiation as part of
their overall strategy for the management of food safety.

My Department has asked me to point out that there have been a number of studies following outbreaks
highlighting the relationship between poultry meat and human salmonella infections This has led to a
number of health authorities removing! rom hospital dietsall poultry meat. The scope fo r removing infection
by means of irradiation provides an opportunity forreinstating tMsnutritious food into the diet and a recent
letter sent by the Scottish Home and Health Departments to Community Medicine Specialists was intended
to make them aware of the possible legislative changes to invite them to take this into account in determining
their food and food safety policies.

My Department stresses that it does not see the irradiation of certain foods in hospitals as obligatory
nor does it envisage patients and other occupants being compelled to eat irradiated food, other than those
covered by the 1972 Regulations. As the Department of Health reply states hospital authorities which elect
in the interests of the health of their patients to provide only irradiated poultry will clearly have to consider
how this will be made known so that patients have the choice between the poultry and other food. Possibilities
could include the guidance which hospitals issue to incoming patients or via menus.

I am copying this letter to Miss Wears.

E B Miller
/ December 1989
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Annex IV
PREVALENCE OF SALMONELLA IN POULTRY (350)

Type of product

Raw pioducls
Bioi ler chickens
Broiler chickens dented with chlorotetracyclme
Chickens
Chicken parts
Chicken giblets
Turkeys
Fryer chickens
Poultry
Chickens
Chicken liens
Chicken caicass with neck or edible visceia

packed inside
Whole carcass after chilling
Chickens, packing area, plant A
Chicken1!, packing area, plant B
Chickens
Chickens, New York dressed
Chilled turkey carcasses
Chilled turkey carcasses, plant A
Chilled turkey carcasses, plant B
fu r the r processed turkey products, plant A
rurlhct piocessed turkey product'!, p lant B
Clncken catcass ( a f l c i giblets added)
Duck«; (.iflcr c h i l l i n g )
Chickens
Chickens (in cr.itcs)
Ployé», whole poultry

Fu)7cn pou l t ry pieces

Pin liier processed turkey products
Chickens
Gihlels
I in keys
Ducks
F i o?cn pou l t i y
Tio/cn chickens

Pouldy carcasses
Poultry viscera

Number of
samples

analy/ed

297
80

525
404

93
146
264
217

1510
770
237

348
169
817
531
272
58

149
59

217
119

4 150
140
171
155
90

149
100
100
35

4'M
265
10»
•597
Ml
532
112

221')
2728

310
m
137
88

2989
724

Positive for
Salmonella

Number

30
14
88
61
22
18
72

8
245

41
119

27
37
4
0
0

10
15
9

46
44

2
16
35
20
22
22
13
0
3

28
28
0

39
16
20
19

207
291

46
27
39
22
65
10

Percent

10
18
17
15
24
12
27

4
17
5

50

8
22

< 1
0
0

17
10
15
21
37

< 1
11
21
n
24
15
13
1)

10
6

11
0
7

36
4
6
9

11
14
18
29
27

2
1

Cound y

United Kingdom
Canada
United States
United Slates
United States
United Kingdom
United States
United Kingdom
Netherlands
Netherlands
United Stales

Uni t ed Sl.ites
United Stales
United States
Northern Ireland
Northern Ireland
United States
United States
United Stales
United Stales
United Sl.iles
United Kingdom
N o i l h e i n I re land
United Stales
United St.itcs
United Kingdom
Uni ted Kingdom
Ocnmark
United Kingdom
United Stales
Northern Ireland
Northern Iieland
Northern l ic land
Noi them Ireland
Umlco Kingdom
Dcnnicirk
I lung i iy
Phin t
United Stiles
Bulg.uia
Can id.i
Nethei lands
Olhcr countr ies
United States
United St.ilcs

Reference

Dixon and Pooley (1961)
Thatcher and Loit (1961)
Wilson et al (1961)
Wilson cl ai ( I961)
Wilson ci al (196I )
Dixon and Pooley ( 1962)
Woodburn (1964)
Galbraith el al (1964)
van Scholhorst et al. (I965)
van Schothorst et al (1965)
Wilder and MacCready (1966)

Wilder and MacCready (1966)
Glezen et al (1966)
Glezenctal (1966)
Patterson (1967)
Patterson (1967)
Bryan ct al (1968a)
Bryan et at (I968b)
Bryan et al (1968b)
Bryan el al (1968b)
Bry.m ct al (1968b)
Tucker and Gordon (1968)
P.itterson (1969)
Suikiewicz et al (1969)
Morris and Wells (1970)
Hobbs (197! )
Hobbs ( 1 9 7 1 )
Hobbs (1971 )
llobbs (1971)
Zottola and Btista (1971)
Palteison ( I972a)
Patleison (1972a)
Palleison (1972a)
Patleison (1972a)
Hobbs (1972)
A Siiruki ct al (1973)
A Suzuki ct al (1973)
A Suzuki it al (1973)
A Suzuki cl al (1973)
A Suruki ct al (1973)
A Su/i iki ct al (1973)
A Suniki el al (1973)
A Suzuki f t a l ( I973)
Goo ct al (1973)
Goo ct al (1973)
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l 'OMtive for
Numbci of Salmonella

