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LIMITATION DE LA SALMONELLE ET D'AUTRES MICRO-ORGANISMES

PATHOGÈNES ET RESPONSABLES DE LA DÉTÉRIORATION DE LA VIANDE DE VOLAILLE

PAR L'IRRADIATION GAMMA ET ÉLECTRONIQUE: UN EXAMEN

par

Harwant Singh

La contamination de la viande de poulet par la Salmonelle est un grand
problème de santé publique qui entraîne la maladie et la perte de producti-
vité. Les méthodes modernes de production en série augmentent la diffi-
culté de limitation de la Salmonelle. Les traitements actuels recommandés,
le lavage à l'eau chlorée ou la pasteurisation à des températures élevées,
ne sont pas satisfaisants. Dans le cas de la pasteurisation, le produit
final est cuit en partie et, dans le cas du lavage à l'eau chlorée, la peau
de la volaille se décolore si on utilise trop de chlore et il y a risque de
formation de composés chloro-organiques toxiques. De plus, le lavage à
l'eau chlorée n'élimine pas tout à fait la Salmonelle. Le traitement par
irradiation à de faibles doses est beaucoup plus efficace pour la limita-
tion de la Salmonelle et présente un autre avantage qui est de préserver la
fraîcheur du produit.

L'irradiation de carcasses, de morceaux ou de viande désossée de poulet
frais à une dose de 2,5 kGy semble suffire pour éliminer la contamination
naturelle par la Salmonelle qui existe en général à une fréquence très
faible en Amérique du Nord (1 à 30 cellules/100 g). Pour éliminer la
Salmonelle dans le poulet congelé, il faut l'irradier à des doses supé-
rieures à 2,5 kGy. La gamme de valeurs D10, pour les différents sérotypes
de Salmonelle examinés, est large, la valeur la plus élevée étant 0,72 kGy
pour S. oranienberg à 22°C. Par conséquent, une dose de 2,5 kGy dimi-
nuerait d'un facteur 104 le sérotype de Salmonelle le plus résistant à
l'irradiation et d'un facteur de plus de 106 les sérotypes les plus communs
(valeurs D10 de 0,3 à 0,4 kGy). En outre, il semble qu'une dose de 2,5 kGy
suffit pour éliminer d'autres pathogènes bactériens comme, par exemple, le
Campylobactor jeluni et le Yersinia enterocolitica.

On prolonge la durée de conservation microbiologique (6 à 11 d) des car-
casses ou de la viande désossée de poulet frais d'un facteur 2 à 3 en
l'irradiant à une dose de 2,5 kGy et en le conservant ensuite en magasin à
une température de 1 à 4°C.

Dans le cas de la radappertisation (à une dose de ^45 kGy à -30°C), la
durée de la conservation en magasin de la viande de poulet à enzymes inac-
tivées s'étend à plusieurs années si on la conserve à des températures
ambiantes (environs 20°C).

EACL Recherche
Laboratoires de Whiteshell
Pinawa, Manitoba ROE 1L0

1992
AECL-10635



CONTROL OF SALMONELLA AND OTHER PATHOGENIC AND SPOILAGE MICROORGANISMS

IN POULTRY BY GAMMA AND ELECTRON IRRADIATION: A REVIEW

by

Harwant Singh

ABSTRACT

Salmonella contamination of chicken is a major public health concern,
causing sickness and loss of productivity. Modern, concentrated production
methods increase the difficulty of Salmonella control. The current and
suggested treatments with chlorinated water or heat pasteurization are
unsatisfactory. In pasteurization, the end product is partially cooked,
and in the chlorine water wash the poultry skin gets bleached if too much
chlorine is used. There is also a risk of formation of toxic chloro-
organic compounds. Further, the chlorine water wash does not completely
eliminate Salmonella. Low-dose radiation treatment is much more effective
for the control of Salmonella and has the additional benefit of preserving
the freshness of the product.

Irradiation of fresh chicken carcasses, pieces or deboned chicken meat with
a dose of 2.5 kGy appears to be sufficient to eliminate naturally occurring
Salmonella contamination, which is generally present in extremely low
numbers on this continent (1 to 30 cells/100 g). For elimination of
Salmonella in frozen chicken, doses higher than 2.5 kGy are required.
There is a large range of D10-values for the different Salmonella
serotypes that have been tested, with the highest being 0.72 kGy for
Su_ oranienberg at 22°C. Thus the 2.5-kGy dose would reduce the most radio-
resistant Salmonella serotype by four orders of magnitude, and the most
common serotypes (with D10-values of 0.3 to 0.4 kGy) by greater than six
orders of magnitude. The 2.5-kGy dose also appears to be sufficient to
eliminate other bacterial pathogens, such as Campylobactor jejuni and
Yersinia enterocolitica.

The microbiological shelf life of fresh chicken carcass or deboned chicken
meat (6 to 11 d) is extended by a factor of 2 to 3 with irradiation to a
dose of 2.5 kGy followed by storage between 1 and 4°C.

In radappertization (at a dose of ^45 kGy at -30°C), the shelf life of
enzyme-inactivated chicken meat is extended to years, on storage at ambient
temperatures (~20°C).
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1. INTRODUCTION

Poultry makes up a large component of meats consumed in the world. This
component is on the increase with the ongoing decrease in the consumption
of red meats as a result of the concern over the ingestion of cholesterol.
Therefore, any health problem associated with poultry consumption is of
great concern. Salmonella contamination of poultry is a major problem
since it is an important source for human infection, salmonellosis (Foster
et al. 1970, Salmonella Coordinating Unit Report 1981, Curtin 1984).
Poultry-associated salmonellosis costs the Canadian public -$21 million per
year. In Canada, poultry is responsible for only ~25% of the salmonello-
sis; in warmer countries this percentage is likely to be much higher.

Currently used control measures against Salmonella contamination have not
eliminated the problem, because it arises from a multicomponent system
(from the hatching of chicks, through the processing of chickens, to their
distribution at the consumer level) that would require a very concerted
effort to achieve control over contamination. Although reduction in the
incidence of Salmonella in chicken flocks going to the processing plants
can be achieved by reducing or eliminating Salmonella in feed, and by
better hygiene control during rearing, the sources of Salmonella infection
are so varied that complete elimination is not considered possible. Some
form of treatment for the control of Salmonella in chicken carcasses is
therefore needed, even with better control of Salmonella in live chickens
before processing. The current methods of control of Salmonella at the
processing level, including a chlorine water wash, are not adequate, since
the incidence of occurrence of Salmonella in dressed chicken and turkey is
about 50-60? (Curtin 1984). In the processing plant itself, it is very
difficult to get rid of Salmonella once it contaminates the equipment.
Thus the processing plants themselves are potential sources of infection
for dressed chicken.

Irradiation of dressed chicken provides an effective method for elimination
and control of Salmonella. A list of the countries where irradiation of
poultry and poultry products has been approved is given in Appendix A (Food
Irradiation Newsletter 1987 and 1991). The Salmonella Control Committee
set up in Canada in 1980 (Curtin 1984) found this process to be economical
for large processing plants (̂ 10 000 tonnes/year).

Irradiation of dressed chicken with low doses (-2.5 kGy) gives a product
with an extended shelf life, good nutrient retention and good organoleptic
qualities (Singh 1988a). However, there are conflicting reports on the
quality of chicken irradiated at a dose of 5 kGy or greater. Most of the
work reported in the literature has been done with gamma irradiation, with
very few references to electron irradiation.

More recently, pathogens other than Salmonella have also been recognized
(Butzler and Skirrow 1979, El-Zawahry and Rowley 1979, Lambert and Maxcy
1984, Genigeorgis 1986) as being present in dressed chicken, e.g.,
Campylobacter jejuni. These also pose health hazards to humans. However,
these pathogens are generally more radiation-sensitive than Salmonella and
thus would also be effectively controlled by irradiation.
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For this review, which is intended to reflect the technical status of
chicken irradiation, a wide spectrum of relevant literature has been
studied, including that on sources of Salmonella and methods for the
control of Salmonella and other pathogens. The question of distribution of
Salmonella in chicken (surface vs. uniform distribution in muscle) is the
subject of a separate study and is not discussed in this report (Singh et
al. 1989). The basic aspects of radiolysis and chemical aspects pertaining
to food irradiation have been described in previous reports (Singh 1987a,b,
1988a) and therefore are not discussed in this review. Basically, all the
radiation effects are initiated by the primary free radicals, such as the
hydroxyl radical from water. Many secondary radicals are then formed
(Simic 1983, Taub 1983), such as the long-lived radicals seen by Merritt
(1984) at -40°C or lower temperatures, by electron spin resonance spectros-
copy, before the final radiolytic products are formed. This topic was
reviewed in an earlier report (Singh 1988a).

2. SALMONELLOSIS

Salmonellosis is one of the most important communicable diseases in the
world. There are an estimated 2 million human cases annually in the U.S.A.
(Foster et al. 1970), although the actual number of reported cases is only
between 2000-3000 annually (Pivnick and Nurmi 1980). The incidence of
human Salmonella infections in Canada averages about 8500 annually (Curtin
1984), although the epidemiological evidence (Todd and Pivnick 1974) and
the expert opinion (Curtin 1984) point to between 400 000 and 500 000 human
cases per year. It is very difficult to compare the prevalence of human
salmonellosis across countries because of differences in reporting systems
and levels of public awareness. Though the cases are many, the number of
mortalities due to salmonellosis is probably low; the main cost is in lost
time and human suffering. Todd (1989) reported that even though the inci-
dences of microbiological origin in Canada, in 1984, were primarily caused
by Salmonella (67.2%), there was only one recorded death fror.i
salmonellosis. The type of food implicated, however, was not specified.

2.1 MAGNITUDE OF THE PROBLEM

Salmonellosis is responsible for substantial costs in the form of medical
care, hospitalization, and lost income through absence at the work place.
Contamination from poultry is one of the major sources of Salmonella in
human infection. The cost of testing and control programs to the food-
processing industry, for remodelling plants and equipment, and for recall
of contaminated products inadvertently placed on the market is large
(Foster et al. 1970).

It is difficult to determine precisely the total cost of salmonellosis to £
country's economy. On the basis of a few known examples, the total annual
cost in the U.S.A. is estimated to be U.S. $300 million (Foster et al.
1970). The estimate for Canada is $25 to 100 million annually (Bowmer
1977). Salmonellosis is primarily a foodborne disease (Vernon 1970,
Genigeorgis 1986). Its prevention and control require the attention of the
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food-production, food-processing and food-service industries, public health
workers, regulatory agencies, physicians, hospital employees, veterinar-
ians, laboratory personnel and others, including the consumer.

2.2 THE CAUSAL ORGANISM

Salmonellosis is an infection caused by bacteria of the genus Salmonella.
All members of this genus are potentially pathogenic for humans as well as
other vertebrate animals (Banwart 1979). The transmission of the disease
is usually from animal to humans by the ingestion of food of animal origin.
Also, there is direct transmission from human to human and from human to
animal. The native habitat of Salmonella is the intestinal tract, but they
easily spread to other environments where they may survive and even multi-
ply. V/hen ingested by a susceptible host, the salmonellae can cause a
variety of disease syndromes, or they may simply multiply without eliciting
clinical signs of disease. Such "asymptomatic carriers" can spread the
infection as effectively as an individual who is clinically ill.

While some of the salmonellae found mainly in humans (e.g., Ŝ_ typhi,
causing typhoid and paratyphoid fevers) have been successfully controlled
by public health measures (such as vaccination), others that reside in
multiple hosts are not that easily controlled (Banwart 1979). This latter
group, sometimes known as unadapted serotype, includes some 1300 (Foster et
al. 1970) to 1800 (Curtin 1984) distinct serotypes of SL_ enteritidis that
seemingly attack humans and other animals with equal ease and have no
evident host preference. An increase in the number of these serotypes is
being reported as further research continues. In humans, the disease typi-
cally consists of gastroenteritis beginning 6 to 2A h after ingestion of
the organisms. Infection is normally localized in the intestine, but blood
stream invasion can also occur. The usual vehicle of infection is contami-
nated food. Acute symptoms of disease include nausea, stomach ache, vomit-
ing, diarrhoea, cold chills, fever and exhaustion. The symptoms of disease
normally persist for 2 to 6 d, but in exceptional cases for several weeks.
The severity of the disease depends on the age and the overall condition of
the person, the organism, the number of cells absorbed, the serotype and
the strain. Babies, young children, aged people and persons with delicate
health are most sensitive to salmonellae (Anon. 1965a, 1969, 1971, 1976;
Morse and Duncan 1974; Van Schothorst et al. 1978).

The total number of salmonellae cells required to trigger clinical symptoms
of disease varies from person to person and from one Salmonella serotype to
another (McCullough and Eisele 1951a,b,c). It has been reported that
~5.0 x 107 cells of some strains of Salmonella anatum and Salmonella
meleagridis were necessary (McCullough and Eisele 1951a), while about
1.3 x 105 cells of Salmonella bareilly and Salmonella newport (McCullough
and Eisele 1951b) proved sufficient to cause the disease in humans. Except
for one report on infection by Salmonella muencher. (Silverstolps et al.
1961), there was hardly any mention of clinical symptoms of salmonellosis
caused by less than 10 cells per gram until 1975, when Craven et al. (1975)
reported on the Salmonella eastbourne epidemic caused via chocolate. Since
then, however, there have been other publications indicating that the
presence of salmonellae in very low numbers can cause salmonellosis, for
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example, Salmonella wien via pepper, Salmonella panama via caseinate
(Pietzsch 1977) and Salmonella typhimurium via apple cider (Salmonella
typhimurium Outbreak, 1975). In the case of the food infection caused by
caseinate growth, the original contamination could have been low, but the
growth of salmonellae may have taken place before the food was consumed.
In the other two cases the probability of growth before consumption would
be very low. In chocolate, the growth would be inhibited becausa of its
low water activity, and it would be inhibited by its low pH (3.6 to 3.9) in
the home-made cider.

Edel et al. (1977) indicated tnat in the Netherlands, since 1955, about 75%
of all Salmonella cases in humans were caused by only three serotypes:
S^ typhimurium (60%), S^ Panama (10%) and S^ infantis (5%). In Canada, the
common Salmonella serotype isolates from humans (for 1989) have been
identified, with S_t. typhiniurium at the top of the list, as shown in Table 1
(Agriculture Canada 1991). Interestingly, S^ typhimurium is also one of
the most prevalent contaminants of animals consumed by humans, including
chicken (Edel et al. 1977), as shown in Table 2.

3. SOURCES OF SALMONELLA INFECTION

Because of the high frequency of salmonellae infections in domestic
animals, foods of animal origin (e.g., egg, meat and poultry products) are
the ones most likely to carry the organisms. Fruits and vegetables are
usually free of salmonellae unless they are produced or handled in a
contaminated environment. Processed foods are not often involved in out-
breaks of salmonellosis. However, they may carry the organisms if they

TABLE 1

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

S
S
S
S

s
s
s
s
s
s

OCCURRENCE OF

Serotype

. typhimurium

. hadar

. enteritidis

. heidelberg

. thompson

. berta
_L agona
. infantis
. saintpaul
. schwarzengrund

SALMONELLA SEROTYPES

No. of
Human Isolates

2129
1556
798
773
441
415
361
297
202
199

IN CANADA3

Total
Salmonella Isolates

(%)

24.3
17.8
9.1
8.8
5.0
4.7
4.1
3.4
2.3
2.2

This data for 1989 is taken from Agriculture Canada (1991).
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TABLE 2

RELATIVE OCCURRENCE OF DIFFERENT SALMONELLA SEROTYPES

IN ANIMALS AND POULTRY IN THE NETHERLANDS3

Calves

1969-1971

S. typhimurium 33.5%

Hens

s.
s.

s.
s.
i,.

s.
s.col

s.
s.
s.

give
infantis

typhimurium
dublin
panama

infantis
heidelberg
agona

tvphimurium
heidelberg
infantis

13.6%
9.2%

62.9%
35.9%
2.2%

36.9%
20.1%
17.3%

32.7%
26.9%
19.2%

a Data taken fi-j.a Edel et al. (1977).

contain a contaminated ingredient (such as contaminated dry eggs or dried
milk), if the processing treatment is inadequate, or if they become contam-
inated after processing. Processed food may also be cross-contaminated
from raw materials through contact by hands, utensils and work surfaces in
the kitchen and in the processing plant. The number of salmonellae on
carcasses is usually fewer than 20/100 g and rarely more than 1400
organisms/100 g of skin. However, even a relatively small number of
pathogens on poultry carcasses introduced into the kitchen may create a
health hazard because of cross-contamination of other foods, including
cooked and ready-to-eat poultry (Kampelmacher 1987). There are many
reports of frequent isolations of salmonellae from poultry and poultry
products (Bigland 1962, Uoodburn 1964, Gunnarson et al. 1974, Mulder et al.
1976, Mulder 1976, Raevuori et al. 1978, Abu-Ruwaida et al. 1989). Most of
the Salmonella outbreaks have been associated with contaminated poultry
meats (Mackel et al. 1959, McCroan et al. 1963, Thatcher 1964, Curtin 1984,
Genigeorgis 1986).

3.1 SALMONELLA AND POULTRY

Both the broiler flocks and the dressed broilers have been the major
sources of salmonellae infections around the world. The levels of salmo-
nellae that may be considered typical in the Canadian poultry industry are
given in Table 3 (Salmonella Coordinating Unit Report, 1981).
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TABLE 3

LEVELS OF SALHONELLAE IN THE CANADIAN POULTRY INDUSTRY8

Source Percent Level

day-old chicks 20-25%
Hatchery supply flocks 50%
Hatcheries 5%
Broiler farms 55%
Rendered product 20-30%
Mixed feeds 6%
Poultry crates 60%
Chicken carcasses at the processors 50-60%
Turkey carcasses at the processors 60%

a Data taken from Salmonella Coordinating Unit Report (1981).

A recent report indicates that the prevalence of salmonellae contamination
in geese is very similar to that in other poultry species (Mann and McNabb
1984).