lype of product

Chickens (mostly livers)
Chickens

Chicl.cn skin
Chickens
Turkeys
Chickens

Turkeys

Ducks
Fio/cn chickens
Chickens
Chickens, cut up
Chickens

Tuikcys
Chic ens

joked products
Heal processed turkey lolls
( l e n t pioccssed turkey rolls

samples
nnaly7ccl

«115
25
SO
25
10
39

298
95
90

7218
146

55
4 120

! 19

•n
99

•19 fi
69

100
240

1240
157

17
18

Number

(1
2 1

2
5
5

187
61
28

326
•12

4
156

I 6

27

10
52
49
24

9
107
145
36

0
0

Percent

< 1
0

48
n
17
17
61
M
11

5
29
7

1 I

15

12

57
52

9
35
9

45
12
21

0
0

Country

S« (.den
IXnni.u k
Poland
1 n i k c y
Belg ium
1 i nice
Cic i m my
Nuhci Kinds
Umlcd Slates

Nether lands
West Gcim.iny
West Gcim.iny
5 Î urope.m

C ou nti les
Canada

Canada

West Gcim iny
Nuhcil .mds
Gicccc
C.m.ul.i
India
United Slates
Can. id i
Canada

Uni ted States
Umlcd Slates

Reference

I mulbcck (1974)
Stems et ni (1975)
Stems Hal (1975)
Siems a <il (1975)
Siems it ni ( 1975)
Siems il ni (1975)
Siuus il ni (1975)
Sicim a til (1975)
Compliollcr Gcncial of the

United Slates (1974)
Voelcn il ni ( 1974)
Ohcilwiiscr (1975)
Obcih.mscr (1975)
Commission of the Luropean

Communities (1976)
Consumers' Association of

Canada (1976)
Consumer Association of

Canada (1976)
Rcussc <t til (1976.0
v.in Scholhoist el nl (1976)
Vnssilt.idis cl til (1976)
Dintschacvcr ( 1977)
I'ramunk and K h a n n a (1977)
Cox <•/ al ( 1 978 )
Mclindc U »I (1978)
Pivmck et ni (1978)

liryan et al (1968e)
Zot lo laand Bust.» (1971)
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Annex V
FORTY-SECOND WORLD HEALTH ASSEMBLY,

PREVENTION AND CONTROL OF SALMONELLOSIS (295)

FORTY-SECOND WORLD HEALTH ASSEMBLE WHM2 .40

Agenda item 18.2 19 Hay 1989

PREVENTION AND CONTROL OF SALMONELUDSIS

The Forty-second World Health Assembly,

Acknowledging the work of the Organization in the prevention and control of
foodborne diseases, including those of zoonotic origin;

Concerned at the marked increase in foodborne infections in many countries,
particularly the incidence of human salmonellosis and other zoonotic enteric infections
due to the presence of causative agents in livestock and poultry;

Conscious of the need to protect human health from harmful agents in food products
obtained from infected animals;

Noting that international trade in infected feedstuffs, animals and their products
poses worldwide problems for human health;

Affirming that the control of these diseases depends on good hygienic practices in
the breeding, feeding and slaughtering of animals and poultry and the marketing of animal
products for human consumption; in the preparation, processing, distribution and storage
of food; and in the catering trades and in the home;

Taking into account the recommendations of the Codex Alimentarius Commission and of
various MHO meetings and expert committees on the subject;

1. URGES Member States:
(1) to intensify their epidemiological surveillance services for monitoring
critical points of production, processing, and marketing of animals and their
products with regard to salmonellosis and other zoonotic enteric infections;
(2) to strengthen efforts to control foodborne zoonoses through the application of
effective measures to ensure the quality of feedstuffs, animals, and their products;

(3) to take into account the relevant Codex standards and international codes of
hygiene practices in the development and implementation of food safety programmes;

(A) to foster intersectoral and community-based applied research projects with a
view to reducing health risks from animals and their products;

2. REQUESTS the Director-General:
(1) to develop further, in collaboration with FAO and other organizations, WHO's
activities for the promotion of hygiene in the production and marketing of animals
and their products;
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(2) to continue to assist Member States, in particular through the work of the
Codex Aliraentarius Commission, in the development of optimum microbiological and
hygiene standards for products of animal origin;
(3) to cooperate with: Member States in the development and dissemination of
information on the most effective practical veterinary and public health measures
for preventing and controlling salmonellosis and other zoonotic enteric infections;

(A) to report to the Executive Board and the Health Assembly on future activities
of the Organization regarding the prevention and control of salmonellosis and other
zoonotic enteric infections.

Thirteenth plenary meeting, 19 May 1989 -
A42/VR/13
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Annex VI

THE SALMONELLA CYCLE
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Annex VII
INVESTIGATIONS OF THE EFFECT OF IONIZING RADIATION ON THE

CONTAMINATING MICROFLORA AND PROPERTIES OF CHICKEN MEAT

Year 1st Author Irradiation dose Conclusion
1968 Idziak (188) 5 fcGy Extended shelf life at 5°C (14 days)

10-11 log reduction in the number of
viable Salmonella and Staphyloccocus;
Shifted the microbial population,
in some instances isolation of
microorganisms tentatively identified
asMoraxella andHerellea.