3.1.1 Broiler Flocks

Good sanitary conditions during the hatching of eggs, and in the hatching
process itselfi guarantee very low contamination of day-old chicks. On
delivery to the rearing farms, these Salmonella-free day-old chicks are
exposed to the environment. Because salmonellae can survive in litter,
dust, water and manure for weeks or even months, conditions exist on the
farms that allow the newly arrived chicks to become infected (Bolder et al.
1980, Hacking et al. 1978, Mackenzie and Bains 1976, Simmons and Byrnes
1972). In addition, they can also be contaminated by animal feed (Borsa
1986, Dougherty 1974, Hacking et al. 1978, Mackenzie and Bains 1976,
Simmons and Byrnes 1972), birds, rodents, flies and other insects (Bolder
et al. 1980). Figure 1 shows the environmental cycle of Salmonella
contamination as proposed by Bolder et al. (1980). It is quite apparent
from this figure that a concerted effort by all concerned is required to
control Salmonella in this multi-component system. Humans, animals from
the intensive animal breeding industry other than poultry, and domestic
animals are carriers of salmonellae, and therefore play an important role
in spreading these microorganisms through the environment (Edel et al.
1974).

Intensive rearing, which keeps many thousands of birds together in one
poultry house, provides ample opportunity for bird-to-bird transmission of
Salmonella (Mulder 1984). The relationship between salmonellae from
infected broiler flocks, transport crates or processing plants and contami-
nation of eviscerated carcasses has been discussed by Foster et al. (1970),
Bhatia and McNabb (1980) and Rigby et al. (1980a,b, 1982). The results of
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these studies emphasize the necessity for effective preventive measures to
be implemented at each stage of the broiler production process if the
incidence of salmonellae is to be reduced in the product offered to
consumers. A great deal of work has been done in this area, and many
pertinent reviews have been written on the control measures (Foster et al.
1970, Silliker 1982, Kampelmacher 1983, Curtin 1984, Singh 1987c, 1988a).

3.1.2 Dressed Poultry

In Canada poultry is often identified as one of the main sources of human
salmonellosis (Curtin 1984). One of the reasons for this is that the sero-
types most frequently isolated from chicken carcasses are also the ones
most frequently found in humans, as shown in Table 4. It appears, there-
fore, that a possible cause/effect association exists. Most (85 to 90%)
human salmonellosis in Canada is caused by the same serotypes that are
found in poultry, whereas these same serotypes account for only 20 to 40%
of all the isolates from other sources.

At one time it was considered that Salmonella was not part of the normal
microflora of the avian or animal intestinal tract. However, it seems now
that Salmonella is indeed a normal inhabitant of the intestinal tract of
many birds and animals (Barnes 1972). Bacteria, including Salmonella, have
been shown to attach firmly to poultry skin and meat; however, the mecha-
nism(s) of attachment is not clearly understood (Notermans and Kampelmacher
1974, McMeekin and Thomas 1978; Thc.nas and McMeekin 1981, Lillard 1989a,b).

HUMANS

SURFACE WATER

FOODS OF
VEGETABLE ORIGIN

MEAT, POULTRY,
MILK,EGGS

LIVE STOCK

RENDERED
PRODUCTS ANIMAL FEED

FIGURE 1: Salmonella Contamination Cycle, Based on Data from Bolder et a l .
(1980)
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TABLE 4

FREQUENT SALMONELLA SEROTYPES ISOLATED FROM

BROILER CARCASSES AND HUMANS IN CANADA"

Serotype From Broiler From Humans
Carcasses

infantis + +
+ +
+ +
+ j-

+ +
+ +
+ +
+ -
+ -
+ -b

+
+
+

» Data taken from Curtin (1984), + indicates serotype was isolated,
- indicates serotype not isolated.

b In a later report from Agriculture Canada (1991), this serotype
was isolated from humans.

In general, the bacterial cells (95%) were shown to be initially entrapped
in water film on the skin, followed by migration to the skin after pro-
longed immersion in bacterial cell suspension (Lillard 1989b). Lillard
(1989b) also suggested that bacteria including Salmonella could become
entrapped in ridges and crevices, which become more pronounced in the skin
and muscle following water immersion. This may make bacteria on carcasses
inaccessible to bactéricides.

Data from rinses prior to scalding indicated that bacteria, including
Salmonella were firmly attached to poultry carcasses on arrival at the
processing plant. The fact that the bacteria are firmly attached to the
chicken is shown by the observation that Salmonella, although not always
recovered in the first water rinse, could be recovered in one or more of
the subsequent rinses up to the 10th rinse, while bacteria in general could
still be recovered after 40 consecutive rinses of a single chicken carcass
(Lillard 1989a,b).

Salmonella contamination usually spreads during the slaughtering procedure.
The main cause of the spread is the faecal contamination of the carcasses
during the various slaughtering stages. Investigations with artificially
contaminated broilers show that the external contamination of the feet and
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feathers of broilers also plays an important role in the spread of bacteria
over the carcasses during processing (Rigby, personal communication 1986).

Human infection with salmonellae often occurs after consumption of raw and
insufficiently cooked contaminated meat (Walker 1960). Since poultry meat
is not eaten raw, but is invariably consumed in a cooked or grilled state
(thus killing the salmonellae), the role of poultry in the dissemination of
salmonellae has to be something other than from its direct consumption.
The thaw and drain water released from the frozen carcasses during thawing
could be the most important factor. During the preparation of a meal this
thaw water can contaminate the other cooked products and also other foods
and vegetables consumed without further heating. This has been demon-
strated in a study in which artificially infected carcasses were prepared
with Escherichia coli (de-Uit et al. 1979). Frozen poultry products kept
at refrigeration temperatures can also release thaw water that can contami-
nate other foods during processing and preparation in the kitchen.

4. CONTROL OF SALMONELLA IN POULTRY AND POULTRY PRODUCTS

Poultry and poultry products produced for human consumption are worth
billions of dollars (see Appendix B for information on Canada). Because
salmonellae contamination is quite costly to both the industry and the
consumer, there are good economic incentives to deal vith the problem.

Measures being taken to control Salmonella in broiler flocks include the
following:

(i) effective hygienic control in hatching and breeding centers to
prevent contamination,

(ii) frequent cleaning and disinfestation of the broiler houses,

(iii) control and monitoring of salmonellae in the water and feed given
to poultry, and

(iv) rearing chicks in a Salmonella-free environment.

Measures being practised to control Salmonella in dressed poultry and
poultry products include

(i) adequate refrigeration,

(ii) the use of proper hygiene during processing,

(iii) avoiding the use of contaminated raw ingredients in poultry
preparations,

(iv) adequate cooking,

(v) avoiding cross-contamination of other foods,
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(vi) the use of chemicals (e.g., chlorine) during processing, and

(vii) heat pasteurization.

Despite these measures, the extent of contamination in end products sold to
consumers (chicken and chicken meat) is undesirably high. Because of these
concerns, a Salmonella Coordinating Unit was established in 1980 by
Agriculture Canada, which has produced several reports on this topic
(Curtin 1984, Agriculture Canada 1991).

Centralization of food processing and operation facilities is expected to
develop rapidly in other countries. This practice is economical, but also
provides opportunity for spreading contamination to large quantities of
poultry. A single processing plant may distribute products internationally
and thereby cause wide dissemination of foodborne disease through patho-
genic bacteria whenever improper hygienic practices and control measures
occur.

Modern technology in the poultry industry has made available many new food
products that are canned, frozen or even dried. Wide distribution of these
products and their increased use for mass feeding in cafeterias and large
institutions provide an avenue for contamination if strict sanitation is
not maintained in the food processing plants. It is virtually impossible
to completely exclude pathogenic microorganisms from raw poultry with
present technology. It is possible, however, by means of additional
measures such as irradiation followed by storage at low temperatures, to
provide a practical solution to the elimination of pathogens without
affecting the quality of the product. A cost/benefit comparison of
Salmonella control measures compiled by Curtin (1984) is given in
Appendix C.

The merits and the difficulties associated with the two other methods that
have been extensively researched, chemical treatment and heat pasteuriza-
tion, are briefly discussed here before the irradiation processes are
considered.

4.1 CHEMICAL TREATMENT

Antibiotics (McGarr et al. 1977, Islam et al. 1978), chlorine (Thomson
et al. 1967, Mead et al. 1975, Teotia and Miller 1975, Tompkin 1977,
Thiessen et al. 1984), 0-propiolactone and acids, such as acetic acid,
citric acid, lactic acid and succinic acid (Thomson et al. 1967), and
sorbate salt (Robach and Ivey 1978, Sofos 1986) have been found to be
effective to different levels in reducing salmonellae in eviscerated
chickens.

There are many reports on the use of chlorine for the control of
Salmonella. However, there is wide variation on its effectiveness in the
results obtained by different workers. The use of chlorine in poultry
processing plants was suggested by Ranken et al. (1965) and Dawson et al.
(1956). They reported that bacterial counts were lowest when birds were
cooled in ice water containing chlorine. Chlorinated water brings about
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cold sterilization. Wabeck et al. (1968) reported that 20 and 40 mg/kg
chlorine solutions destroyed 103 salmonellae cells/mL within 30 min when
organic matter, such as poultry meat, was absent. On the other hand,
artificially inoculated Salmonella at 102 cells/mL on chicken drum sticks
were only slightly reduced by 20 and 40 mg/kg chlorine solutions.

Dixon and Pooley (1961) inoculated chicken carcass cavities with three
levels of salmonellae. The carcasses were then immersed in chlorine solu-
tions (50 to 200 mg/kg) for 5 to 10 min. They found that heavily infected
carcasses (ilO5 cells) were not rendered free from salmonellae by any of
the chlorine concentrations within the times of treatment. Chlorine
concentrations of 150 mg/kg or less had no consistent effect on carcasses
infected with even the lowest levels of salmonellae used. However, expo-
sure to 200 mg/kg chlorine solution for 10 min resulted in 95% of the
carcasses tested to have undetectable levels of salmonellae. Nillson and
Regner (1963) also studied the relationship between the efficiency of
chlorine and the contamination levels. They found that the higher the
level of salmonellae inoculated onto chicken legs, the longer the time
necessary to eliminate salmonellae using 20 mg/kg chlorine. Other studies
have been published showing that chlorination is highly effective in
reducing microbial levels in wash or chill water (Blood and Jarvis 1974,
Drewniak et al. 1954, Goresline et al. 1951, Mead and Thomas 1973,
Patterson 1968, Surkiewicz et al. 1969).

Mead and Thomas (1973) concluded that washing carcasses with chlorinated
water destroys microorganisms and prevents recontamination. Currently,
chlorinated water seems to be the most commonly used method in many poultry
plants for reducing microbial numbers on raw poultry, below levels that can
be achieved by water alone. The U.S. Drug Administration (USDA) regula-
tions (Food Chemical News, 1985) permit the use of chlorine in the process
water of poultry plants at levels acceptable to plant management, recogniz-
ing the self-limiting factors of the effect on product, corrosion of equip-
ment, and acceptability to plant personnel. Plant management must notify
the inspector in charge when the chlorine level is increased above
20 mg/kg. Chlorine must be dispensed at a constant and uniform level.

Chlorination of water aids in producing raw poultry with lower microbial
levels, which in turn gives a product with a longer shelf life. This
offers the processor an economic gain, in addition to dealing with the
concerns of salmonellae (Tompkin 1977). Although no evidence is available
on the possible detrimental effect of chlorine on flavor, or of toxicity
from the treated poultry, the continuing use of chlorine, a suspected
carcinogen, remains a major concern. There appear to be no detailed
studies on the possible formation of chloro-organic compounds in chicken,
as a result of the chlorine treatment. There are reports that eye irrita-
tion of employees becomes a problem when the chlorine level reaches
45 mg/kg (Drewniak et al. 1954), and that broiler chicken skin takes on a
pinkish-white to greyish-white bleached color (Thiessen et al. 1984).

Recent studies conducted by the USDA's Food Safety and Inspection Service
(Food Chemical News, 1985) have shown that the addition of 0.1 to 0.2%
acetic acid to poultry scald water can have a dramatic effect on reducing
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salmonellae contamination. It should be mentioned here that there are
reports of acetic acid and lactic acid (Miller et al. 1968, Teotia and
Miller 1975) causing the treated poultry to shov some off-color.

4.2 HEAT PASTEURIZATION

Avens (1972) reported on pasteurization of poultry, poultry meat and skin
by heat and steam, using the heat-resistant Salmonella senftenberg 775 U.
He showed that flowing steam at 102 ± 2°C for 30 min apparently contacted
all surface areas of the carcass harboring the test organism. However,
such pasteurization treatment resulted in partial cooking of the carcass
skin and meat, as would be expected.

Klose et al. (1971) studied the pasteurization of poultry by steam, under
reduced pressure at temperatures not exceeding 75°C, for 4 min. A reduc-
tion of ^103 in the cell count was achieved in the combined internal and
external surface bacterial loads on chicken carcasses. Substantial reduc-
tion was dependent on the successful penetration of steam into the internal
cavities. When carcasses were inoculated with Salmonella typhimurium,
limited reductions were obtained by subatmospheric steaming of carcasses
inoculated by soaking (which mimicks the industrial handling of chicken),
while substantial reductions were accomplished on spray-inoculated carcas-
ses. The effectiveness was greatly increased when chicken drumsticks were
used.

4.2.1 Combination Treatment

Klose and Bayne (1970) also reported on the surface pasteurization of
poultry carcasses artificially contamination with Ŝ_ typhimurium. using
condensing vapors containing organic volatile chemicals (combination treat-
ment) to assess their ability to remove natural flora as well as the test
organism, JL. typhimurium. Acetone/water at 70°C and isopropanol at 82°C
yielded reductions of 104 and 105 after 4-min exposures, but trace amounts
of these organics were difficult to remove from the cooked products.
Trichloroethylene/water vapor at 73°C and water under reduced pressure at
70°C gave similar reductions after an 8-min exposure.

Klose (1974) suggested simultaneous scalding (at 52°C) and plucking of
chickens as a more hygienic alternative to traditional methods. However,
Notermans and Kampelmacher (1975a,b) indicated that difficulties would
still exist in killing all of the organisms, especially the ones attached
to chicken skin. Humphrey et al. (1984) reported on a combination treat-
ment of sorts where they combined a high pH of 9.0 with scald water treat-
ment, using S^_ tvphimurium as a test organism in inoculated chicken skin.
Their results showed that Ŝ_ tvphimurium attached to chicken skin and the
naturally occurring skin micro-flora were both killed more rapidly at 52°C
in scald water at pH 9.0 ± 0.2. However, while the D52<>c-value (

one loS
reduction at 52°C) of 26 to 55 minutes for S^ tvphimurium in water at pH
9.0 ± 0.2 was significantly less than the value in water at pH 6.0 ± 0.2,
it was much higher than that for the same organism free in scald water.
This indicates a high degree of heat resistance of attached bacteria, and
thus a limited value of the process.
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Woodburn et al. (1962) studied the efficiency of the pasteurization process
for precooked deboned chicken before freezing. The deboned chickens were
packaged alone, with broth or with white sauce, and were inoculated with
approximately 105 cells/g of food with Salmonella senftenberg,
S^ tvpimurium, or one of the two food poisoning strains of Staphylococcus
aureus. Roasting or cooking by immersion in boiling water resulted in
essentially a sterile product. The time required varied with the product
and heat source.

Heat processing obviously cannot preserve meat in its raw state. When meat
products are heated they usually lose their fresh appearance and flavor.
The desired degree of bacterial inactivation often results in some cooking
of the meat. Therefore, this method of preservation is not useful where
uncooked chicken meat is required.

4.3 RADIATION TREATMENT

The destruction of Salmonella and control of this widespread food pathogen
group in certain foods by means of irradiation at low doses has proven to
be very promising (Ouwerkerk 1980). Salmonellae have been found to be one
of the more radiation-sensitive pathogenic organisms. A large volume of
research data on irradiation of Salmonella and other bacterial pathogens
was reported in the early sixties by Thornley (1963), Mossel and de Groot
(1965), Licciardello and Nickerson (1963), Licciardello (1964, 1970),
Licciardello et al. (1968, 1970a,b), Previte (1967), Previte et al. (1970)
and Idziak and Incze (1968a,b). The D10-values (radiation dose required to
reduce organisms by 90%) for several pathogenic spore-forming and non-
spore- forming organisms are tabulated in Table 5. The D10-values are
useful for calculating the total radiation dose required for the desired
level of reduction of a given organism (radicidation).

Radicidation is the treatment of food wi.th a dose of ionizing radiation
sufficient to reduce the number of viable pathogenic bacteria to such a
level that none is detectable in the treated food when it is examined by
any recognized bacteriological testing method (Josephson and Peterson 1983,
Urbain 1986). In general, the radicidation dose required for the elimina-
tion of Salmonella in most foods is between 5 and 7 kGy (WHO 1977a). How-
ever, low doses from 2 to 3 kGy (radurization) are extremely effective in
eliminating or reducing Salmonella levels in poultry (Ingram and Roberts
1966, Kiss and Farkas 1972, Kiss ei al. 1984), since they are present at
very low levels.

4.3.1 Factors Affecting the D10-Values

The sensitivity of different bacteria to irradiation differs greatly and
depends upon many intrinsic and extrinsic factors, including the tempera-
ture at which the irradiation takes place, the water content, the presence
of oxygen (the oxygen effect) or other gases, and the type of media, and
has been discussed in many reviews (see Singh and Singh 1982, Singh
1987a,b, 1989, and the references given therein). The radiation sensi-
tivity of a large number of Salmonella serotypes has been studied in
different media. D10-values for several Salmonella serotypes in phosphate



TABLE 5

D10-VALUES FOR IRRADIATION OF SOME BACTERIAL PATHOGENS FOUND IN FOODS

Microorganism D10-Value" Reference11

(kGy)

Nonspore-forming
Campylobacter jelunl 0.186 1
Escheria coll 0.15-0.43 2,3
Proteus vulgaris 0.1-0.2 2
Salmonella 0.2-1.0 3,4
Shlgella 0.25-0.4 2
Staphylococcjs auereus 0.2-0.4 4
Streptococcus faecalis 0.75-1.0 2
Streptococcus pyrogenes 0.5-1.0 2
Vibrio parahaemolyticus 0.05-0.14 4
Yersinia enterocolltica 1.09-1.95 5

0.186
0.15-0
0.1-0.
0.2-1.
0.25-0
0.2-0.
0.75-1
0.5-1.
0.05-0
1.09-1

2.1-2.
1.6-3.
0.8-1.
2 .5
1.6-2.
1.2-3.
2 .5

.43
2
0
.4
4
.0
0
.14
.95

3
7
6

2
4

Spore-forming
Clostridium botulinum Type A 2.1-2.3 4
Clostridium botulinum Type B 1.6-3.7 4
Clostridium botulinum Type E 0.8-1.6 4
Clostridium botulinum Type F 2.5 4
Clostridium sporogenes 1.6-2.2 4
Clostridium perfringens 1.2-3.4 4
Bacillus cereus 2.5 4
Vacillus stearothermophilus 2.5 4

• The D10-value is defined as the dose of gamma radiation required to
reduce the number of colony-forming units by 90%. See reference papers
for experimental details.

b References: 1. Lambert and Maxcy (1984); 2. Nickerson et al. (1983);
3. Urbain (1986); 4. Banwart (1979); 5. El-Zavahry and Rovley (1979).

buffer (PB), minimal media (MM) and nutrient broth (NB) at different
temperatures are listed in Table 6.

Protection against radiation inactivation of bacteria by the components of
the suspending media is well known and is clearly seen in the cases of
S_̂  muenchen and S_!_ Panama in Table 6. This protection is a result of
scavenging of -OH and other damaging species produced on irradiation by the
components of the suspending medium (Singh and Singh 1982, Singh and Vadasz
1983, Urbain 1986, Singh 1987a, 1989). However, Table 7 lists data
obtained by Mulder (1982) for jL_ anatum, A_;_ agona, S_;_ enteritidis,
S± heidelberg. S^ infantis. S^ montevideo, S. saintpaul and S_;_ thomson,
which show only marginal or no media effects on the D10- values. The
author offers no explanation for these unexpected results.
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TABLE 6

Dx 0-VALUES OF DIFFERENT SALMONELLA SEROTYPES IN DIFFERENT MEDIA

Salmonella
Serotype Medium

Temperature
of Irradiation

io
(kGy)

Reference"

s.

s.

Si

ii

s.

s.

jrallinarum

muenchen

paratyphi B

Panama

senftenberg

tvphimurium

PBb

PB

NBC

MM
NB
MM

PB
PB

NE
MM

PB
PB
PB

PB
PB
PB

NSa

-15

+5
+5
-18
-18

NS
-15

+5
+5

NS
-20
-15

0
NS
-15

0.13
0.21

0.5
0.3
0.62
0.34

0.19
0.49

0.48
0.35

0.13
0.17-0.23
0.30

0.12
0.21
0.39

1,2
1,2

3
3
3
3

1,2
1,2

3
3

1,2
4
1,2

5
1,2
1,2

References: 1. Ley (1966); 2. Ley et al- (1963); 3. Mulder (1982);
4. Underdal and Rossebo (1972); 5. Davies and Sinskey (1973).

b PB - Phosphate buffer.
c NB - Nutrient broth.
d NS - Not stated but most likely +20°C, as in other work by these authors

(Ley et al. 1970).

Our own work (Shamsuzzaman et al. 1989), using two nalidixic acid-resistant
strains of Salmonella typhimurium, NalR ATCC 13311 and K1-2B in different
media under similar conditions, shows this effect very clearly (Table 8).
The D10-values were 0.20, 0.57 and 0.53 kGy for the ATCC 13311 strain, and
0.21, 0.4 and 0.32 kGy for the K1-2B strain, in phosphate buffer, in
nutrient brolli and on chicken drumsticks respectively.
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D10 VALUES OF

Salmonella
Serotype

S. anatum

S. agona

S. enteritidis

S. heidelberg

S. infantis

S. montevideo

S. saintpaul

S. thompson

TABLE 7

DIFFERENT SALMONELLA SEROTYPES IN DIFFERENT

Medium

NBb

MMC

NB

NB
MM
NB
MM

NB
MM
NB
MM

NB
MM
NB
MM

NB
MM
NB
MM

NB
MM
NB
MM

NB
MM

NB
MM
NB
MM

Temperature
of Irradiation

(°C)

+5
+5
-18

+5
+5
-18
-18

+5
+5
-18
-18

+5
+5
-18
-18

+5
+5
-18
-18

+5
+5
-18
-18

NSd

NS

+5
+5
-18
-18

LIQUID MEDIA"

(kGy)

0.38
0.35
0.52

0.38
0.32
0.46
0.46

0.34
0.35
0.43
0.37

0.37
0.38
0.46
0.35

0.36
0.36
0.36
0.31

0.32
0.29
0.41
0.39

0.36
0.31

0.35
0.35
0.41
0.46

a Data taken from Mulder (1982).
b NB - Nutrient broth.
c MM - Minimal media.
d NS - Not specified
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EFFECTS

Strain

ATCC 13311

K1-2B NalR

TABLE 8

OF SUSPENSION MEDIA AND CHICKEN DRUMSTICKS ON THE

OF TWO SALMONELLA TYPHIMURIUM NalR STRAINS"

Suspension
Medium/Support

NalK Nutrient broth
Phosphate buffer
Chicken drumstick

Nutrient broth
Phosphate buffer
Chicken drumstick

D10-Value
(kGy)

0.571 ± 0.035
0.198 ± 0.013
0.534 ± 0.006

0.398 ± 0.035
0.212
0.318 ± 0.014

Dx 0-VALUES

Number of
Determinations

8
5
2

4
1
3

a Data taken from Shamsuzzaman et al. (1989).

In the case of chicken drumsticks (Table 8), the protective effect of the
constituents of the chicken meat may contribute to the lower sensitivity
(higher D10-values) of Salmonella compared with that observed in phosphate
buffer. The higher D10-values seen in the nutrient broth suggest an even
higher protection of Salmonella by the components of the broth than that
provided by chicken. Our observations on the relative radiation sensitivi-
ties of the two ̂ _ typhimurium strains are similar to those reported by
Erdman et al. (1961) for E^ pullorum in nutrient broth (0.48 kGy) and in
phosphate buffer (0.17 kGy).

As briefly mentioned above, the radiobiological damage to organisms is
caused by the primary free radicals formed from water in the system, and
the resulting secondary radicals (Singh and Singh 1982, 1983). However,
when dissolved organic compounds are present, there is a competition
between the damaging free radical reactions with the pathogenic bacteria
and less or nondamaging free radical reactions with the organic solutes.
Thus, in general, organic solutes act as protective agents against radiobi-
ological damage to bacteria. In the case of nutrient broth, its organic
content includes amino acids and thiols, both of which are known radiopro-
tectors (Singh and Singh 1982, and references therein). In the case of
chicken drumsticks also, a fair amount of their organic content would be
available for protective reactions with free radicals, and the composition
of the food would influence the radiation resistance of the microorganisms.
The presence of proteins, amino acids, polysaccharides, etc., provides
protection for the microorganisms (Anon 1965b; Singh and Singh 1982; Singh
1987a, 1988a,b) because of the competition between the bacteria and these
food components for the free radicals formed from water. Thus, as the
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concentration of organic matter and food components increases in relation
to the bacteria, the D10-values would go up. This is the reason for the
higher D10-values of pure cultures in food (Tables 8 and 9) than those
obtained in phosphate buffer solutions (Table 6). However, the higher
protection seen in nutrient broth may arise from better availability of the
protectors in solution at the site of radical attack, as compared with that
in the solid phase in chicken (Table 8).

TABLE 9

Dj„-VALUES OF

Salmonella
Serotype

S. anatum
S. entenitidis
iL. give
S. heidelbere

S. infantis
S. newport

S. niloese

S_j. ohio

S. oranienberg

S. panama

S. pullorum
S. senftenbere
S. thompson

S. typhimurium

S. worthinston

DIFFERENT

Type

Meat
Meat
Meat
Meat
Skin
Meat
Meat
Skin
Skin
Skin
Meat

Meat
Skin
Carcass
Carcass
Carcass
Meat
Meat
Meat
Skin
Meat
Meat
Skin
Meat

SALMONELLA SEROTYPES IN

Temperature
of Irradiation

(°C)

22
22
22
22
NSb

22
0
NS
4

-18
5

-18
22
22

skin -18
dripvater fluid -18
rinsing fluid -18

22
22
0
NS
4

-20
NS
22

POULTRY

°io
(kGy)

0.40
0.37
0.40
0.40
0.25
0.30
0.52
0.18
0.55
0.88
0.40
1.09
0.46
0.24
1.29
0.65
0.77
0.46
0.30
0.62
0.25
0.41
0.73
0.20
0.50

MEAT AND SKIN

Reference"

, 0.69

, 0.69
,1.25

, 0.72

, 0.70c

, 0.99

1
1
1
1,2
3
1
2
3
4
4
5
5
1,2
1,2
5
5
5
1
1
2
3
6
6
3
1

References: 1. Idziak and Incze (1968a,b); 2. Licciardello et al.
(1970a); 3. Licciardello et al. (1970b); 4. Mulder (1984);
5. Mulder (1975); 6. Previte et al. (1970); 7. El-Fouly (1983).
NS - not specified
The two values are for the two different strains of the samp serotype
S^ typhimurium SR-11 (0.41) and RIA (0.70).
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Higher radiation doses are required to achieve the same lethal effect in a
frozen state than when the radiation treatment is performed at above-
freezing or room temperatures (Matsuyama et al. 1964), because of the
reduced mobility of the free radicals from water that attack, the bacteria.
This effect is clearly seen in several Salmonella serotypes listed in
Tables 6 and 7, when suspended in the same media before irradiation, and is
consistent with similar effects reported for bacon and other meats (Singh
1987a,b, 1991).

Table 9 shows the known D10-values for several Salmonella serotypes when
each of these is artificially inoculated on chicken muscle, skin or on the
whole carcass. Where data can be directly compared, e.g., S_̂_ oranienberg,
S^ thomson (Table 9), the D10-values generally seem to be lower for skin as
compared with those for meat. Although the exact reasons for this differ-
ence are not known, one of the following might explain the higher
D10-values seen in meat:

(1) the presence of better radiation protectors in meat;
(2) a higher concentration of the same protector in meat;
(3) better binding sites for bacteria in meat, resulting in uneven

distribution in skin and meat; or
(4) post-irradiation decontamination due to lipid peroxidation in

skin.

The effect of temperature of irradiation on the D10-values is clearly
evident in Table 9 for some of the serotypes. This is also shown by the
data in Figure 2, where the highest D10-values are for the lowest tempera-
ture studied (-80°C). However, it should be mentioned here that Hanis et
al. (1989), despite recognizing the existence of such an effect of tempera-
ture on the D10-values, give results that show no change with temperature
(10°C or -15°C) on irradiation of minced chicken meat. They offer no
explanation for these unexpected results. On the other hand Thayer et al.
(1990) have recently confirmed the existence of the temperature effect,
i.e., a decreased sensitivity to irradiation of two salmonellae serotypes
in frozen mechanically deboned chicken meat (Figure 3).

Patterson (1988) determined D10-values for S_;_ typhimurium inoculated on
minced chicken meat under different atmospheres and showed that the radia-
tion sensitivity of Ŝ _ typhimurium was similar in C02 and air, but was
lower under nitrogen.

4.3.2 Chicken Carcasses and Pieces

It is necessary to determine the D10-values in a given food in order to
estimate the radicidation dose needed to guarantee Salmonella-free poultry
and poultry product. However, determination of such values, besides being
influenced by factors discussed in the preceding section, is further comp-
licated (Mossel 1977) by the fact that the naturally occurring salmonellae
are generally present in low numbers. Estimates differ from different
countries, partly because of the methods used for such detection and partly
because of varied sources of contamination. In the late sixties, the
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FIGURE 2: Radiation Survival Curves for Ŝ_ typhimurium. RIA at Four
Different Temperatures. The cells vere inoculated onto chicken
before irradiation at the given temperature. Data taken from
Previte et al. (1970).
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FIGURE 3: Surviving Fraction for Ŝ_ typhimurium (o o) and
S. enteritidis (x x) as a Function of Temperature in
Mechanically Deboned Chicken Meat, Irradiated at 1.8 kGy.
Data taken from Thayer et al. (1990).

natural incidence in USDA-inspected plants has been quoted to be less than
30 salmonellae cells per 100 g of chicken carcass (Surkiewicz et al. 1969).
For Canada, the first estimates were given by Ayres et al. (1956). This
study estimated that about 25% of the broilers were contaminated with
5 salmonellae cells per carcass. When these broilers were irradiated with
a dose of 3 kGy, only one carcass in 80 000 shoved salmonellae contamina-
tion. Similar estimates were reported in other studies (Mulder et al. 1977
and references therein).

To assess the lethality of irradiation (Mossel 1977, Mulder 1984) two
approaches are possible. One is to accept a lethality of 7, meaning a
reduction of the initial counts by 7 log cycles, a reduction factor used
for example in the pasteurization of eggs and milk products. The dose
required would then be 7 x D10-value. Another approach is to fix on a
certain number of colony-forming units (cfu) of microorganisms acceptable
after irradiation (N£), i.e., the "absence" of Salmonella, and to estimate
the lethality or reduction factor using the known cfu of microorganisms
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before irradiation (No). If the 7 D10 concept is applied to the highest
D10-values known for S_̂  oranienburg at 22°C and for S_̂  panama at -18°C
(Table 9), doses of -A.9 and 9 kGy respectively would be required.

Licciardello et al. (1968) reported that a 7 log reduction in Salmonella
could be achieved by irradiating chicken carcasses with a dose of 4.75 kGy.
Similar conclusions were arrived at by Mossel (1966) and Mossel et al.
(1968). The degree of resistance to radiation of many salmonellae species
is known, and the D10 values lie in the range of 0.3 to 0.7 kGy for chicken
or chicken meat as substrate. From consideration of the data of
Licciardello et al. (1968) and other similar results for the most resistant
serotype, S_̂  oranienburg (D10-value of 0.72), Kahan and Hovker (1978)
argued that a dose of 1.5 kGy would kill over 99% of the Salmonella if all
the contaminating salmonellae organisms were Ŝ_ oranienburg. Kahan and
Hovker (1978) suggested that, at this dose, less than a single Salmonella
organism would remain viable on a chicken carcass that carried an initial
load of 1CJ0 organisms. Usually, the initial load is much lover (1-30
organisms per 100 g). Thus, the 5-kGy dose recommended by the WHO would
result in an overkill to salmonellae and some other microflora. Many
researchers found that earlier recommendations of higher doses (̂ 5 kGy)
were excessive and led to changes in color, odor and taste of chicken
carcasses and chicken meat (Kahan and Howker 1970, 1978; Mulder 1984).
Others suggested that such organoleptic dose effects occurred even at a
dose of around 2.5 kGy, although these side effects could be eliminated by
cooking or roasting (Coleby et al. 1960a,b, Kahan and Howker 1970, Mercuri
et al. 1967, Mulder 1984) or by irradiation of chicken in the frozen state
(Coleby et al. 1961, Hannan and Shepherd 1959).

A treatment with 2.5 kGy would also cause a reduction of up to 25 log
cycles of the spoilage bacteria and extend the shelf life (as discussed
later, in Section 6) of the product (Coleby et al. 1960a, Thornley 1966,
Kahan and Howker 1978). For fresh eviscerated broiler chickens, Kahan and
Howker (1978) concluded that the chickens were essentially free from
salmonellae and other organisms of public-health significance after being
irradiated vith 2.5 kGy.

Mulder (1984) reported that a dose of 1.95 kGy at 5°C or 3.9 kGy at -18°C
is needed if salmonellae in poultry carcass skin samples are to be elimi-
nated completely through irradiation. Thus it is clear that although there
is some variation in the radicidation dose in the data from different
laboratories, an overall dose of 2.5 kGy appears to be enough to destroy
the naturally occurring salmonellae in chicken.

A recent report on efficacy trials (Wood 1986, Kwan et al. 1986, Kwan 1986,
Sayles et al. 1986) on fresh chicken pieces, using artificially inoculated
samples with tvo levels (3 x 105 and 3 x 10"7 cfu/100 g) of a nalidixic-
acid-resistant strain of Salmonella typhimurium NalR, K1-2B, has shovn that
a 2.5-kGy dose is sufficient to eliminate this strain vhen the product is
irradiated at 5°C. The D10-value of this strain was recently determined to
be 0.32 kGy (Table 8), on chicken drumsticks (Shamsuzzaman et al. 1989,
Singh et al. 1989). Table 10 presents some data on the effects of
radiation on S^ typhimurium NalR, K1-2B after storage at 5°C and -18°C
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(Kwan 1986). The results for the frozen chicken pieces irradiated at the
same dose (2.5 kGy) showed some survivors (3 positive samples in a total of
40 treated samples) in the samples with the higher inoculum level. It
should be mentioned here, that only 1% of the inoculated cells are taken up
by chicken parts, as shown by the data in Table 10. Variations in the data
in Table 10 (as also seen later for deboned chicken meat in Table 12)
suggest that greater numbers of runs in such studies may be needed to
provide appropriate statistical treatment of the data.