1969 Izdiak (189) 3.5 kGy Noticed simplification in the
microbial ecology pattern when
compared to non irradiated controls.

1974 Bakalivanov
(49)

1 - 3 kGy kGy was almost as effective as 3
kGy in prolonging storage life to 3
weeks, control carcasses became
unacceptable by the 10th day

1975 Grunewald (170) 2.5 - 8 kGy 75 deep frozen broilers were
irradiated and examined for sensory
changes during 2 years storage at
-30°C. No significant differences in
color, flavor, smell, consistency
and overall quality between
irradiated and non irradiated were
found.

1977 Milder (308) 2.5 kGy Dose reduced considerably the total
number of Salmonella on every
contaminated broi1er carcass, 2.5
kGy reduced naturally occurring
salmonellae by 2.5 cycles.

1979 Kahan (203) 2.5 kGy Combination of 2.5 kGy irradiation
dose and storage at 1.6°Cwas
adequate for a radurized chicken
process. The product was free from
microbial spoilage and of excellent
quality for at least 15 days and
in addition was essentially free from
Salmonella and other microorganisms
of public health significance.

1980 Fiszer (157) 2.5 & t> kGy L i t t l e effect of irradiation on fat
quality indices was observed.
Differences in sensory properties of
the irradiated broiler meat were of
only moderate practical significance.
Total plate count of chicken
decreased considerably as a result of
irradiation, then increased gradually
during storage.

137



Year 1 Author Irradiation dose Conclusion
1982 Kiss (212) 2 - 5 kGy Extended the keeping quality of

chicken meat 2-3 times without
noticeable deterioration of the
organoleptic quality, also was shown
to practically eliminate Salmonella
infection of the carcasses

1982 Ouwerkerk (323) 3 kGy El iminat ion of
be achieved by
the end of the

SaImone 11 a could best
treating poult ry at
processor's l i ne.

1982 Milder (309) 2.5 kGy Treatment reduced Enterobacteriacae
counts to low levels and considerably
reduced the incidence of Salmonella,
none were detected after 1 month at
5°C or 4 months at -18°C.

1984 Bok (66) 3; 4; 5; 7 kGy Irradiation eliminated Salmonel1 a and
other pathogens, sensory
characteristics of irradiated
chickens were good. At 4°C shelf life
was 3 days for non-irradiated, 13 for
those irradiated at 3 kGy and more
than 30 for those irradiated at 7 kGy

1985 Kiss (213) 0 - 8 kGy An irradiation dose of 3 - 5 kGy
gives a product of acceptable
microbiological and organoleptic
quality and of two packaging
materials, saran shrink film is the
more suitable.

1985 Lee (263) 5 - 10 kGy Sam Gei Tang prepared from chicken
at 8 - 10 kGy and stored 15 days was
similar to that prepared from fresh
chickens and steamed chicken was
superior when prepared from
irradiated 15-day old samples.

1985 Cho (79) 5; 8; 10 fcGy Ganrna irradiation could extend the
shelf life of chicken by 2-4 weeks

1985 Basker (54) 3.7 kGy The eating quality of leg meat was
satisfactory for at least 1 week and
decreased after about 3 weeks.
Breast meat changed but was
satisfactory for about 3 weeks;
decrease in quality was noticed
after about 4 weeks of storage.

138



Year 1st Author Irradiation dose Conclusion

1986 Klinger (221) 2; 3; 3.75; 4.5
kGy

Chicken became free of salmonellae,
coliforms & staphylococci and had
reduced bacterial counts, depending
on irradiation dose. Following chill
storage for about 4 weeks,irradiation
resistant Mjraxella spp. (D=0.83 kGy)
predominated. Extensive taste panel
tests showed that sensory quality of
meat immediately after irradiation
with about 3.7 kGy did not differ
from that of control samples.Sensory
differences developed on chilled
storage; the sensory quality of
irradiated meat decreased to an un-
acceptable level in about 3-4 weeks

1986 El -Husseiny
(119)

1 - 5 kGy The number of different groups of
spoilage micro organisms increased
progressively during chilled storage,
but the rates of increase in the
irradiated samples were lower than in
the untreated controls. The effect of
irradiation on decreasing the count
of pathogens was lower in frozen than
in chilled storage. No growth of
pathogens was observed after
treatment with 3.0 or 5.0 kGy.

1989 Hanis (172) 0.5,0.1,2.5,5.0
1.0-2.5 & 10.0
KGy

P.auroginosa was eliminated by
S.marescens by 2.5-5.0 kGy

typhimuriucn by 10.0 kGy.
radiation odor,
radiation dose

1.0

and
Characteristic
increasing with radiation dose and
temperature, was removed by heating
meat preparation. Radiation increased
acid and peroxide values and
partially destroyed thiamine and
riboflavin. Lower decreases in
fat indexes and less destruction of
vitamins were observed at lower
temperatures with irradiation; ami no
acid content was not affected by
the treatment.
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Annex VIII
ELECTROMAGNETIC RADIATION AND IONIZING ENERGY (438)

Electromagnetic radiation is a form of energy that moves
through space at the speed of light, with simultaneous variation
of the electric and magnetic fields.