TABLE 10

EFFECT OF GAMMA-IRRADIATION ON CHICKEN PARTS INOCULATED WITH TWO LEVELS

OF SALMONELLA TYPHIMURIUM NalR, K1-2B"

Inoculum Level

cfu/100 g of Chicken Partsb

3 x 105 3 x 107 3 x 105 3 x 107

Samples Stored
at 5°C

Control Ic

Irradiated I

Control II
Irradiated II

Samples Stored
at -18°C

4.1 x 103 1.9 x 105

ndd nd

1.0 x 104 2.3 x 105

nd nd

8.9 x 103 3.0 x 105

nd nd

1.2 x 104 2.9 x 105

nd nd

Control I
Irradiated I

Control II
Irradiated II

3.8 x 10" 4.4 x 10s

nd nd

1.2 x 103 7.8 x 104

nd 1 x 103

(1/10 samples)

3.5 x 104 2.8 x 104

nd 1 x 103

(2/10 samples)

1.3 x 103 4.1 x 104

nd nd

a Based on data from Wood (1986) and Kwan (1986); dose =2.5 kGy.
b Mean (cfu/100 g of chicken value) of 10 samples for control and 20 for

irradiated samples, except where indicated otherwise.
c Sample I and II represent two different runs.
d Not detected.
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Work on the effects of a 2.5-kGy dose on the naturally occurring salmonel-
lae in these experiments also showed no survivors in fresh chicken parts
(Table 11). However, the number of samples contaminated with natural
salmonellae in this study (Kwan 1986) was extremely low (only 8 samples out
of 120 were contaminated with 3 to 29 cfu per 100 g). Because of the low
levels, a dose of 2.5 kGy should eliminate any naturally occurring
Salmonella present. The irradiated frozen samples did show some survivors
of naturally occurring salmonellae (Table 11); this result was attributed
to possible post-irradiation contamination in the laboratory (Kwan 1986).

Heath et al. (1990) carried out a similar study on both chicken breasts and
thighs irradiated with doses up to 7 kGy using a 3-MeV electron-beam
accelerator. They followed the distribution of the naturally occurring
salmonellae and found that a 1-kGy dose was sufficient to remove all
naturally occurring salmonellae. Lamuka et al. (1992) have also recently
reported on complete elimination of naturally occurring salmonellae with a
dose of 2.5 kGy in chicken carcasses that showed a high degree of salmonel-
lae contamination in the unirradiated controls (-67%).

TABLE 11

EFFECT OF GAMMA-IRRADIATION ON NATURALLY OCCURRING SALMONELLA

IN CHICKEN PARTS"

Samplec

Positive13/Total Tested

Control Irradiated

Stored at 5°C

Day 4

Day 11

I
II
I
II

Stored at -18°C

Day 18 I
II

Day 51 I
II

1/20 (0.3)d

0/20
0/20
0/20

7/10 (3 to 29)d

0/10
0/10
0/10

0/20
0/20
0/20
0/20

3/10 (3 to 9)d

0/10
0/10
0/10

» Based on data from Kwan (1986); dose = 2.5 kGy.
b Positive: ^3 cfu/100-mL rinse from 100 g chicken pieces.
c Samples I and II represent two different runs.
d Range of Salmonella (cfu/100 g of chicken).
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4.3.3 Deboned Chicken Meat

Work reported in the literature suggests that a 2.5-kGy dose reduces or
eliminates salmonellae in deboned chicken (Hannan and Shepherd 1959,
Gallien et al. 1983). Kwan (1986) irradiated fresh and frozen deboned
chicken meat with a 2.5-kGy dose. The results of the artificially inocu-
lated chicken meat are shown in Table 12. Two levels of inoculum of
Ŝ  tvphimurium NalR, K1-2B (3 x 102 and 3 x 104 cfu/g) were used in this
study. No Salmonella was detected from the lower inoculum level in any of

TABLE 12

EFFECT

Inoculum

OF GAMMA-IRRADIATION ON FRESH

TUO

Level

LEVELS OF

3 x 102

DEBONED CHICKEN INOCULATED WITH

SALMONELLA TYPHIMURIUM NalR, K1-2B

cfu/100

3 x 104 :

g of Deboned Chicken

3 x 102 3 x 104

a

Meatb

3 x 102 3 x 1

Samples Stored
at 5"C

Control Ic

Irradiated

Control II
Irradiated

I

II

1

1

.8

.1

x 102

ndd

(1/10

x 102

nd

1.5 x 104

3 x 101

samples)

6.6 x 103

nd

1.2 x
nd

1.0 x
nd

103

lO2

2 x
nd

9.8 x
nd

104

103

nte
nd

nt
nd

nt
nd

nt
nd

Samples Stored
at -18"C

Control I
Irradiated I

Control II

Irradiated II

1.4 x 102 1.2 x 104

nd 1.0 x 101

(16/20 samples)

7.2 1.0 x 103

(8/10 samples)
nd nd

8.3 x 101 1 x 104

nd 5.4
(13/10 samples)

4.0 1.7 x 1O3

(1/10 samples)
nd nd

• Based on data from Kwan (1986); dose = 2.5 kGy.
b Mean (cfu/100 g of chicken) value of 10 samples for control and 20 for

irradiated samples, except where indicated otherwise.
c I and II represent two different runs.
d Not detected.
8 Not tested.
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the irradiated fresh samples. However, one sample out of ten on day 1 from
the higher inoculum level tested positive for Salmonella. In the second
run (II) none of the irradiated samples was positive (Table 12). In the
frozen samples, more survivors were detected in irradiated samples with
higher inoculum in run I. However, no survivors were detected in run II
(Table 12).

For naturally occurring salmonellae in fresh deboned chicken meat, Kwan
(1986) also found that while 5 samples out of the 40 unirradiated controls
tested positive, all of the 60 irradiated samples were negative (Table 13).
In the frozen samples (40 per set), only 3 tested positive for the unir-
radiated controls, while none of the irradiated samples tested positive.

TABLE 13

EFFECT OF GAMMA-IRRADIATION ON NATURALLY OCCURRING

SALMONELLA IN DEBONED CHICKEN*

Sample Control Irradiated

Fresh

Day

Day

Day

1

6

11

Frozen

Day

Day

15

44

Ib

II
I
II
I
II

I
II
I
II

3/10c

1/10
0/10
1/10
nte

nte

1/10
0/10
0/10
2/10

(1

(1

(1

(1

.6)

•2)

.6)

.2-4.4)

0/10
0/10
0/10
0/10
0/10
0/10

0/10
0/10
0/10
0/10

a Based on data from Kwan (1986); dose = 2.5 kGy.
b I and II represent two different runs.
c Number of positive samples/out of a total of 10 samples.
d Range of Salmonella (cfu/100 g of deboned chicken).
9 Not tested.
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It appears therefore, that for the low numbers of cells that generally con-
taminate deboned chicken meat, an irradiation dose of 2.5 kGy is sufficient
to eliminate salmonellae from fresh meat. However, further work may be
necessary to optimize the dose for a similar assurance in the case of the
frozen meat, especially in light of a recent report (Hanis et al. 1989)
that implies there is no temperature effect of irradiation. The latter
work also indicates that a higher dose (10 kGy) is required to completely
eliminate inoculated S_̂_ typhimurium (106 cfu/g) from minced chicken breast
meat, although they noted -2, 3, 4 and 5 log reductions with doses of 0.5,
1.0, 2.5 and 5 kGy respectively.

Thayer et al. (1990) and Thayer and Boyd (1991a,b) have carried out experi-
ments with sterile (radiation sterilized) mechanically deboned chicken meat
to examine the radiation resistance of six salmonellae species under
different conditions. The radiation resistance of the Salmonella increased
approximately twofold when assayed in sterile mechanically deboned chicken
rather than in buffer, as expected. The average D10-value for all six
Salmonella strains was 0.56 kGy in mechanically deboned chicken.

The S_;_ tvphimurium D10-value of 0.514 kGy reported by Thayer et al. (1990)
was very similar to the values reported by Previte et al. (1970) for five
different strains of this organism irradiated at 4°C in autoclaved chicken.
As already discussed above, the results of Thayer et al. (1990) show that
the temperature of irradiation, but not the presence or absence of air,
significantly influenced the survival of Ŝ_ tvphimurium and ^_ enteritidis
in mechanically deboned chicken.

5. OTHER F00D-B0RNE PATHOGENS

Lately, campylobacteriosis has been recognized as an emerging diarrheal
disease (Butzler and Skirrow 1979, Doyle 1985, Genigeorgis 1986). Indica-
tions point to foods of animal origin, especially poultry (Humphrey and
Lanning 1987), but others, such as meat and milk products, are also
frequent sources of infection (Robinson et al. 1979, Simmons and Gibbs
1979, Walder 1982). The D10-value for Campylobacter jejuni is quite low
(0.186 kGy, Table 5; Lambert and Maxcy 1984); therefore, it should be
eliminated by the dose recommended to irradiate chicken (2.5 kGy) for
Salmonella control.

Toxicity caused by the heat-stable toxin of many Staphylococcus aureus
strains plays an important role in certain parts of the world, particularly
in North America, and their incidence in Europe and Japan is increasing
(Todd 1978). Contamination of poultry, although not very common, occurs
mostly via humans during processing (WHO 1977a,b). Fortunately, §_;_ aureus
is also controlled by a low radiation dose (Table 5), although preformed
toxin is not likely to be affected by low-dose irradiation.

In recent years, a nonsporogenic psychrotrophic pathogen, Listeria
monocvtogenes has become a major concern to the food industry. Outbreaks
and media attention have put pressure on both regulatory agencies and the
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food industry to quickly find ways to prevent future cases of human
listeriosis (Brackett 1988). L̂_ monocytogenes is particularly important
because infection with this organism results in high mortality among
susceptible individuals (Uehr 1987), and the organism can grow during cold
storage (Uehr 1987, Mead et al. 1990, Lacey and Dealler 1990) even under
vacuum (Wehr 1987).

The observation that L̂_ monocytogenes can be isolated from animals makes it
likely that poultry and meats are contaminated with the bacterium. Kwantes
and Isaac (1971) isolated L_̂  monocytogenes from 57% of the fresh and frozen
poultry sampled. Likewise, Gitter (1976) reported that about 15% of oven-
ready poultry samples contained L^ monocytogenes. The organism has been
reported to survive heat treatment in a number of foods (Doyle 1988,
Harrison and Carpenter 1989, Boyle et al. 1990) and in precooked chicken
(Kerr et al. 1990).

Results of a survey in the United States indicated that about 70% of ground
beef, 43% of pork sausage, and 48% of poultry are contaminated with
L_̂  monocytogenes (Brackett 1988).

D10-values have been determined for L^ monocytogenes by several workers
(Huhtanen et al. 1989, Patterson 1989, Farag et al. 1990, Shamsuzzaman
et al. 1992). Irradiation doses higher than 2.5 kGy are required to
completely eliminate Listeria from naturally contaminated raw chicken (Mead
et al. 1990, Lewis and Corry 1991), while a dose of 2.9 kGy and heat
treatment (65.6°C) of vacuum-packaged, inoculated (105 cfu/g) chicken
breasts, effectively removed Listeria (Shamsuzzaman et al. 1992, personal
communication).

Yersinia enterocolitica, also a nonsporogenic psychrotrophic pathogen, has
been recognized as another disease-causing bacteria that can contaminate
poultry. It poses a concern for refrigerated poultry because it can grow
at low temperatures, even below 5°C. However, Y_̂  enterocolitica cells are
among the most radiation-sensitive of the foodborne pathogens (Table 5;
El-Zawahry and Rowley 1979). A dose of 2 kGy at 5 or 25°C would reduce
Y. enterocolitica in meat by 10 log cycles, thus controlling it very
effectively. However, a recent report (Lamuka et al. 1992) indicates that
chicken carcasses, irradiated at a 2.5-kGy dose at 4°C, seems to show some
recovery of yersinia and camplylobacter but not of salmonellae.

6. SHELF-LIFE EXTENSION OF CHICKEN CARCASS AND MEAT BY RADURIZATION

It is clear from the foregoing that Salmonella can be eliminated by radici-
dation, and is controlled by low doses of radiation (radurization). There
are, however, some obvious questions that arise from such studies:

(i) can the shelf life of refrigerated chicken be extended by using
irradiation to control spoilage microorganisms, and

(ii) does the product retain good organoleptic/senscry qualities,
under the conditions of irradiation for radicidation and
radurization?
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These points are briefly addressed below, mainly from the microbiological
point of view (for the nutritional and chemical point of view, the reader
is referred to Singh (1988a)).

6.1 SPOILAGE MICROORGANISMS

The shelf life of raw poultry depends upon the interaction of several
intrinsic and extrinsic factors. These include the number and types of
spoilage organisms present initially, storage temperature, muscle type and
pH, the type of packaging material used, and the gaseous environment of the
product.

Refrigerated poultry products are usually stored and distributed at 0 to
4°C. Depending on the method of delivery, the carcasses are packed indivi-
dually or in bulk. Data on the shelf life of poultry give it 6 d at 4°C,
8 d at 1°C and 10 d at 0"C (Mulder 1984). Besides the organoleptic attri-
butes, the criteria for estimating the shelf life have been given as total
counts, at spoilage, of the microorganisms in the range of 106*5 to 108 by
Mulder (1984) or 107 to 108 by Gardner (1982).

6.1.1 Indigenous Microflora

The most important determinant of the shelf life of poultry products is the
control of spoilage microorganisms. The types of spoilage microorganisms
that generally contaminate poultry and can grow at refrigerated tempera-
tures (psychrotrophs) below 10°C are listed in Table 14.

The shelf life also depends on the initial microbial load. A product
carrying 100 organisms/cm2 would be expected to keep for -2 d longer at 5°C
than one carrying 10 000 organisms/cm2 (Barnes 1972). This illustrates the
importance of process control in relation to shelf life. In practice, the
incidence of psychrotrophs among the total microflora can vary from 1
to 10%.

During refrigerated storage, there is a marked change in the relative
proportion of the different psychrotrophs present, and at spoilage the
predominant organisms are usually pseudomonas, with somewhat lower levels
of Acinetobacter-Moraxella species and Alteromonas putrefaclens (Table 14).
Off-odors are detectable when the total count reaches ~108 organisms/cm2

and appear to be due to a variety of volatile compounds formed during
bacterial growth and food degradation. At spoilage, the compounds present
in chicken breast muscle stored at 2 or 10°C have been found to include
hydrogen sulfide, methyl mercaptan, dimethyl sulfide, dimethyl disulfide.
methyl acetate, ethyl acetate, heptadiene, methanol and ethanol (Freeman et
al. 1976), many of which probably contribute to the off-odors. In studies
with pure cultures, Cox et al. (1975) noted that non-pigmented strains of
the Pseudomonas species produced more intensive off-odors than pigmented
strains. Spoilage microorganisms have been shown to vary not only in the
off-odors they produce but also in their lipolytic and proteolytic proper-
ties (Barnes and Melton 1971; McMeekin 1975, 1977). More recently, similar
data have been published in a series of papers from the laboratory of
Schmidt-Lorenz and collaborators (Gallo et al. 1988, Regez et al. 1988,
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TABLE 14

PSYCHR0TR0PHS ASSOCIATED UITH POULTRY CARCASSES IN RELATION TO SPOILAGE"

Limits of Growth Distribution on Carcasses

Microorganism
Temperature Initialb on Spoilage atc

Pseudomonas species (Pigmented) -3 to 34
(non-pigmented)

Acinetobacter-Moraxella species
Alteromonas putrefaciens
Flavobacterium-Cytophaga species
Aeromonas species
Atypical lactobacilli
Brochothrix thermosphacta
Serratia liquefaciens and other
cold-tolerant coliforms 1 to 37

Yeasts and moulds -7 or -5

1
1
1
-1
1
1

to
to
to
or

to

28
34
34
less

34

50
i
20

70-80

10
10

Not found

May occur when
growth of
pseudoir >nas is
inhibited

• Based on data from Mead (1982) and Barnes (1973, 1976).
b Initial count ranging between 100 and 1000 cfu/cm2.
c On spoilage, count about 108 cfu/cm2.

Schmitt et al. 1988, Studer et al. 1988, Viehweg et al. 1989a,b,c), relat-
ing the eventual spoilage of poultry to the type and load of the bacterial
flora present, the slaughtering procedures used, packaging, and the storage
conditions.

Fewer organisms are capable of growth below 0°C than are able to grow at
4°C, and those which do so often undergo a lengthy lag phase (Mead 1982).
Therefore, the storage temperature over the range of 0 to 4°C is a critical
determinant of the shelf life.

6.1.2 Controlled Environment and Shelf Life

Apart from the ability to retain moisture, the most important property of
packaging film in relation to shelf life is its permeability to oxygen and
carbon dioxide. Shrimpton and Barnes (1960) showed that chicken carcasses
stored at 1°C in impermeable vacuum packs (vinylidene chloride-vinyl
chloride copolymer) kept for -5 d longer than those packed in gas-permeable
polyethylene. During storage, the oxygen content of the impermeable packs
decreased to -3 to 7%, while the carbon dioxide concentration rose up to 9
to 10%, resulting in slower growth of the microorganisms. At spoilage,
pseudomonas predominated on carcasses packed in polyethylene, but the
predominant organism in the vacuum packs was Alteromonas putrefaciens.
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With vacuum-packed chicken parts stored at 2 to 4°C, Arafa and Chen (1975)
found that Enterobacter species constituted 96% of the spoilage flora. In
the case of turkey carcasses wrapped in oxygen-impermeable film and stored
at 1JC, Barnes and Shrimpton (1968) found that the spoilage flora was
composed mainly of Brochothrix thermosphacta and atypical lactobacilli. A
later study of the shelf life and spoilage of duck carcasses (Barnes et al.
1979) showed, again, that pseudomonas predominated after storage in oxygen-
permeable packs at 2 or -1°C. The shelf life of -10 d at 2"C or 19 d at
-1°C was extended by more than 50% at either temperature by using
impermeable packs. With these, the predominant flora at spoilage consisted
of atypical lactobacilli and enterobacteria.

Studer et al. (1988) studied the influence of packaging on the development
of the spoilage flora in poultry carcasses stored at 4°C in a gas-tight
polyethylene bag, without any packing, and in a polyethylene bag that was
opened and closed several times for sampling. There were no significant
differences in the growth of the bacteria between the unpackaged poultry
and the package that was opened several times. In the gas-tight package
the bacteria grew more slowly, because the C02 content increased rapidly.
The Pseudomonas grew equally fast in all three storage conditions during
the first 8 d. Afterwards, their growth diminished while facultative
anaerobic groups like Aeromonas, lactobacilli, Enterobacteriaceae and
Brochothrix thermosphacta gained dominance. The microbiological shelf life
of the tightly packaged poultry was prolonged by about 30%.