Electromagnetic radiation in the vi s i b l e spectrum provides the
energy plants must have to grow and produce food products.
Electromagnetic radiation in the infrared range has been used
traditionally for broiling and baking. More recently,
electromagnetic radiation in the microwave range has been utilized
as a convenient source of radiant energy for cooking food quickly.
Ultraviolet radiation is effective against the majority of
bacteria and some moulds and viruses; it is used in the food
industry to k i l l airborne bacteria and bacteria on food surfaces.

Electromagnetic radiation occurs in a wide range of wavelengths
(fig. 35). The various named regions of the spectrum range from
radio waves, which have the longest wavelengths, through
television, radar, microwave and infrared radiation to light waves

INFRARED
RADIATION

__ RADIATION

OMMUNICATIONS BANDS /

MICROWAVES
%

RADAR

10' 10" \<f 10' 10' 10* 10' 10* 10' 10" 10" 10" 10" 10" 10" 10" 10" 10" 10" 10" 10" 10°

Frequency in Hertz (cycles per second)
i i i i i i i i

3x 3x 3x 3x 3x 3x 3x 3x
10' 10' 10' 10' 10' 10' 10' 10'

I I I I I I l T 1 I I T I 1
3x 3x 3x 3x 3x 3x 3x 3x 3x 3x 3x 3x 3x 3x
10' 10' 10' 10' 10* 10" 10' 10- 10* 10™ 10" 10" 10" 10"
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Photon Energy in Electron Volts

FIG. 35. Frequency, wavelength and photon energies of the major part of the electromagnetic
spectrum (438).
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in the v i s i b l e range, which have short wave lengths. From lig h t
waves, the spectrum continues through ultraviolet radiation,
to X-rays, and gamma radiation in the very short wavelengths.

Electromagnetic radiation occurs in units called quanta or
photons. The shorter the wavelength, the greater is the quantity
of energy in one quantum or photon, \\hen the quantity of energy in
a quantum exceeds the energy that binds adjacent atoms in a
molecule, the absorption of this energy can break the chemical
bond and cleave the molecule into smaller fragments that may be
either electrically charged (ions) or neutral (free radicals).
Visible light has this tendency to a smaller degree; it can break
only the weakest bonds. Ultraviolet, X-rays, and gamma
radiation are able to break the stronger bonds and even to expel
electrons from atoms. They are known for this reason as ionizing
radiation or ionizing energy.

The depth to which v i s i b l e l i g h t and ult r a v i o l e t radiation
penetrate in most solids is of the order of 1 micron or 0.00004
inch. X-rays and gamma rays penetrate deeply. Those with energies
between about 0.15 and 4 million electron volts will penetrate
about 30 centimenters (1 foot) of water. Fast charged particles,
such as electrons, also have enough energy to cleave molecules as
they penetrate foods. Accelerated electrons with an energy of 10
million electron volts will penetrate to a depth of about 4
centimeters (1.6 inch) in unit density materials.

Ionizing Energy Level, Pose and Effect.

The energy level of individual energy units or photons, the
dose or amount of ionizing energy absorbed by food, and the effect
of the absorbed energy are all involved in the interaction of
ionizing energy with food. The di stinction must be appreciated to
obtain a basic understanding of the subject.

The energy of individual photons is commonly expressed in
-20electron volts. One electron volt is equivalent to 3.84 x 10

-23gram calorie or to 3.84 x 10 diet calorie of energy. Reference
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to the scale for photon energy in fig. 8 wi 11 show that in moving
from left to right, the energy of 1 photon increases tenfold
between succeeding scale marks. The amount of energy delivered by
one photon increases as the wavelength decreases. Individual
photons in the band of visible radiation have energy less than 3.1
electron volts, whereas the maximum energy of a single photon of
garnna radiation from cobalt-60, one of the two standard sources
for food processing, is 1.33 million electron volts. Therefore the
quantity of energy inherent in the most energetic photons of gamma
radiation from cobalt-60 is more than 1,330,000/3.1 or 429,000
times as great as that in one photon of energy in the range of
visible 1ight.

In practice, many photons of energy are involved. The dose, or
amount of energy absorbed, is given by the product of the energy
of one photon and the number of photons absorbed.

In this monograph the dose or amount of ionizing energy
absorbed by poultry is expressed in grays. One gray is equivalent
to 0.24 gram calorie or 0.00024 Calorie (diet calorie) per
kilogram of food. One kilogray is 1,000 grays.

To obtain equal doses of energy, from electromagnetic radiation
differing in wavelength,requires more photons of long-wavelength
radiation than of short-wavelenth radiation. Equal doses, however,
will not have equal effect if the energy of the individual photon
differs. Photons with insufficient energy cannot rupture chemical
bonds, no matter how many are absorbed, providing that the rate of
absorption is low enough to permit dissipation of the heat energy.
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Annex IX
THE CODEX GENERAL STANDARD FOR IRRADIATED FOODS

(143, 235, 244, 246)