It is clear that the use of oxygen-impermeable film leads to inhibition of
the Pseudomonas, an effect normally attributed to the buildup of carbon
dioxide within the packs, mainly from residual tissue respiration. It was
shown a long time ago by Coyne (1933) and Haines (1933) that the growth of
Pseudomonas is delayed in the presence of 10 to 20% carbon dioxide,
provided that the temperature remains below 4°C.

Bulk storage of poultry in chambers containing -20% carbon dioxide or
vacuum packs back-flushed with the gas are being used commercially in some
countries (Mead 1982). Odor tests have indicated that the longest shelf
life is obtained in gas packs containing 100% carbon dioxide (Partmann
et al. 1978, Bailey et al. 1979). However, Ogilvy and Ayres (1951)
reported that chickens showed rapid discoloration in atmospheres above 25%
C02 and some loss of "bloom" even above 15% C02. The optimal composition
of C02-enriched atmospheres for extending the shelf life of chill-stored
poultry meat does not yet seem to have been clearly established.

The effect of blending mechanically separated poultry meat under a modified
atmosphere consisting of vacuum, nitrogen and nitrogen containing 1 to 10%
carbon monoxide (CO) has also been investigated (McNeill et al. 1987). The
modified-atmosphere-treated meats were found to be more stable than the
controls. It should be noted that CO is poisonous, and thus requires
special handling procedures.

There is very little information on the effect of the use of the packaging
environment on the quality of irradiated chicken. A combination treatment
of irradiation of chicken with low levels of C02 may be useful, but the
required research and development work is just starting.
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6.1.3 Radurization and Shelf Life

The application of ionizing radiation to increase the shelf life of poultry
has been studied extensively. Mulder (1984) tabulated the results of
several workers with different doses and storage temperatures. The data
are shown in Table 15. Not all the literature data are consistent for the
same dose at different storage temperatures. For example, the experiments
at 5 kGy both resulted in an extension of shelf life by 14 d, in spite of
the different storage temperatures (1.1°C vs. 5°C).

The variation in the shelf life for the same dose reported by different
authors is probably a reflection of such factors as the handling of birds
during and after processing, precision of the temperature control, and the
initial microbial load of the indigenous bacteria.

Doses of 1 to 3 kGy appear necessary to destroy spoilage microflora
consisting of bacteria like Acinetobacter, Flavobacterium and Pseudomonas
(Proctor et al. 1956, Hannan and Shepherd 1959, McGill et al. 1959, Coleby
et al. 1960a, Elliot and Michener 1965, Rhodes 1965, Mercuri et al. 1967,
Kiss and Farkas 1967, Idziak and Incze 1968b). Figure 4 shows the changes
seen in the total aerobic plate count (APC) as a function of dose, storage
time and temperature (Kahan and Howker 1978). Low-dose treatments reduced

TABLE 15

EXTENSION OF SHELF LIFE OF POULTRY CARCASSES BY

IONIZING RADIATION AT VARIOUS STORAGE TEMPERATURES3

Dose
(kGy)

Storage
Temperature

Extension
of

Shelf Life
(d)

1.50
1.50
2.50
2.50
2.50
2.80
2.80
4.00
4.00
4.00
5.00
5.00
8.00

5
5
5
3
1
4.4
1.6
6
4
1
5
1.1
2

6
7.5

15
8

14
14
21
10
5
9

14
14
40

Data taken from Mulder (1984)
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the APC by several log cycles. Fresh chicken treated with a 5.6-kGy dose
and stored at 4.4°C had an APC at 21 d equivalent to that of unirradiated
freshly killed chicken (103 to 104 cfu/cm2, Figure A). The APC increased
by one log cycle in samples irradiated to 5.6 kGy after 29 d of storage.
Doses of 1.3 and 2.8 kGy resulted in APC equivalent to that of fresh
chicken after approximately 9 and 10 d of storage respectively, at 4.4°C.
However, in both these cases the counts increased faster during the follow-
ing 10 d than in the case of the 5.6-kGy irradiation. Irradiation at
1.3 kGy together with storage at 1.6°C reduced the APC to the fresh-chicken
level for 16 d, and for 21 d when irradiated to a dose of 2.8 kGy
(Figure 4). Katta et al. (1991) have shown by statistical treatment of
their data that more than 99% of the microbial load on the whole carcass
was eliminated at doses ranging from 1.5 to 2.0 kGy. Mulder (1982, 1984)
and Kwan (1986) have looked at the types of microflora in irradiated
chicken carcasses, chicken pieces and chicken meat. A detailed
distribution of various microflora in skin and thaw water from irradiated
and unirradiated chicken carcases is given in Table 16 (Mulder 1982, 1984).
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FIGURE 4: Effect of I r rad ia t ion Dose on APC on Chicken Carcasses Stored at
1.6 and 4.4°C, Based on Data of Kahan and Howksr (1978)



There is a shift from a mixed microflora (Gram-positive and Gram-negative)
to a Gram-positive microflora after irradiation (Table 16). As expected,
the proportion of Gram-positive cocci, and yeasts and molds, increases with
increasing radiation dose because of their relatively high radiation
resistance. The proportion of yeasts and molds did not increase in the
thaw water after irradiation, although it did increase in the skin samples.
Gram-negative rods decreased and were only found sporadically after high
doses of irradiation (Mulder 1982, 1984).

TABLE 16

MICROFLORA ON CHICKEN CARCASSES BEFORE AND AFTER IRRADIATION

TO DIFFERENT DOSES"

Dose (kGy)
Organism 0 1.0 2.0 2 .5 0 1.0 2.0 2.5

Skin (%)b Thaw Water (%)

Gram-Posi t ive Coccic 61.7 71.6 73.2 75.9 67.0 80.4 84.0 80.4
Ar th robac te r + + + + + + + +
Micrococci + _ _ _ _ _ _ -
S t r ep tococc i + + + + + + + +

Gram-Positive Rods0 2.3 16.0 12.1 6.9 9.4 2.1 2.4 8.7
Arthrobacter + _ _ _ _ _ _ _
Bacillus + + + + + + + +
Lactobacillus + _ _ _ _ _ - -

Gram-Negative Rodsc 32.6 9.1 4.9 - 18.8 12.4 6.2 6.6
Alcaligeue + - + - - - - -
Enterobacter + _ . _ _ _ - -
Escherichia coli + + - - + + - -
Proteus + - - - + - - -
Pscudomonas + _ _ _ _ _ +<i -
Salmonella + - - - + - - -

Yeasts and Moldsc 3.4 3.3 9.8 16.2 4.8 4.1 7.4 4.3

• Data taken from Mulder (1982, 1984).
b + indicates bacterium detected and - indicates bacterium not detected
c The percentages shown are for total flora.
d Pseudomonas identified as the P^ vesiculans species.
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A more detailed taxonomic investigation showed that the microflora of
carcasses treated with a radiation dose of 2.5 kGy consisted of bacilli,
micrococci, streptococci, yeasts and molds (Mulder 1984). Total counts on
the products treated with this dose (2.5 kGy) were between 100 and
1000 cfu/10 cm2. These counts are too low to cause any deleterious effect.
No new or unique strains were isolated after radiation treatment. After
treatment with 5 kGy, only isolates of yeasts and molds were obtained from
chicken carcasses (Thornley et al. I960). Irradiation destroys a certain
part of the natural microflora, and it is possible that different micro-
organisms will develop and increase after radiation (Charm and Ronsivalli
1967, Corlett 1967). Examples of this are the isolation of a Moraxella and
a Herellea vaginicola species by Idziak and Incze (1968a), which had not
previously been isolated from fresh unirradiated eviscerated poultry.
Although these are not pathogenic microorganisms, their occurrence indi-
cates the potential risk of higher doses (̂ 5 kGy) of radiation enabling
minor species to grow above normal levels.

Therefore, it is important to know how the growth of various microorganisms
changes following irradiation. As far as the microflora in chicken carcas-
ses and their products are concerned, indications are very good that no new
and harmful bacteria are produced up to a dose of 2.5 kGy (Mulder 1984).
The U.S. Food and Drug Administration (FDA 1990) reviewed the studies in
which chicken skins were inoculated with large numbers of C\_ botulinum
Type E, irradiated (3 kGy) and stored at 10°C and 30"C. The studies
demonstrated that irradiation of chicken at a dose of 3 kGy or less will
not result in any additional health hazard from C^ botulinum Type E.
Comparable studies have been conducted with C_̂  botulinum Types A and B.

Irradiation also provides good control of spoilage microorganisms in fresh
deboned chicken meat (Niemand and van der Linde 1982, Kwan et al. 1986),
and its shelf life is extended similarly to that of chicken carcasses.

6.2 EFFICACY TESTING AND REGULATORY CLEARANCES

Until 1988, irradiation of food in Canada was regulated under the Food
Additives Act by the Health Protection Branch, as described in the Informa-
tion Letter No. 651 of 1983, July 28. In 1988, the Health Protection
Branch established a new Division 27 of the Food and Drug Regulations to
deal exclusively with ionizing radiation, and transferred to this new
Division the irradiation regulatory provisions from Division 16, which
deals with food additives (Information Letter No. 746 of 1988, June 4).
Irradiation of any food or food product in Canada requires clearance for
use, which must conform to specified details as per this letter. At
present, there are four foods that have been cleared for this process
(Appendix D), but poultry is not one of these foods.

In 1973, the Division of Food Additives and Standards of Health and Welfare
Canada gave unrestricted clearance for the use of a maximum dose of 7 kGy
for irradiation of poultry for the control of Salmonella, based on a sub-
mission by Atomic Energy of Canada Limited in 1972. In 1979, Health and
Welfare Canada reissued the approval for poultry irradiation. This appro-
val was conditional on conducting commercial runs to demonstrate the
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feasibility of elimination of Salmonella under practical operating condi-
tions, since this had not been demonstrated on a commercial scale in
Canada.

A proposal to demonstrate the efficacy of controlling pathogenic microorga-
nisms in poultry and poultry products was submitted to Agriculture Canada,
Research Branch, and Supply and Services Canada by Diversified Research
Laboratories Ltd. on 1983 August 4. A contract for such an efficacy study
was issued on 198J December 13. Detailed protocols were prepared for the
primary production plants and the irradiation plant, along with post-
irradiation protocols for efficacy testing at the meat processing plants.
A copy of the relevant portion of the document summarizing the above
protocols is given in Appendix E.

On completion of the efficacy test, a detailed report prepared in collabor-
ation with Dr. Darrell Wood of the Food Research Institute of Agriculture
Canada was issued by Diversified Research Laboratories Ltd. in 1986 (Kwan
1986). On the basis of this work a petition was submitted by Atomic Energy
of Canada Limited Radiochemical Company (now Nordion International Incor-
porated) to Health and Welfare Canada for an unconditional clearance for
irradiation of fresh, frozen and deboned chicken, to a minimum dose of
2.5 kGy and a maximum dose of 6.5 kGy, in order to control Salmonella,
reduce the counts of other microorganisms and extend the shelf life of the
products.

The Food and Drug Administration in the U.S.A. approved, in 1990 May, the
use of irradiation, as being safe and effective to control a major source
of food-borne illness, the Salmonella and other illness-causing bacteria in
poultry. The treatment of poultry was approved for (1) whole carcasses or
disjointed carcasses that are "ready-to-cook poultry", or (2) mechanically
separated poultry product (a finely comminuted ingredient produced by the
mechanical deboning of poultry carcasses or parts of carcasses). The
approval limited the radiation dose to 3 kGy and required that the treated
poultry must be labelled to show that it had been treated with radiation,
along with an international logo symbolizing the process. The details of
the U.S.A. approval are given in Appendix F. In 1992 May, the Food Safety
and Inspection Service of the U.S.A. Department of Agriculture issued a
proposed rule (Irradiation of poultry products; proposed rule, 9 CFR
Part 381) to allow irradiation of (1) fresh or frozen, uncooked whole
poultry carcasses or parts known as "ready to cook poultry," which includes
such poultry products as fresh or frozen, uncooked ground, hand-boned, and
skinless poultry, and (2) mechanically separated poultry product, which is
a finely comminuted ingredient produced by the mechanical deboning of
poultry carcasses or parts of carcasses. Poultry products permitted to be
irradiated would include any uncooked poultry to which no other ingredients
have been added.
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7. RADAPPERTIZATION

When radiation doses of 20 to 50 kGy are used, it is possible to sterilize
(radappertize) poultry carcasses (Darmady et al. 1961), but this is accom-
panied by severe changes in organoleptic qualities, such as odor, color and
flavor. Besides color changes, the major problem in radappertized poultry
is that enzyme-mediated deterioration continues, particularly if the
poultry is stored at ambient temperatures. Therefore, both heat treatment
to inactivate the enzymes and radiation treatment to eliminate microorga-
nisms are necessary. Most of the work in this area has therefore
concentrated on enzyme-inactivated deboned chicken meat (Wierbicki 1984,
1985; Merritt 1984) irradiated in the frozen state.

Since the major requirement in sterilized meats is to inactivate
Clostridium botulinum spores, an inoculated pack study using these spores
was carried out by Anellis et al. (1977) to determine the dose sufficient
to kill these spores. The irradiation sterilizing dose (under the 12-D
concept, i.e., 12 times D10 dose for 12 log reduction) for the chicken
product used was determined to be 42.7 kGy at an irradiation temperature of
-20° ± 10°C (Anellis et al. 1977). An area of concern in irradiation
sterilization of foods is that viruses are more radiation resistant than
the most resistant bacterial spores (e.g., Ĉ_ botulinum. types A and B;
Grecz et al. 1983). Some members of the Moraxella-Acinetobacter group of
bacteria are also more radiation resistant than the C^ botulinum spores
(Welch and Maxcy 1975). These radiation-resistant bacteria and viruses
are, however, far more sensitive to heat (Grecz et al. 1983, Firstenber-
Eden et al. 1982) and get inactivated during the heat inactivation of
enzymes (at 86.7°C). Readers interested in the toxicological safety
aspects of radappertized chicken meat should consult the detailed reports
on the results of the Raltech study; a brief summary of the same is given
in Appendix G and Singh (1988a).

8. COMPARISON OF ELECTRON AND GAMMA IRRADIATION

Other than the major study on radappertized chicken (Wierbicki, 1984, 1985;
Merritt 1984), in which both electron and gamma irradiation were used,
there is very little work on chicken that can be cited for a comparison of
the efficiencies of the two types of irradiation for sterilization. There
is, however, substantial work on the effect of the two types of
irradiations on the chemical and nutritional aspects of chicken (Singh
1991).

A study (Gallien et al. 1983) on mechanically deboned chicken meat showed a
good control of microorganisms using doses between 1 and 5 kGy from a
20-MeV (5 to 20 kW) electron accelerator. However, no direct comparison
was made between gamma and electron irradiation, and organoleptic testing
does not seem to have been done.
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9. CONCLUSIONS

(1) Salmonella contamination of chicken is a major public health
concern, causing sickness and loss of productivity. Modern,
concentrated production methods increase the difficulty of
Salmonella control.

(2) The current and suggested treatments with chlorinated water or
heat pasteurization are unsatisfactory. In pasteurization, the
end product is partially cooked, and in the chlorine water wash
the poultry skin gets bleached if too much chlorine is used.
There is also a risk of formation of toxic chloro-organic
compounds.

(3) Further, the chlorine water wash does not completely eliminate
Salmonella. Low-dose radiation treatment is much more effective
for the control of Salmonella and it preserves the freshness of
the product.

(4) Irradiation of fresh chicken carcasses and pieces or deboned
chicken meat with a dose of 2.5 kGy seems to be sufficient to
eliminate naturally occurring Salmonella contamination, which is
generally present in extremely low numbers on this continent
(1 to 3 cells/100 g). For elimination of Salmonella in frozen
chicken, doses higher than 2.5 kGy are required.

(5) The 2.5-kGy dose also appears to be sufficient to eliminate or
control other bacterial pathogens like Campylobactor jejuni,
Yersinia enterocoli tica, etc.

(6) The microbiological shelf life of fresh chicken carcass or
deboned chicken meat (6 to 11 d) is extended by a factor of 2 to
3 on irradiation to a dose of 2.5 kGy followed by storage between
1 and 4°C.

(7) In radappertization (at a dose of $45 kGy at -30°C), the shelf
life of enzyme-inactivated chicken meat is extended to years, on
storage at ambient temperatures (~20°C).

(8) More work is needed on treatment involving irradiation in a C02

micro-environment to determine if there is any beneficial syner-
gistic effect of this combination, both for chicken and other
meats.
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TABLE A-l

STATUS OF APPROVAL OF POULTRY IRRADIATION*

Country
(Organization) Product Purpose of Irradiation Sort of Clearance

Dose Permitted

Bangladesh

Brazil

Chile
FAO/IAEA/WHO
Expert Committee
1979

France

Hungary
Israel

Netherlands
South Africa
Syrian Arab
Republic

Thailand

Union of Soviet
Socialist
Republics13

United Kingdom
United States
of America

Yugoslavia

chicken

poultry

chicken

chicken

mechanically
deboned poultry
meat
poultry ground,
chopped or cut
frozen chicken
poultry and
poultry sections
poultry
chicken
chicken

chicken

poultry, eviscer
ated (in plastic
bags)
poultry
poultry

fresh poultry

shelf-life extension/
decontamination
shelf-life extension/
decontamination
decontamination

shelf-life extension/
decontamination
decontamination

decontamination

decontamination
shelf-life extension
decontamination
decontamination
shelf-life extension/
shelf-life extension/
reduction of pathogenic
microorganisms like
Salmonella in dressed
chicken
decontamination and
shelf-life
shelf-life extension

shelf-life extension/
decontamination

unconditional

unconditional

unconditional

unconditional

unconditional

unconditional

test marketing
uncondi tional

temporary for 2 yrs.
unconditional
unconditional

up to

up to

up to

2-7

up to

5

7

7

7

5

4
7 average

3
2 min.
7

- 7 max.

1983 December 28

1̂ -85 March 8

1982 December 29

1976 September 7

1985 February 6

1990 August 27

1983 October 3
1987 February 17

1988 October 20
1978 August 25
1986 August 2

unconditional

experimental
batches

unconditional
unconditional

unconditional

7 average
3

up to 10

1986 December 4

1966 July 4

1990 May 1

1984 December 17

1 Data compiled from Food Irradiation Newsletter, Supplement, 1991. List of Clearances. FAO/IAEA, \5, 2-15.
b Now Commonwealth of Independent States (CIS).
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Production of poultry and poultry products in Canada (Statistics Canada,
1986) is given in Table B-l.

TABLE B-l

POULTRY MEAT SUPPLY. 1980-1986

Calendar

1980
19R1
1982
1983
1984
1985
1986

1980
1981
1982
1983
1984
1985
1986

1980
1981
1982
1983
1984
1985
1986

1980
1981
1982
1983
1984
1985
19B6

Supply

StockB at Production3

Jnnmiry I

Eviscerated weight
Stewing

metrlc t
21 885
14 54B
19 722
16 482
10 677
17 032
15 681

Stewing

2 048
1 512
2 171
2 166
1 145
I 855
1 968

Chicken

19 837
13 036
17 551
14 316
9 532
15 177
13 713

Turkey

18 275
16 B82
12 465
13 439
9 923
8 555
11 101

hen and chicken

:onnes
421 285
431 243
429 949
4 30 201
460 762
505 474
523 571

hen

31 082
32 444
32 573
35 018
33 361
33 362
35 875

390 203
398 799
397 376
395 183
4?7 401
472 112
487 696

100 454
95 435
97 510
96 792
97 721
102 442
104 906

Imports

20 272
24 563
29 274
34 654
38 858
30 623
33 071

370
1 093
3 043
5 145
2 774
2 855
2 997

19 902
23 470
26 231
29 509
36 084
27 76B
30 074

1 631
2 359
1 926
1 561
1 735
3 450
5 250

Total

463 442
470 354
478 945
481 337
510 297
553 129
572 323

33 500
35 049
37 787
42 329
37 280
3fl 072
40 840

429 942
435 305
441 158
439 008
473 017
515 057
531 483

120 360
114 676
111 901
111 792
109 379
114 447
121 257

F.xportB

4 657
2 926
2 212
1 052

714
2 553

893

1 608
355
787

1 028
253
239
432

3 049
2 571
1 425

24
461

2 314
461

953
1 169
707
832

1 445
1 978
2 R77

Rtnckq rtt
December 31

14 548
19 722
16 482
10 677
17 032
15 681
13 5B0

1 512
2 171
2 166
1 145
1 855
1 968
2 54 2

13 036
17 551
14 316
9 532
15 177
13 713
11 038

16 882
12 465
13 439
9 923
8 555
11 101
U 147

HomostIc

Total

444 237
447 706
460 251
469 608
492 551
534 895
557 850

30 380
32 523
34 834
40 156
35 172
35 865
37 866

413 857
415 183
425 417
429 452
457 379
499 030
519 984

102 525
101 042
97 755
101 037
99 379
101 368
107 233

Disposition

dlfirtpprnrnnce

kilograms
18.5
18.4
18.7
18.8
19.6
21 .1
21.8

1 .3
1.3
1 .4
1.6
1 .4
1.4
1.5

17.2
17.1
17.3
17.2
18.2
19.7
20.3

4.3
4.2
4.0
4.1
4.0
4.0
4.2

Newfoundland Is Included In chicken and stewing hen production In 1981 to date,
are not available. Information compiled from Statistics Canada, 1986.

Data on turkeys
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Stewing hen and chicken meat production in Canada is given, by province,
for the period 1981-1986 (Statistics Canada, 1986) in Table B-2.

TABLE B-2

STEWING HEN AND CHICKEN MEAT'

19*7

1914

19*5
l«Hft

1411
l»«7
1 " 1

'<|6
074
Hf.9
17*
141
9 1 0

1 1 1

I M

I d 4
v. ;

4
1
4
5
1

017
O i l
« 1 4

4<i6
\nfc.
M »

7in
M i l

* A *

M i l

4 Kin

1
I
1

«R

71

1 51
H4.

7 hi

m
74)

1 77ft

* 7no

) HI

I1IU

1986

|SA4
19*5

19PJ
194)
I 1 ) * *

410
fcfcQ

771
IV

14
|4

16
IB

11

11
11
17
11
t *

J M
64)

444
176

770

517
6 "
11»
VJ
7)»

71
71

76
27

16
17
17
19
?n
10

111
472

401
719

M O
117
171
4',7
10*
177

II 01*

77 4 ) 4 119 ',*(.
717 7*0

1
3
1
J
4

4.1* 1

t n t
RIB
• « «

Tin

m i
m
V I

m
m

6
J
T

in

n
u

9 1 *
7*9

11)
m i
M 4

77.
27

111 1
7"6 1
7 1 * 1
774 1
101 1
711 1

11 t
|nq

111
17*
171
I I *

54* f

74}
170
5*0

0 5'.1
0 3r.7
0 t i l
t IB 7
1 350
7 677

7 B71
7 P14
7 111
H !"7
B 7 10
9 917

1 4 t i l

20^ 79 771
111 81 7?l

I )
I I
U
M
t l
17

10
10
10
I I
17
11

171

• 71

460
ISO
M i l

446
111
101
M l
741
091

17*
54 7
771
i n
4*6
168

111

M l

1

71
Jt»

11
76
14
JT

16
17
17
19
19
70

1*1

1)7

861
i n
441

i n ]
105
IOB
771
611
0 7 *

76)
041
7*0
114
9*7
419

1A9

77B
Ift9

70% l
197

I I 117
I I 198

in 69i
II I'l

I 111
« 667

Of. 1
M O 7
t i l 9

179 IPO
100 16J
111 )>6

1986

S»»*«
19»l
I9B7
19*1
1*44
19*1
(9" l

1
11
1

16

IB

9

9
10
n

11

711
7«1
615
S4)
711
14)

174

641

1 I*
111

71
71
71
77
71
76

. 4

14
M

n

4 '
7"
(W
44

71

OH

)<i

*7
j \

" 1

4 1

7^
7*
71
11

1 Id

19

i 70
71
11
14

I |

; i
HI
m
4 0

7
7
7
1
7

047 I

M .

9 *

9 4

1

ft91

M I S

t n ;
4 19
414

*nn
too

no.

* 1 *
mi
I 9 O

n i l

i
7
7
1
7

7

7

1
I
1
1

• 7 |
7*9
»I7
444
416

. 7 *

671
flnj
• '•I

t

1
1
1
t

ti',\
915
117
4'. ft

700
170

457

716
B&4
*fi9
971

I \
17

1 1
14
11

B

„9
q

m
79*

m
0*9
M l
7*1

H I

n?7
i l l
771

1*
I *
14
71
J )

11
17
17
1)
14

415
Q'lA
f>J5
444
7,74

01 )
761
94*
4)7
074

71
77
71
17
)'•
14

1 *
11
10
71
77

t,l.7
719
100
fc'O
709
772

t',7

O i l

flrti lah Coluabl*
1941
I9PI7

14 471
17 H O

14 71T
10 796 174

U 717 7 " I
»>«. JMi 7 in

7 !"(•
3 tnn

'•7 7 410
81 70(1 1 |H1

1 tl'i)
1 417

4 110
7 7 ' 1
7 144
b 070
6 107

I Oi l
6 ' )

1! 1*,'

1? on

76 V *
77 670
79 7 ) 1
I I ''I
15 111

4-1 M l
47 1«7
41 1H
A) 179
(1 *0 l
44 760

67 *^1
66 7*<>
*,/. ! « /
71 014
77 I M
6H 1B7

1MJ
194)
I9H4

I ' l l *79

111 120

*U 7'.)

tin 701

1 0 1 4 7 4

77 971
77 m
77 140

17 444
17 I M
11 01B
1) 161

i 117
I P0&

II 110

UH 767
?• ; IR7
)74 147
J15 fc!6
174 ?B)

197 T76
311 1«1
4JI ifM

tO«. ?7fc
594 7)9
51) 545

101 654
71! 944
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Production of turkey meat in Canada is given, by province, for the period
1981-1986 (Statistics Canada, 1986) in Table B-3.

TABLE B-3

TURKEY MEAT PRODUCTION, BY PROVINCE, 1981 - 1986

1961
19S2

I9B3
1984
1985
1936

Hova Scotia
1981
1982
1983
I9B4
1983
1986

I9BI
1982
1983
1984
1985
1986

19P1
1992
1983
191'.
19H5
19B6

1981
1982
1983
1914

1985
1986

Frltlah Coluiabll
19BI
1982
198)
1984
1985
1986

1981
1982
1983
19H
1985

1986

Bird.

•000

1
I
1
1

424
424
445
39 7

413
513

251
304
3'8
214
319
32J

598
«72
ill
6'.9

70S
718

472
319
205
429
383
318

1 355
1 516
1 355
1 495
1 624
1 598

16 791

17 084

16 640

16 763

17 002

17 061

Weight

vetrlc
tonnee

i
8
6
II

773
611
(111
607

1 766
1 120

1 119
1 174
967

1 110
1 787
1 311

4 010
4 710
4 4J)

4 615
4 857
4 632

8 853
8 0'<6
7 4!>3
9 018
8 727
9 024

8 477
9 475
B 3F7
B 718
9 64)

10 120

95 4 U
97 510
96 852
•7 771
102 l'<2
104 906

v.i,,.

I'OOO

7
11
12
19

9'.8
fl',6
071
913
IM
816

917
052

1 677
! 022
1 269
1 294

7 016
) )H6
l sno
! 1(6
t 74)
1 338

15 556
14 370
12 601
16 414
13 970
16 424

14 732
16 865
14 159
15 614
16 682
18 498

164 0B0
169 281
161 69B
I K It*
W 7 725
181 906

Blrdi

•000

—
—

—

--

1
t
1
|
1

__
—
—
—
—
—

23
36
36
35
3B
38

2«
26
24
28
27
25

Height

retrle
tannri

...

...

...

4
4
4
4
t

15?
25)
7)8
249
261
245

173
159
149
.77
170
171

19
25
25
25

1 31
14

B4 3?B
97 624
94 595
96 6)5
100 651
tr 631

lalue

t'000

...

7
7
7
7
7

...

770
I,',',
391
452
470
441

30'.
28'.
251
324

III
111

3)
44
I)
45
42
43

91?
1 091
99)

1 118
1 156
1 132

• ltd!

•000

1
2
1
I

42S

473
4', 4
39>i
412
912

251
304
248
2*&
31?
323

573
616
6U

61'.
6J0
6 80

1 40',

1 7?)
1 111
1 401
1 356
1 ?93

I 352

" 512

1

. - n
1 620
1 594

16 707
16 987
16 V.6
16 169
16 902
16 963

Weight

aetrte
tonnea

4
8
6
11
...

723
679
(illl
601
762
116

119
1M
If 7
11'
2P2
311

I '.11

115
V,i
306

I 596
4 387

8 6B0
7 M I
7 )]••

8 V. I
» 557
8 85)

1 408
9 450
8 36?
B 693
9 H»

10 197

94 906
96 896
96 257
97 086
101 791
104 268

Sold

Value

9'000

7
13
12
19

2 9'.a
2 B)9
3 014
2 106
3 154
3 809

1 917
2 052
1 ill
1 Oil
2 269
2 294

6 7'6
7 nr, z
1 C')2
1 92'.
8 271
7 89 7

15 752
1'. 08 ft
12 350
16 170
15 659
16 113

14 699
IS 871
14 416
15 569
16 t'O
23 485

16) 168
169 IA7
160 70!
17 5 000
176 569
185 804

Newfoundland dn t• not •?•IiflH r•
Inforanclon compiled frem Statistic* Canadi,
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According to Statistics Canada (personal communication) the updated
statistics are likely to become available after the middle of 1992.

REFERENCES

Statistics Canada. 1986. Production of Poultry and Eggs. Catalogue
23-302 Annual.
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APPENDIX C

COST/BENEFIT COMPARISON OF TECHNIQUES TO CONTROL SALMONELLA
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TABLE C-l

COMPARISON OF COST/BENEFIT ANALYSIS FOR SALMONELLA3 CONTROL

Control Estimated Cost Benefit Other
Effective- (million S) (million $) Benefits
ness (%)

1.

2.

3.

4.

5.

6.

7.

Clean hatching eggs
and clean hatchery

Clean feed

Clean rendered
products

Clean up grower
barns

Nurmi culture

Clean poultry
crates

Use of chlorine
dioxide

40

80

80

40

75

100

50

$ 2.93

4.6

0.96

5.66

19.26

0.63

1.02

$ 0.57

2.87

1.44

3.72

10.76

5.25

10.50

- Reduction in other
poultry diseases

- Reduction in other
poultry diseases

- Reduction in other
bacteria

- Reduction in other
Dathoeens. increased

8. Irradiation 100

9. Clean poultry 80
processing

10. Education of the 5
hcmemaker

11. Education of food 16
service sector

shelf life (2.5 days)

13.86 21.00 - Reduction in other
pathogens, increased
shelf life.

0.

0.

45

35

3.

4.

36

20

- Reduction
bacteria

- Reduction

in

in

other

other

1.38

bacteria, and in
salmonellosis by other
foods

13.44 - Reduction in other
bacteria and in
salmonellosis by other
foods

The benefits refer to the reduction in human salmonellosis and associated costs
and/or an increase in the productivity in the poultry sector. Data taken from
Curtin (1984).
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Curtin, L. 1984. Economic Study of Salmonella poisoning and control
measures Canada. Agriculture Canada Working Paper 11/84.
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In Canada, irradiation of food is presently regulated under the Food
Irradiation Act of Division 16, Food and Drug Regulations. Provision
exists under this act for the use of "gamma radiation from a Cobalt-60
source" in potatoes and onions as an antisprouting agent; wheat, flour and
whole wheat flour for deinfestation purposes; and whole or grcund spices
and dehydrated seasoning preparations as shown in Table D-l.

TABLE D-l

FOODS PERMITTED FOR IRRADIATION IN CANADA8

Food Permitted Source Purpose of Treatment
Permitted

Absorbed Dose

1. Potatoes Cobalt-60
(Solanum
tuberosum L.)

2. Onions Cobalt-60
(Allium cepa)

3. Wheat, flour, Cobalt-60
whole wheat flour

4. Whole or ground Cobalt-60,
spices and Cesium-137, or
dehydrated seasoning electrons from

(3 Mev max.)

To inhibit sprouting 0.15 kGy max.
during storage

To inhibit sprouting 0.15 kGy max.
during storage

To control insect 0.75 kGy max.
infestation in stored
food

To reduce microbial
load

10.0 kGy max.
total overall
average dose

a Information taken from Information Letter, 1988.

REFERENCE

1. Information Letter No. 746 1988, June 4. Health Protection Branch,
Health and Welfare Canada
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APPENDIX E

SUMMARY OF THE PROPOSAL ON EFFICACY TESTING OF CHICKEN

Diversified Research Laboratories Ltd.
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Salmonella is a potentially deadly bacteria found in over 40% of uncooked
poultry and poultry products, typically mechanically separated chicken meat
(MSCM), sold in Canada. A Salmonella Coordinating Unit has been created in
the Department of Agriculture with a mandate to implement processes to
reduce contamination levels to below 10%. In addition, Yersinia and
Campylobacter are growing public health concerns associated with poultry
products. From a business view point, the elimination of pathogens in
these products accompanied by an extension in shelf life could potentially
provide excellent market expansion possibilities, especially in the foreign
market and the baby foods industry. We therefore submit this proposal with
the following objectives:

(1) To demonstrate under commercial conditions that a low level of
gamma radiation will effectively eliminate Salmonella and other
pathogenic microorganisms from fresh or frozen broilers and MSCM.

(2) To demonstrate that a low dose of gamma radiation will increase
the shelf life of fresh broilers and MSCM.

(3) To study the effect of gamma irradiation on the chemical,
physical, functional and sensory quality of MSCM.

(4) To examine the quality of some typical processed meat products
made from irradiated MSCM.

The anticipated benefits to be expected from this project include the
following:

(1) A practical method of pathogen control in fresh and frozen
broilers and MSCM will be demonstrated to both the government and
the Canadian poultry industry. The gamma process offers a unique
solution to an existing problem.

(2) A submission substantiating and requesting approval of gamma
processing of poultry will be prepared for Health and Welfare
Canada. Approval will stimulate growth of a new food processing
industry in Canada.

(3) The potential exists for a reduction in the costs for health care
of patients suffering from food poisoning. In 1978, there were
8474 confirmed cases of Salmonella poisoning alone, in Canada,
which utilized an estimated 111 000 hospital days.

(4) The Canadian poultry industry and the meat processing industry
will be in a position to evaluate the market opportunities
presented by the increased shelf life of fresh broilers and MSCM
as a result of gamma processing. Fresh breakfast sausage made
with MSCM, for example, may be one of the new products with
promising market opportunities.

(5) New and expanded market opportunities for the export of MSCM will
be made available to Protein Foods Group Corporation and the MSCM
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industry in general. Presently the off-shore sales of protein
foods are 20% of production and could easily be over 50% if this
is proved to be a viable method of eliminating pathogens from the
product.

(6) Isomedix Incorporated hopes to diversify and extend their exist-
ing gamma irradiation service to the food industry in Canada and
the world. It is possible that Isomedix Corporation may, in
future, construct new radiation facilities in locations other
than Whitby, thereby expanding the service radiation industry in
Canada.

(7) Diversified Research Laboratories (DRL) Limited will apply tradi-
tionally accepted microbiological techniques to a new food pro-
cess and in so doing will develop expertise in this new market.