A.I. Scope and general requirements
The scope of the General Standard indicates that it refers only

to foods processed by ionizing radiation and not to those exposed
to radiation from measuring instruments. Its general requirements

indicate that gamma rays from Co or Cs sources, X-rays from

machine sources operated up to 5 MeV and electrons from machine

sources operated up to 10 MeV, can be applied in this process.
Although the standard is intended to cover only those aspects

which are thought to require regulatory control in connection with

foods moving in trade, certain aspects relating to the irradiation
facility have also been included which cannot, as yet, be checked
on the food offered for sale (345). As treatment with ionizing
radiation does not alter the nature, freshness or actual state of

the poultry (as is the case with most fresh foods), but endows it

with certain additional desirable properties, e.g. improving

hygiene or prolonging storage life, the application of Codex or

national standards relating to poultry quality, hygiene, weights
and measures, labelling, etc., to irradiated poultry is not

affected. In fact, such standards exist for practically all foods
suitable for treatment by irradiation. Some of these standards are

international standards (e.g. Codex, OECD, UN/ECE, ISO, etc.),

others are national standards of quality or safety. International

as well as national standards exist for hygiene quality or safety,
labelling, purity, packaging, and other aspects covered in food
regulations. In fact the Codex General Standard for Irradiated
Foods assumes that foods prior to and following irradiation are in

conformity with such existing standards and have been produced

under good manufacturing practices.

A. 2. Absorbed dose
The Codex Standard incorporates the JECFI recommendation that

the overall average dose absorbed by a food processed by
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irradiation should not exceed 10 kGy. This level is of an advisory
nature and is not to be interpreted as meaning that all foods are
to be irradiated up to that level . Each food cornnodity should be
irradiated according to the technological need and examples of
technological conditions for the irradiation of a number of food
items, considered by the JBCFI reports, were presented in Annex B
to the Code of Practice (144).

In the case of chicken this Annex states that the purposes of
the irradiation are: a. to prolong storage life and/or b. reduce
the number of certain pathogenic microorganisms, such as
Salmonella. The average dose required is up to 7 kGy.

It is emphasized that the upper value of 10 kGy should not be
regarded as a toxicological upper limit, above which irradiated
foods become unsafe for human consumption; it is simply that level
at, or below which, the wholesomeness of irradiated food has been
established by JBCFI and which would cover most technological
purposes for which food might be irradiated.

A.3. Other requirements

The Standard includes a number of requirements for Facilities
and Control of the process, such as licensing and registering for
this purpose by the competent national authorities, design to meet
demands of safety, efficacy and good hygienic practices of food
processing, adequate staffing by trained and competent personnel,
keeping of adequate records, including those of quantitative
dosimetry, and control in accordance with the Code of Practice
(144). As regards considerations of hygiene of irradiated foods, it
also requires compliance with the provisions of the Recommended
International Code of Practice - General Principles of Food Hygiene
(Ref. No. CAC/RCP 1-1969, Rev 1, 1979) and where appropriate, with
the Recommended International Code of Hygienic Practice of the
Codex Al imentarius, relating to the particular food. It also
requires observation of any relevant national public health
requirements affecting microbiological safety and nutritional
adequacy, applicable in the country in which the food is sold.
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As a condition for irradiation it is required that the process
be justified only when it f u l f i l l s a technological need or serves a
food hygiene purpose , and should not be used as a substitute for
CM?. It is also required that the dose be commensurate with the
technological and public health purposes to be achieved and in
accordance with good radiation practice (GRP). Similarly, food and
their packaging material s should be of suitable quality, acceptable
hygienic conditions, and appropriate for this purpose, and should
be handled, before and after irradiation, in accordance with QMP,
taking into account the particular requirements of the process
technology.

One general requirement has been formulated in the Standard in
respect of re-i rradiat ion, which is permitted in certain
circumstances. In relation to poultry it could be permitted when a
food (soup powder, for instance) containing less than 5% of
irradiated chicken, has to be irradiated, or when the full dose
required to achieve the desired effect is applied in fractions, as
part of processing for a specific technological purpose. However,
the total accumulated overall average dose absorbed should not
exceed 10 kGy.

A.4. Control and labelling

Since no satisfactory method has been developed yet, to ensure
quantitative demonstration or detection of the dose which foods
have absorbed, despite considerable research effort, control of
irradiated foods can only be done in the irradiation plant, and for
this purpose the Recommended International Code of Practice for
the Operation of Irradiation Facilities Used for the Treatment of
Foods (144), is intended to be read in conjunction with the Codex
General Standard. It contains guidelines on parameters to be
controlled in facilities based on radionuclides and machine
sources, and on dosimetry before and during irradiation, as well as
on product and inventory control (see section 7.10).

Obviously, only careful monitoring and recording of the
different parameters and their certification on documents
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accompanying shipment of irradiated food commodi t ies, will ensure
satisfaction of consumers and customer control authorities as to
strict conformance with the Codex General Standard and its
requi rement s.

In addition to inventory control by means of shipping documents
(for both prepackaged or bulk food) identifying the registered
irradiation facility, the date of treatment, the lot, and the
irradiation parameter, some form of labelling is required for
direct consumption. This labelling should be in accordance with the
relevant provision of the Codex General Standard for the Labelling
of Prepackaged Foods (245, 248), as amended by the Codex
Alimentarius Conrnission in 1991 and the Codex General Standard for
Irradiated Foods.