(8) Atomic Energy of Canada Limited, Commercial Products, is the
world leader in the design, manufacture, and distribution of
irradiation equipment and associated sources. This proposal
offers AECL-CP the opportunity to develop equipment for a new
application of radiation in the food industry. The equipment and
sources will be manufactured and distributed in Canada and export
markets, including the more than 80 countries where AECL-CP
currently has equipment installed.

E.I PROTOCOLS TO BE USED IN THE STUDY

E.I.I PROTOCOL AT THE PRIMARY PRODUCTION PLANTS

E.1.1.1 Mechanically Separated Chicken Meat (MSCM)

(1) Raw materials (backs and necks) from one lot will be used for
each run.

(2) Upon receipt of raw materials, the following will be recorded:

(a) supplier identification
(b) type identification (necks, backs, frames, skin-on, skin-off)
(c) kill date
(d) temperature of product.

(3) At deboning, the following will be recorded:

(a) temperature after deboning
(b) fat, moisture, protein level and bone size of the lot.

(4) A special code will be incorporated into the packaging material
to identify the lot.

(5) Positive control samples for MSCM will be prepared in the fresh
state by mixing a reconstitute' freeze-dried culture of
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Salmonella typhymurium (ATCC 14028) in the product to a concen-
tration of approximately 10 000 cfu/g. The preparation of the
positive control samples will take place at the Protein Foods
plant in Paris, Ontario. It will be conducted in the raw mater-
ial receiving room at the end of the production day prior to
cleaning and sanitization and under the supervision of DRL and
Protein Foods staff. The positive control samples will then be
hand packed in regular cartons and identified. The cartons are
sanitized on the outside and then stored at the appropriate temp-
erature. At least 2 cartons or products will be prepared as
positive controls for each run. All the equipment and utensils
used in the process will be cleaned and sanitized immediately
after use.

(6) The storage chill room or freezer will be identified.

(7) The fresh MSCM will be transported to Isomedix within a day and
the frozen product on day 5 to permit complete freezing.
Positive control sample will be shipped at the same time and
segregated from the other samples.

(8) The amount and number of cartons shipped to Isomedix will be
recorded.

(9) For delivery to Isomedix, special refrigerated trucks (-18°C)
will be used for the 3-h trip.

E.I.1.2 Poultry and Poultry Parts

(1) Products from the same production lot will be used for each test
run.

(2) The following information on the lot will be recorded:

(a) kill date
(b) average weight
(c) temperature of product after chill or freezing
(d) supplier identification

(3) A special code will be incorporated into the packaging material
to identify the product intended for testing.

(4) Positive Control samples for poultry and poultry parts will be
prepared in the fresh state under the supervision of DRL and the
poultry plant management personnel. This is accomplished by
soaking the products in a reconstituted freeze-dried Salmonella
typhymurium (ATCC 14028) culture solution at a concentration of
10 000 cfu/mL. This will be performed at the poultry plant in an
isolated area at the end of the production day. The poultry ^nd
poultry parts will then be packaged and the outside of the
package sanitized with a spray of 200 Mg/g chlorine solution. At
least 2 cartons of each type of product will be prepared as
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positive controls for each run. These positive controls will be
properly identified and stored at the appropriate temperature
before shipping. All the equipment and utensils used in the
process will be cleaned and sanitized immediately after use.

(5) The storage chill room or freezer will be identified.

(6) The fresh poultry or poultry parts will be transported to
Isomedix within a day and the frozen product on day 5 to permit
complete freezing. Positive control samples will be shipped at
the same time and segregated from the other samples.

(7) The weight and number of cartons shipped to Isomedix will be
recorded.

(8) For delivery to Isomedix, special refrigerated trucks (-18°C)
will be used for the 3-h trip.

E.1.2 PROTOCOL AT THE IRRADIATION PLANT

(1) All plant operations will be shut down during the testing.

(2) Upon arrival, every case of poultry will be counted and recorded
to ensure shipped and received quantities are correct.

(3) All personnel performing the loading and unloading of the trucks
will wear disposable lab coats and gloves.

(4) All product to be irradiated will be moved to the carrier loading
station.

(5) Each carrier will contain 22 cartons of poultry. Every carton
per carrier will be numbered 1 to 22, and loaded by number into a
specific area of the carrier (see Attachment A).

(6) Carrier inserts will be manufactured by Isomedix Corporation and
placed in each carrier of product. These inserts assist in
providing maximum dose uniformity.

(7) While the loading is being performed, dosimeters will be placed
as per Atomic Energy of Canada Ltd. instructions.

(8) When sufficient carriers have been loaded to ensure continuous
operation, the irradiation will be started.

(9) Starting times, cycle times, densities will be recorded.

(10) All equipment in direct contact with the product will be
sanitized and/or disposed of.

(11) Regular control samples (not irradiated) will be collected,
identified and loaded onto a refrigerated truck. (-18°C).
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(12) Upon exit from the cell area to the unload station, the dosi-
meters will be removed from the product. All dosimeters used in
the process will be read by qualified personnel under the
supervision of Atomic Energy of Canada Ltd.

(13) Irradiated products will be loaded onto a truck, (previously
sanitized) to be transported to a designated warehouse. At the
same time samples for further testing will be taken using the
numbered case system and at random and loaded onto a separate
truck for transportation to DRL. The temperature of the products
at the end of irradiation will be recorded (Attachment A).

E.I.3 POST-IRRADIATION PROTOCOL

E.I.3.1 Efficacy Testing

(1) DRL will accompany the irradiated products to ihe warehouse.
After unloading, the products will be properly segregated,
counted, identified and recorded.

(2) The samples received at DRL will be counted, identified, logged
and stored in designated storage areas at appropriate tempera-
tures prior to testing. The different control samples will be
segregated in handling and storage to avoiu cross-contamination.

(3) Access to the samples will be limited to authorized personnel and
the laboratory will be locked after hours.

(4) Testing will be performed according to the prescribed schedule
using acceptable methodology in an isolated area of the labora-
tory. Irradiated samples will be processed first, then regular
controls and finally positive controls.

(5) All personnel handling the sample and/or performing testing will
wear lab coats, and disinfectation of equipment and benches will
be carried out after each group of samples. All used lab coats
will be immediately disinfected or discarded immediately.

(6) 250 mL of spent fluid from the poultry and poultry parts testing
and 250 g of MSCM will be retained, labelled and frozen. The
rest of the samples will be autoclaved and discarded.

(7) Samples for shelf life testing will be drawn from the same carton
for each test. Each time samples are taken out for testing, the
amount will be recorded.

E.1.4 PROTOCOLS AT THE MEAT PROCESSING PLANT

(1) Every time irradiated and control samples are drawn from the
warehouse for processing test batches of meat products as out-
lined in the proposal, DRL will be notified of the type and
amount of the samples to be withdrawn.
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(2) A designated officer at the meat processing plant will be put in
charge of the samples from the time they enter the plant to the
time they are processed into finished products.

(3) DRL will be present at the processing of each test batch of the
products.

(4) Upon arrival at the processing plant, the MSCM samples are
counted, weighed and stored in a designated area. Special
identification tags will be put onto each carton of samples for
identification.

(5) Any amount of irradiated and control MSCM used in the processing
will be recorded.

(6) All raw materials, in processed materials and the finished
products associated with the test batches, will be identified by
special identification tags on the trays, bins and trees, and
pallets, etc., throughout the process.
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DEPARTMENT Of HEALTH AND
HUMAN SERVICES

Food and Drug Administration

21 CFR Part 179

I Docket No*. S8F-O507 and MF-0509!

Irradiation in the Production,
Processing and Handling of Food

AGENCY: Food and Drug Administration.
HHS.
ACTION: Final rule.

SUMMARY: The Food and Drug
Administration (FDA) is amending the
food additive regulations to provide for
the safe use of sources of ionizing
radiation for the control of food-borne
pathogens in poultry. This action is in
response to petitions filed by Radiation
Technology, Inc.. and the U.S.
Department of Agriculture, Food Safety
and Inspection Service (FSISJ.
DATES: Effective May 2.1990: written
objections and requests for a hearing by
June 1.1890.
ADDRESSES: Written objections may be
sent to the Dockets Management Branch
(HFA-305), Food and Drug
Administration, Rm. 4-62, 5600 Fishers
Lane. Rockville, MD 20657.
FOR FURTHER INFORMATION CONTACT:
Laura M. Taranrino, Center for Food
Safety and Applied Nutrition (HFF-330).
Food and Drug Administration, 200 C St.
SW., Washington. DC 20204. 202-472-
5740.
SUPPUMKMTARV INFORMATION:
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ii Chronic rat study
iii. Beagle study
iv. FDA'i evaluation of the CIVO studies
2. Other toxicity studies in agency file*
a Raltech studies
b Genetic loxicity studies
3 Sumfnary of toxicological findings
B. Microbiological Considerations
1 Efficacy
2. Selective destruction of microorganisms
C. Nutritional Considerations

IV Current Good Manufacturing Practice
Considerations

V Labeling
VI. Comment
VII. Conclusions
VHL References
IX OhjecHons

I. Introduction
in a notice published in the Federal

Register of February 20.1987 (52 FR

5343). FDA announced that a food
additive petition (FAP 7M3974) had been
filed by the U.S. Department of
Agriculture, Food Safety and Inspection
Service. Washington, DC 20250,
proposing that § 179.26 Ionizing
radiation for the treatment of food (21
CFR 179.26) be amended to provide for
the safe use of sources of ionizing
radiation (gamma radiation, electron
radiation, and X-radiation) to control
food-borne pathogens by reducing the
amount of microorganisms, such as
Salmonella, Yersinia, and
Campylobacter, in poultry products.

In a notice published in the Federal
Register of March 3.1987 (52 FR 6391],
FDA announced that a food additive
petition (FAP 8M3422) had been filed by
Radiation Technology. Inc., 108 Lake
Denmark Rd., Rockaway, N) 07866,
proposing that § 179.26 be amended to
provide for the safe use of a source of
gamma radiation to irradiate poultry for
the purpose of extending shelf-life and
reducing the risk of salmonella
poisoning.

In recent years, there has been a
heightened awareness of the threat to
public health from food-borne illnesses
caused by pathogens, and in particular
those caused by Salmonella, on chicken
and other poultry. The subject petitions
request that FDA amend the food
additive regulations to provide for the
use of ionizing radiation to treat fresh or
frozen, uncooked poultry to reduce the
number of illness-causing
microorganisms on the food.

In this final rule, the agency is adding
to the authorized uses of ionizing
radiation the treatment of fresh or
frozen, uncooked poultry product* that
are: (1) Whole carcasses or disjointed
portions of such carcasses that are
"ready-to-cook poultry" within the
meaning of 9 CFR 381.1(b)(44) or (2)
mechanically separated poultry product
(a finely comminuted ingredient
produced by the mechanical deboning of
poultry carcasses or parts of carcasses).
The poultry can be irradiated at doses of
up to 3 kiloGray (300 kilorad) (one
kiloGray (kGy)=100 kilorad (krad)) for
control of food-borne pathogens. The
term "poultry," as used in this rule, is
defined by FSIS in 9 CFR 3811(b){40)
(i.e., any domesticated bird, including
chickens, turkeys, ducks, geese, or
guineas).

n. Determination of Safety
In 1958, Congress amended the

Federal Food. Drug, and Cosmetic Act
(the act) to prohibit the use of a new
food additive until the sponsor
establishes its safety, and FDA issues a
regulation specifying conditions of safe
use. A source of radiation was

specifically defined as a food additive in
section 201(s) of the act (21 U.S.C.
321(s)).

Under section 4O9(c)(3)(A) of the act
(21 U.S.C. 348(c)(3)(A)). the so-called
"general safety clause" of the statute, a
food additive cannot be approved for a
particular use unless a fair evaluation of
the data available to FDA establishes
that the additive is safe for that use. The
concept of safety embodied in the Food
Additives Amendment of 1958 is
explained in the legislative history of the
provision: "Safety requires proof of a
reasonable certainty that no harm will
result from the proposed use of an
additive. It does not—and cannot—
require proof beyond any possible doubt
that no harm will result under any
conceivable circumstances." (H. Rept.
2284. 85th Cong., 2d Sess. (1958).)

FDA has incorporated this concept of
safety into its food additive regulations.
Under 21 CFR 170.3(i). a food additive is
"safe" is "there is a reasonable certainty
in the minds of competent scientists that
the substance is not harmful under the
intended conditions of use." The agency
reviewed the data and studies submitted
in the petitions, as well as the entire
record in its files relevant to the safety
and wholesomeness of poultry treated
with ionizing radiation, in addition,
several letters were sent to FDA and
FSIS in opposition to the FSIS petition.
Most of these letters expressed
opposition in general terms and urged
FSIS to consider alternatives to reduce
the levels of Salmonella in poultry. They
provided no data or rationale, however,
on which to deny these petitions. Those
letters that addressed a specific issue
are discussed below.

III. Data Summary and Evaluation

The agency evaluated: (1) Toxicity
studies on irradiated chicken; (2) reports
on the efficacy of the process and on the
microbiological safety of the product;
and (3) stadies of the nutritional
adequacy of the product.

A. Toxicity Data

1. Toxicity Studies Submitted in the
Petition

The following reports of animal
feeding studies with irradiated chicken
were submitted in petiton FAP 8M3422
to demonstrate safety: An 80-week
carcinogeniciry study in mice carried out
at Bio-Research Laboratories for Atomic
Energy of Canada. Ltd., and a series of
three feeding studips carried out at
Centra a I Instituut Voor
Voedingsonderzoek (CIVO). The
Netherlands. The latter studies
consisted of: a multigeneration study in
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rats; a chronic study in rats; and a 1-
year toxicily study in beagle dogs.

a. Carcincgenicity study in mice. The
mouse chronic feeding study conducted
by Bio-Research Laboratories was
reported in summary form. In this study,
mice fed diets containing 50 percent by
weight of chicken irradiated at 7 kGy
(700 krad) or of nonirradiated chicken
were compared to mice fed a standard
commercial diet or a standard diet
containing a known carcinogen. Each
experimental group consisted of 100
male and 100 female mice. The authors
of the study reported that a variety of
internal neoplasms occurred in mice in
the control and the experimental groups,
but that the incidence and distribution
of the tumors in all groups (except that
in which the animals were fed a diet
containing a known carcinogen) were
comparable to values for spontaneously
occurring mouse rumors as reported in
the literature. The authors stated that
"* * * there is nothing in the overall
results that suggests a carcinogenetic
effect in mice of irradiated chicken."

The agency found that interpretation
of this study was confounded by high
rates of mortality and autolysis. In
addition, in the course of its initial
review of this study, the agency noted a
discrepancy in the numbers presented in
two of the study report tables for the
incidence of hepatomas in female mice
fed irradiated chicken. Specifically, 11
tumors of this type were reported in one
table, although data in a second table
were consistent with the occurrence of
just one such tumor in this group.

Because the data submitted on this
mouse study consisted of a summary
report without fall detail, and because of
the discrepancy concerning the
incidence of hepatomas, the agency
requested the original microslides and
individual animal data from the
laboratory where the study was
conducted. After receiving this
information, the agency found that the
slides were no longer readable because
the mounting medium had deteriorated,
and that the testing laboratory had not
conducted a complete histopathologic
examination. The discrepancy regarding
the number of hepatomas, however, was
resolved by a letter from the Director
General of the Food Directorate of
Health and Welfare, Canada (Ref. 1),
which stated that an examination of the
raw data confirmed that the discrepancy
was the result of a typographical error.
The correct figure was verified as one
hepatoma, a number not significantly
different from the numbers noted for this
tumor type in female mice fed the stock
diet or non irriadated chicken. The
agency finds that statistical analysis of

the available data from this study does
not raise a concern that irradiated
chicken is carcinogenic in mice (Ref. 2).
Because of deficiencies in the data,
however, the agency is not relying on
this study as a primary basis for
evaluating the safety of irradiation of
poultry.

"j. CIVO rat and dog studies. The
petitioner for FAP dM3422 also
submitted a series of three feeding
studies carried out at CIVO.

i. Mulligeneration study in rats. Rats
were fed a control baBal diet or a diet
containing chicken that had been
irradiated at 3 or 6 kGy (300 or 600
krad), or nonirradiated chicken, at a
level of 35 percent of the diet. The
investigators followed reproductive
performance through three successive
generations. The authors reported that
there were no consistent differences
between groups in measured
reproduction parameters, such as
fertility, number of young per litter, and
mortality in utero. Feeding of irradiated
chicken did not adversely affect body
weight, growth rate, and mortality of
offspring.

A 00-day subchronic feeding study
was conducted with animals from the
second litter of the third generation. The
investigators measured body weight,
hematologic parameters, and blood and
urine chemistry. After sacrifice, gross
and microscopic examinations of organs
and tissues were carried out. The
authors reported that no deaths
occurred during the course of the study,
and that growth rate, condition, and
behavior of the animals were normal.
There were no significant changes in
blood or urine composition. The authors
observed that body weights were
increased in the test groups, and that the
relative weights of liver and kidneys in
male rats fed chicken irradiated at 3
kGy were slightly increased. However,
the differences in organ weights were
not accompanied by gross or
microscopic abnormalities. The authors
concluded that chicken irradiated at 3
and 6 kGy'" * * did not evoke any
distinct deleterious effects when fed to
rats at a dietary level of 35% during four
generations."

ii. Chronic rat study. A second rat
feeding study was conducted at CIVO.
In this chronic Z-year study, rats were
fed a standard diet or a diet containing
nonirradiated or irradiated (3 or B kGy)
chicken at a level of 35 percent dry
matter. Each of the diets was fed to 80
male and 60 female rats. Observations
were made of appearance, behavior,
mortality, growth, hematologic
parameters, and blood and urine
chemistries. Extensive gross and

microscopic pathological examinations
were carried out.