A.5. Recommended International Code of Practice for the Operation
of Radiation Facilities Used for the Treatment of Foods (144, 250)

A. 5.1. Introduction

The code refers to continuous or batch type facilities, using
her or radionuclides ( Co

generated from machine sources.

se\ -i ̂ yfj
either or radionucl ides ( Co or Cs) or electrons and X-rays

A.5.2. Control of the facility

The code recognizes a number of critical facility parameters
which determine the dose adsorbed by the product. These are the
radiation parameter itself, the dwell time (or the conveyor speed),
the bulk density of the product in its packaging, the
source-product geometry (especially the distance between them), and
various measures to increase efficiency of radiation utilization
and homogeneity of dose distribution.

As regards radionuclide sources, statement of the source
material and source strenth by the supplier are requested and so is
the periodic dated recording of the actual activity of the source
(changed by natural decay rate and periodic replenishments).
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Another requirement is a well shielded storage position for the
source when not in use (separate from the treatment area), as well
as a positive indication of the correct operational and safe
storage position of the source, interlocked with the product
movement system.

As regards electron and X-ray beams, adequate recording of
average beam energy and power is required as well as a positive
indication and recording of the correct setting of all machine
parameters, interlocked with the conveyor system. Such parameters
should include conveyor speed, scan width and frequency (and beam
pulse frequency, where applicable).

A.5.3. Dosimetry and Process Control (253, 259}

A.5.3.1. Commissioning dosimetry

Demonstration of process compliance to regulatory requirements
demands measurements of the dose absorbed by the product using a
recognized and calibrated system of dosimetry and a complete record
of all measurements.

An overall average absorbed dose term has been defined which can
be determined in the course of dosimetry comni ssioni ng
measurements. These have to be made for each new food, density,
irradiation process, or change in source strength or type, or
source-product geometry. To achieve this, an adequate number of
dose meters must be distributed strategically and at random
throughout the product volume. The overall average dose is
calculated from the dose distribution.

From the values obtained, the position of maximum and minimum
dose are determined, and so i s a reference position, the dose in
which may not coincide in value to one of the above values, but
must bear a definite and fixed relation to the overall average dose
for a particular product, packaging or source to product geometry.
The overall average dose can be calculated in some cases from the
mean values of the average values of the minimum and maximum
doses.
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The minimum and maximum dose levels will be of significant
importance for process control, the minimum value being critical to
ensure treatment efficacy, whereas the maximum value may be
critical in some food products from the view point of thresholds of
undesirable organoleptic or other quality changes or of permitted
overall average dose. The Code indicates that facility design and
plant parameters have to take the above into account. As regards
the maximum dose level, it is required that in the case of the
maximum permitted overall average dose value - 10 kGy - only less
than 2.5% of the product mass fraction may receive an absorbed dose
equal to or exceeding a 50% higher level (i.e. 15 kGy).

A. 5.3.2. Routine dosimetry

The Code requires performance of routine dosimetry during
operation of the process and complete recording of the dose
measurements in parallel to measurements and recording of critic a l
facility parameters such as conveyor speed or dwell time, source
exposure time or machine beam parameters. The recording of these
measurements is considered to be supporting evidence to satisfy
regulatory requirements.

The dose measurements, using a recognized and calibrated system
of dosimetry, can be performed in a reference position, of known
and constant association to the overall average dose in the
particular product, and under the associated facility parameters.
A.5.3.3. Process control

Automatic recording of conveying speed or dwell time, and of
source and product positioning, will provide satisfactory control
of the process, in continuous radionuclide facilities in support of
routine dosimetry measurement.

Automatic recording of source exposure time, and of product
placement and movement, will provide satisfactory continuous
control of the process in batch type radionuclide facilities, in
support of routine dosimetry measurement s.

A continuous record of beam parameters and of conveyor speed
through the beam, will provide satisfactory continuous control of
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the process in machine facilities, in support of routine dosimetry
measurement s.

A.5.3.4. Good radiation processing practice (GRP)

GRP is considered to be respected when the following critical
process parameters are observed during facility design:

opt imalisat ion of dose uniformity (to avoid unnecessary
overdosage)

- assurance of appropriate dose rate (where relevant)
- assurance of appropriate temperature and atmosphere control

(during irradiation, when necessary, such as in the case of chilled
and frozen foods or in certain oxidation sensitive fresh foods), as
we 11 as

assurance of minimum mechanical damage or stress during
conveying, irradiation and pre- and post- irradiation storage of
the product (when necessary).

Also essential is the need to comply, where necessary, with
special standards of hygiene or temperature control, (particularly
of relevance to the case of poultry) and, of course, it is also
desirable to ensure maximum efficiency in the use of the
i rradi ator.
A.5.3.5. Product and inventory control

The Code specifies some additional critical requirements which
include physical separation between nonir radiated and irradiated
products, maintenance of records of product nature and kind, of
identifying marks (if packed) or of shipping details (if not), and
of bulk density, as well as the recording of facility parameters
such as type of source or machine, dosimetry, dosimeters used,
calibration data, and date of treatment.

Another requirement is compliance of handling procedures of
products before and after irradiation with accepted CM*, taking
into account the particular requirements of process technology for
the product being treated. Thus, suitable refrigerated or frozen
storage facilities will usually be required, particularly in the
case of poultry irradiation.
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Annex X
ANALYTICAL METHODS EXAMINED FOR THEIR POTENTIAL

WITH REGARD TO IDENTIFICATION OF IRRADIATED CHICKEN (101)

Dose range (kGy)
5 - 90
0.5 - 20

5
0.5 - 80
2.9

5
1 - 16

0.5 - 20
5

5 - 200
0.6 - 50
2 - 5
1 - 25

10
30 - 50
0.1 - 40

5 - 200
0.6 - 50

60
0.6 - 50
5 - 10

10
4

0.5 - 5

Ivfethod
gas chrcmatography ,
lipid derived products
gas chromatography ,
lipid derived products
gas chromatography,
2-al ky 1 cyclobutanone
gas chrcmatography,
o- tyrosine
gas chromatography,
o- tyrosine
gas chromatography,
lipid derived products
o- tyrosine
gas chromatography
o- tyrosine
HPLC, o-tyrosine
HPLC, nucleic acis bases
ion-exchange chromatography
liquid chromatography
nucleic acids
liquid chromatography
lipid derived products
colorimetry, SH-groups
colorimetry, SH-groups
electron spin resonance in
bone
electron spin resonance in
bone

high voltage elect rophoresi s
polyacrylamide gel
elect rophoresi s (PAjE)
SDS-PAjE
enzyme activity, protease
fluorimetry, thymine glycol
fluorimetry, thymine glycol
fluorimetry, flow cy tome try
gradient cent r i fugat ion,
nucleic acid
chemi 1 uminescence, in dry
soup

Sui tabi 1 i ty
+
++

•++
+

-

-

+
+

?
. ?

-H-

+
-

+

++

-

-
-
+
-
-
?

+

Reference
287, 289, 290

280, 281
282, 60, 70
365
209, 210
175

60
388
280, 281,
282, 284
184
327, 328
1

60, 280, 282

367, 369
44
322

112, 113, 114
106, 165, 167
185, 262, 279
363, 364
327, 328

1, 214

287, 377
1

330, 331
102, 348
359
1

128
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Dose range (kGy)
10
10
10

0.5 - 80
2.9

1 - 16
5
5
5

2.5 - 5
1.5 - 2.5?

4

Nfethod
chemi 1 irnii ne scence, in frozen
meat
chemi luminescence, in frozen
car t i läge
chemi 1 uni ne scence, in bone
mass spec t remet ry,
o- ty rosine
mass spec t romet ry ,
o- ty rosine
mass spec t romet ry,
o- ty r os i ne
mass spec t romet ry,
o- tyrosine
mass spec t romet ry, lipid
derived products
mass spec t romet ry,
2-alky Icyclobutanones
microbiology, Limulus test
microbiology, shift in flora
microbiology,
radioresi stance
thermal analysis, DSC

Sui tabi 1 i ty
-
7

-
+

-

++

++

+
+
+
.9

Reference

67, 181
67, 181
67, 181
209, 210
175
388
70
70
366
185, 278, 104
104
84

344, 211
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Annex XI
POTENTIAL OF ESR WITH REGARD TO IDENTIFICATION OF

IRRADIATED POULTRY (OTHER THAN CHICKEN) (101)

Product

duck
goose
turkey

ft

*
Dose range

1 - 10
1 - 10
1 - 10
3 - 7

Method

electron spin resonance in bone
M it n

H Tt tt

- " - in bone fragments

Sui tabi 1 i ty

-H-
-H-
++
-H-

Re ference

114, 262
114, 262
114, 262
166

* In kGy
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GLOSSARY (438)

Accelerator. In food processing with ionizing energy, a device for

producing beams of electrons with high speed and energy.

Carcinogen. A substance or agent that may inducer cancer.

Chemiclearancc. Regulatory clearance of a particular use of ionizing

energy on a particular food on the basis of knowledge of the

radiolytic products produced and an evaluat ion of the effect of

these products on the safety of the food for human consumption.

Decimal reduction dose. The dose (D) of ionizing energy needed to

reduce a population (e.g. of bacteria) by a factor of 10, or one log

cycle, leaving as survivors 10% of the original population. See 12D

dose.

Dose. The amount of ionizing energy absorbed per unit mass of

material. In food processing and preservation, low doses are below 1

kilogray, intermediate doses are between 1 and 10 kilograys and high

doses are above 10 kilograys.

12D dose. The dose sufficient to reduce the number of viable
12Clostridium botulinum spores by a factor of 10 , required for

sterilization of foods by ionizing energy (radappertization).

Dosimeter, (also Dose meter) A device for measuring dose.

Dosimetry. The process of measuring dose.

Electron. A negatively charged particle that is a constituent of all

atoms.

Electron volt. The amount of kinetic energy gained by an electron

accelerated through an electric potential difference of 1 volt . One

electron volt equals 1.6x10 joule. One electron volt absorbed per

per gram is equivalent to a dose of 1.6x10 gray.
Free radical. A molecular enti ty wi th an unpaired electron in the

outer orbit of an atom. A free radical is formed by the cleavage of

a molecule upon reaction with another reactive chemical en t i ty or

upon absorption of sufficient energy from either an energetic photon

or a fast moving particle.
Gamma ray. A quantum or unit of short-wavelength electromagnetic

radiation produced when an unstable atomic nucleus gains stability

by release of energy.
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Gray. A un i t of absorbed dose of ion iz ing energy. It is equivalent
7 18to 1 joule, 10 ergs, 6.25 x 10 electron volts, or 0.24

gram-calorie , all per k i l og ram. It replaced an older u n i t , the rad

{radiat ion absorbed dose). One gray is e q u i v a l e n t to 100 rad.
Half life. The t ime required for a radioactive source to decay to

one ha l f of its or iginal rad ioac t iv i ty . The ha l f l i f e of Cobalt 60

is 5.27 years, and the h a l f l i f e of cesium 137 is 30.3 years.

High dose. In food processing, doses of 10 k i lg rays or more.

Induced radioactivity. Radioactivi ty resulting from exposure to
i on iz ing energy.

Ion. An isolated electron or positron or an atom or group of atoms

bearing an electrical charge, e i ther positive or negative, caused by

an excess or def ic iency of electrons.

Ionisation. Creation of ions by forming units of one or more atoms

bearing positive or negative charges as a result of a def iciency or

excess of electrons.

loni/.ing energy. In food processing, h igh speed electrons from

mach ine sources or rad ian t energy from x-rays or g a m m a rays. The

standard g a m m a ray sources are cobalt-60 and ccsium-137
Irradiation. The process of applying any k i n d of radiant energy. In

the context of processing, it means to expose to ionizing energy

supplied by gamma rays from cobalt-60 or cesium-137, by accelerated

electrons wi th energy less than than 10 m i l l i o n electron volts, or

by x-rays w i t h energy less t han 5 m i l l i o n electron volts.

Isotopes. Atoms of a given chemica l e lement having in the nucleus

the same number of protons but different numbers of neutrons.

Isotopes tha t arc radioact ive are termed radionucTidcs.
7

Joule. A un i t of work or energy equiva lent to 10 ergs or

approximate ly 0.7375 foot-pound.

Low dose. In food processing wi th ioni / ing energy, doses less than 1

ki logray.
Medium dose. In food processing w i t h i o n i / i n g energy doses from 1 to
10 ki logray. In ear l ier l i t e ra tu re , t h i s dose range (subst cruiz ing)

was included in the low dose range.
Mutagcnicily. The capacity to induce mutations or heritable genetic

changes.
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Organoleptic. Affecting or employing one or more of the organs of

special sense, e.g. taste and smell.

Overall product density. Apparent density of product in f ina l

packaging

Photon. A quantum of electromagnetic energy.

Poultry. Any domesticated bird such as chicken, turkey, duck, goose,

guinea fowl, quail or pigeon.

Radappcrtization. Treatment of food wi th a dose of ioniz ing energy

sufficient to prevent microbial spoilage or toxicky of microbial

origin, no matter how long or under what conditions the food is

stored after treatment, provided that the food is not

recontaminated.
Radiation. Radiant energy. Any form of energy radiating from a

source, such as sound waves, electromagnetic waves (including radio

waves, microwaves, radar waves, infrared rays, visible 1'ght,

ultraviolet rays, x-rays, and gamma rays) and subatomic particles

(including alpha particles and beta particles). In food processing

the term is l imi ted to gamma rays, x-rays and electron beams.

Radiation absorbed dose (rad). An outdated term for absorbed dose.

One rad is equivalent to 100 ergs of absorbed energy per gram. One

gray is equivalent to 100 rad,
Radacidation. Treatment of food with a dose of ionizing energy

sufficient to reduce the number of viable nonsporeform ing colony

forming units (CPU) of bacteria to such a level that none is

detectable in the treated food when it is examined by any recognized

bacteriological testing method. Such t reatment also inactivates food

borne parasites.

Radioactivity. The property possesed by some elements of

spontaneously emitt ing radiation, such as alpha particles, beta

particles, or gamma rays, from the nuclei of the atom.

Radiolytic. Related to the chemical decomposition as a result of

exposure to radiation.

Radionuclide. An unstable form of an element that decays or

disintegrates spontaneously, emit t ing radiation. Replaces the older

term, radioisotope.
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Radurization. Treatment of food with a dose of ionizing energy

suff icient to enhance its keeping quali ty by causing a substantial

reduction in the number of colony forming units (CPU) of spoilage

microorganisms.

Sievert. The dose of ionizing energy that produces the same

biological effect on humans as a dose of one gray from X-rays, gamma

rays or fast electrons. It replaces the older term, roentgen

equivalent man (rem). One sievert is equivalent to 100 rem . For

other forms of ionizing energy, the relationship between the sievert

and the gray is not 1 to 1.
Teratogenicity. The abili ty to cause developmental malformations and

monstrosities in the progeny of the exposed individual.

Unit prefixes. Pico (10 ), nano (10 ), micro (10 ), mill i

(10~3), ki lo (103) and mega (106).

X-ray. A short wavelength electromagnetic radiation produced when

high energy charged particles (usually electrons) strike a metal

target.

Wholesomeness. Foods processed with ionizing energy are generally

considered wholesome when harmful microorganisms and microbial

toxins are absent, when the ionizing energy has produced no

measurable toxic effect or radioactivity, and when the food presents

no significant nutritional deficiency relative to the same food that

has not been processed with ionizing energy or has been processed by

conventional methods.
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