The authors reported no differences
among groups in appearance, behavior,
mortality, or growth. Hematologic
factors and blood and urine chemistries
did not show distinct or consistent
changes among groups. All
abnormalities observed by gross and
microscopic examination of tissues were
those considered by the investigators to
be related to normal aging of rats, and
the type and incidence of the changes
were comparable in test and control
groups. There was no indication that the
feeding or irradiated chicken induced
neoplasms.

iii. Beagle study. In the third CIVO
feeding study, beagle dogs were fed a
standard diet or a diet containing 35
percent nonirradiated or irradiated (3 to
B kGy) chicken for 1 year. Each group of
dogs consisted of four males and four
females. The authors reported that
health, survival, appearance, behavior,
and growth of the animals were not
noticeably affected by inclusion of
irradiated chicken in the diet. They
found no evidence of abnormalities in
hematologic factors, organ weights, or
gross and microscopic appearance of
organs and tissues and concluded that
the feeding of irradiated chicken did not
induce any deleterious effects in the
dogs.

iv. FDA's evaluation of the CIVO
studies. Upon evaluation of these
feeding studies conducted at CIVO,
agency scientists found that the studies
appeared to be of high quality and that
there was no evidence of adverse effects
attributable to consumption of diets
containing chicken irradiated at 3 or 6
kGy (Refs. 3 and 4). However. FDA
examined the possibility that the
addition of ethoxyquin, an antioxidant
that was incorporated into the animals'
food to inhibit rancidity, could have
confounded the interpretation of this
series of tests.

The laboratory investigators had
noted that lipid peroxide values (a
measure of rancidity) increased in
chicken as a function of both storage
time and irradiation. Thus, the
investigators added ethoxyquin to the
chicken to prevent development of
rancidity in the chicken fat. Ethoxyquin
was incorporated into both the control
diets and the test diets to control for
possible confounding effects.
Nonetheless, the agency considered
whether ethoxyquin could have
decreased the ability of the studies to
show a carcinogenic effect because
dietary ethoxyquin and other
antinxidants have been reported to
inhibit the carcinogenic effects of
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i " i l j n i ( <in.mnt;i'iii(: i h e m i r d l s u n d e r
s o m e i . i indit i i i i i s | R e f 5) Th i ; a g e n c y
.ilsu i.unsiilen-d Hie question of whether
ftiicjvyqum riu^ht have tillered the
chemical changes ihiii might occur
during ihe irradiation process.1

The agency found that the level of
elhoxyquin used in the sludy (35 parts
per million (ppm) of c1' t) was much
lower than Ihe level f lown to inhibit
chemical carcinogenesis (around 10,000
ppm). Further, agency scientists
concluded that ethoxyquin is unlikely to
significantly alter the level and kind of
radiolytic products because the
ethoxyquin was not added to th1

chicken meat until after irradiation (for
further discussion, see Ref. 4). Therefore,
the agency concluded that the uae of
ethoxyquin did not confound the results
:if these Bludies

To vnsure that oil available data
relating to these three feeding studies
had bpen evaluated, the agency
requested and received necropsy and
histopalhology data on the individual
animals Review of these data supported
the agency's finding (Refg 3 and 4) that
these studies were well-conducted, and
that they provide no evidence of
treatment-related adverse toxicological
effects (Refs. 8 and 7).

2. Other Toxicity Studies in Agency
Files

Even (hough the studies submitted in
the petitions and discuased above were
adequate to establish that the
irradiation of poultry under the
conditions specified in the regulation
below dues not present a toxicological
hazard, the agency also evaluated the
other available studies of irradiated
chicken in its files.

a. Raltech studies A series of U.S.
Department of Agriculture sponsored
studies using chicken sterilized by
irradiation was conducted by Raltech
Scientific Services. The studies included
a chronic feeding study in mice, a
chronic feeding study in dogs, teratology
studies in four speciei, a dominant
lethal test in mice, a sex-linked
recessive test in Drosaphila
melanogaster, and an Ames
mutagenicity te«t. (Reports of these
studies are available through the

1 In 1982. FDA reviewed all available
toxicotogical studiea with irradiated food. The
agency ooitiiudad that the data were inadequate to
Bupport a decisieci that «U foods may be irradiated
safely al doaec up to 10 kC.v ( K I £1 FR 1J37« at
13378 and 1J3W. April H. 1M6J Agency scientists
concluded at that linte that the reports of the CJVO
Btudjec «b.d not completely acceptable for
evaluating the lately of all food* irradiated at doses
of up In 10 kCy because of o reserralioo. about the
use of ethoxyqoin- The agency twdtiot yet laade Its
determination. wfcioh ia ae* forth infra, about Ihe
significance of the ate of Ihii substance

N.i'.ninal 'let.huiiidl Information Sen ice
(see -HI KR 40623. October 17. 1984).) The
Raltet.h studies were earned out with
chicken thnl had been thermally
processed to inactivate enzymes, cooled
to approximately -40 °C. and irradiated
m the frozen state in the absence of air
at doses ranging from 45 to 59 kGy.
some 15 to 20 times the maximum dose
at issue in this rulemaking.

The agency discussed the findings of.
and its conclusions regarding, the
Raltech chronic feeding Btudiies in mice
and dogs, an incomplete study in rats,
and the sex-linked recessive study in
Drosophilo in its recent decisions on
irradiated foods on April 18,1986 (51 FR
13376 at 13386). and December 30, 1968
(53 FR 53176 al 531B8 through 53189).
(See also Ref. 8.) Those discussions are
incorporated herein*

The teratology studies conducted at
Raltech showed that feeding irradiated
chicken to hamsters, rabbits, rats, and
mice did not result in teratogenic effects
in offspring. The agency's review found
that the first three of these Btudies were
of good quality. The agency stated that
the study in mice, although negative,
was of limited value because of

1 Briefly, the agency responded to comments and
objections atleging that several of the Ratteen
Btudies showed adverse toxicoloescal effects
attributable to the feeding of radutfton-aleniized
chicken Specifically, the comments and objections
raised questions concerning the mutagenicrty test m
Dmsophtla and feeding slushes m mice dogt. and
rats

There was no evidence that radiation-slenkaed
chicken is mutagemc in the sex bned recessive
lethal study in Drasophila The agency addressed
an observation in this study of decreased numbers
of offspring in groups, raised on irradiated chicken
meal. The agency noted that decreased numbers of
offspring also occurred in those groups fed
nonirradialed chicken, compared to those fed a
control diet, and found that there was no evidence
to show thai radiation sterilization of cracieo
caused adverse reproductive effects in this tesL

The agency also considered whether the RaJtech
feeding study in mice showed a treatment-related
increase in tettlcular tumors Agency scientists
examined the histopathoiogy slides from this study
The data were also referred to the National
Toxicology Program s |NTP) Board of Scientific
Counselors for peer review FDA and NTP
pathologists agreed that the evidence did. not show
a treatment-related induction of lestioular tumors

With regard to tbe Raltica dngs feeding stody. the
agency considered a comment that male dogs fed
irradiated chicken hsd lower body weights uVan
dogs fed frozen chicken. The agency noted,
however, that the amount of fsod made a*attaWe to
the dogs was msnejntlated te obtain "ideal" body
weifhti and concluded that any difference ia body
weights was nol Ike result of radiation treatment

Finally, the agency considered an objection that
pointed to Ihe fact that a chronic feeding iltidy hi
rats was not coaspieled- Tbe ret leading study was
nol completed because of lactation faihtre in parent
females in ail diet groups, including control groups.
Thus, this study was nol evaluated bv the agency
The authors of the study reported thai there was no
evidence of loxicity from Ihe test diets during tbe 9
months of (he tesL

pi in edui.d n ,m s in iri.uldiiig tin1 da\a
(Ki-I H|

The diniiiiirtiil li-lh.il test m mice did
nut shuw adverse effects in animals fed
irradiated chicken, hiivwvei. KDA
considered that study to be unsuitable
for supporting safety because the
positive control also produced negative
results IRef. 8). KDA found that the
Ames mutagemcily test was well-
conducted and provided no evidence of
mulagenicity of irradiated chicken (Ref.
a).

The agency found no evidence in any
uf Ihe Raltech studies of adverse effects
that could be attributed to irradiation of
thicken at doses of up to 59 kGy (Ref. 8).
Because of differences in irradiation
conditions, the radiation-sterilized
chicken used in thefce studies does not
model the changes that would be
tupcied in chicken irradiated unfrozen
and m the presence uf air. Therefore,
FDA u nut relying on these studies as a
primary basts for a safety evaluation.
However, the agency finds that the lack
of treatment-"elated adverse effects in
the Raltech studies is consistent with
the ageacy'B conclusion lhat chicken
irradiated at 3 kGy dues not present a
lexicological ha id id

b. Genetic tux icily studies. The
agency HIBO reviewed several in vitro
and in vivo mutdgeneiiB and genetic
toxicity studies wilh irradiated chicken
that were carried out at the Federal
Research Centre fur Nutrition.
KarUruhe. Federal Republic of
Germany. These included: a reverse
mutation test in Salmonella
lyphiinutiunn a sifcier chromaiid
exchange and hyioxanthine-guanine
phoxpboribosyl transferee mutation
assay in cultured Chinese hamster ovary
cells, and a rnicroiiucleus test, bone
marrow aider chromabd exchange, and
sister chromalid exchange in
spermalo^onia. all in rodents. The
lnvestifliitors reported that chicken
irradiated at 7 kCy was not muiagenic

ill thnoti :t:H».
The agency found lhat the test* in

rodents (i.e.. bone marrow mtcronucleu*
tests in rats. mice, and hara»ter«; sister
chromatid exchange m bone marrow
cells of mice and haxnsten: and sisier
chromatid exchange in Bpermatogooia of
mice) showed that animals fed
irradiaJed chicken had numbers of
raicronu"lei or *i*lw chru jiatid
eKchhaagto i>i '}** ti»» ves exa nined
comparable to those fed noni -radiated
chicken. The agency found that these
studies demonstrate the lack of
mutageaic effects fnwn the irradiated
chicken diet (Ref. S]

Agency aoentrstn tuMed that
methodological deficienuea in the oti»ef
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studies limited their usefulness;
however, these scientists found no
evidence in any of these studies that
indicated that irradiated chicken was
mutagenic (Ref. 8).

3. Summary of Toxicological Findings

The agency has carefully reviewed the
studies submitted with the petitions and
the other available data and studies in
its files on the toxicological effects of
irradiated chicken. Adverse effects that
were attributable to the consumption of
irradiated chicken were not produced in
any of these studies. While, as noted
above, the agency found certain
deficiencies in some of the studies, the
agency concludes, based on all the
evidence before it, that the irradiation of
poultry at the petitioned level of up to 3
kGy does not present a toxicological
hazard.3

B. Microbiological Considerations

1. Efficacy

The petitioners provided several
reports and published papers describing
the effectiveness of low-dose irradiation
in reducing the number of
microorganisms on poultry and other
foods. For example, a number of reports
submitted in the petitions point out that
the radiation dose necessary to reduce
the initial population of Salmonella by
90 percent (i.e., the D value) ranges from
less than 0.5 kGy to approximately 1
kGy depending on such factors as the
strain and the temperature at which
irradiation is carried out (see, e.g., Ref.
10 for D values obtained under various
conditions). Other microorganisms of
potential public health significance,
specifically Yersinia and
Campylobacter, are even more
radiation-sensitive than Salmonella
(Refs. 11 and 12).

' In 1978. FDA established the Bureau of Food*
Irradiated Food Committee (BFIFC) to review the
existing agency policy concerning irradiation of
foods (Ref 9). BFIFC wai charged to recommend
"toxlcologic |tettingl requirements appropriate for
aueaaing the safety of irradiated food • • • ••
BFIFC concluded that foodi irradiated at doses
above 1 kCy and comprising more than 0.01 percent
of Ihe diet warrant toxicologic evaluation. BFIFC
recommended that foods Irradiated al doaes above
1 kGy be evaluated using a battery of mutagenicity
testa, as well as 90-day feeding itudies in two
species (one rodent, one nonrodent). and that the
rodent test Include in ulero exposure.

Among the studies of irradiated chicken thai were
evaluated by ihe agency were a battery of in vivo
mutagenicity tests that FDA determined to be
adequate to demonstrate safety In addition, FDA
reviewed a mulhgeneralion itudy in rats (including
a 90-day lubchronic feeding study), a chronic
carcinogenicity study in rats, and a 1 year feeding
study in dogs and found them lo be adequate lo
demonstrate Ihe lexicological safely of Ihe use oT
irradiation on poultry al the dose levels at issue in
Ihis regulation

The agency has reviewed these as
well as other published data and finds
that irradiation a! doses of up to 3 kGy
(300 krad) is effective in lowering the
burden of microorganisms in poultry. In
particular, irradiation at these doses is
effective in reducing the numbers of
such food-borne pathogens as
Salmonella, Yersinia. and
Campylobacter (Ref. 13).

2. Selective Destruction of
Microorganisms

The doses of radiation requested in
these petitions do not sterilize the food.
Thus, poultry treated in this way would
rcquire refrigeration and proper
handling by the retailer and consumer to
inhibit multiplication of surviving
organisms. While irradiation at a dose
of 3 kGy reduces the number of many
pathogenic and spoilage bacteria, it does
not eliminate the relatively radiation-
resistant spore-forming bacteria such as
Clostridium botulinum. C. botulinum,
however, does not ordinarily grow and
produce toxin under the refrigeration
conditions that should be used to store
fresh poultry. Nevertheless, the agency
considered whether C. botulinum could
grow and produce toxin without the
signs of spoilage familiar to the
consumer if proper temperature control
were not maintained.

FDA reviewed studies in which
chicken skins were inoculated with
large numbers of C. botulinum,
irradiated, and stored at a temperature
of 10 °C, to model poor refrigeration
conditions, and 30 'C, to model a severe
abuse temperature. These conditions
were chosen to provide a worst-case
scenario that would result in a much
greater burden of toxin than would be
expected under normal conditions.

In one series of studies (Refs. 14 to
16), chicken skins were inoculated with
C. botulinum Type E, irradiated,
incubated at 10 °C or 30 °C, and checked
daily for off-odors indicative of spoilage
and for toxin production.4 The authors
noted that irradiation appeared to injure
spores of C. botulinum because spores
on chicken skins irradiated at 3 kGy and
held at 10 "C did not produce toxin at
any time in the period studied, whereas
toxin was produce on the nonirradiated
chicken. After storage ai 30 "C, toxin
was produced on both irradiated and
nonirradiated chicken. However, under
all storage conditions, even those most

* Although C. batulinum Type E is associated
primarily with marine products, its response lo
radiation was studied because chickens may be fed
fish meal containing C botulinum Type E, and thus
il is conceivable thai Ihe Intestinal tract of poultry
may contain these organisms. Further. C. bolulinum
Type E will multiply and produce toxin at lower
temperatures than olher types of C. bolulinum.

fjvorablc to toxin production, the
natural flora surviving 3 kGy irradiation
produced off-odors characteristic of
spoilage before toxin was observed.

Another study examined the effect of
3 kGy irradiation on the growth of. and
toxin production by, C. botulinum Types
A and B on chicken skins (Ref. 17). The
investigators reported that toxin was not
formed from these varieties when the
chicken was stored at 10 °C. whether
irradiated or not. At the abuse
temperature of 30 °C, toxin was formed
in both irradiated and nonirradiated
chicken, but toxin formation was
delayed in the chicken subjected to
irradiation. In this case also, the natural
flora multiplied and produced an off-
odor indicative of spoilage by the time
samples became toxic.

Thus, these studies show that enough
of the normal flora survives in poultry
irradiated at 3 kGy (300 krad) that C.
botulinum, if present, would not render
the product toxic before the normal
signs of spoilage became evident. Based
on this evidence, the agency concludes .
that irradiation of poultry at 3 kGy does
not result in any additional health
hazard from C. botulinum (Ref. 13).

A letter to the agency contended thai
the irradiation process can accelerate
the growth of C. botulinum at doses
above 1 kGy (100 krad) and submitted
copies of three reports on the irradiation
of chicken skins inoculated with C.
botulinum Type E.

The reports submitted with the
comment were those discussed above
(Refs. 14 to 16) that showed that no
toxin was detected in the irradiated
chicken before it spoiled. One of these
reports (Ref. 16) described injury to C.
botulinum spores caused by irradiation
at doses of 1 to 4 kGy (100 to 400 krad).
as well as repair of such injury. The
other two reports (Refs. 14 and 15)
concluded that: (1) No toxin was
detected before spoilage occurred in
chicken irradiated at a dose of 3 kGy,
and (2) natural surviving microflora
grew faster than C. botulinum spores.
Thus, contrary to the assertion in the
letter, these studies demonstrate that
irradiation of chicken at a dose of 3 kGy
or less will net result in any additional-
health hazard from C. botulinum Type E.
As discussed above, comparable studies
have also been conducted with C.
botulinum Types A and B.

The FSIS petition requested that the
packaging used for irradiated chicken be
restricted to materials that are oxygen
permeable. Packaging and storage of
chicken under anaerobic conditions,
such as vacuum or modified atmosphere
packaging, can extend shelf-life by
inhibiting outgrowth of aerobic spoilage
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microorganisms, but it can also provide
conditions conducive to growth of C.
botulmum. The agency notes that the
studies cited above examined C.
botulinum toxin production and spoilage
in chicken incubated both aerobically
and anaerobicalry and found that
spoilage preceded toxin production even
in chicken incubated anaerobically. Use
of air-permeable packaging materials
does, however, provide an extra margin
of safety. Because the petitioner
requested that only air-permeable
packaging be permitted, FDA it
including a provision in the regulation
that packaging useH shall not exclude
oxygen.

C. Nutritional Considerations
FDA reviewed data to determine

whether irradiation of poultry would
have an adverse effect on the nutritional
value of the food. One study submitted
in FAP BM34Z2. carried out at CIVO,
examined t ie composition and nutritive
value of chicken KTadiated at a dose of 3
or 8 kGy (300 or 600 krad). as compared
to a nonirradtated control. Batches of
irradiated and nomrradiated chicken
were refrigerated {or 3 to 7 days,
cooked, and boaiogenieed. Samples
were then analyzed for general
composition and content of nutrients,
including vitamins. The investigators
also performed bioassays of protein
utilization and digestibility in weanling
rats.

The authors reported that vitamin
content shewed considerable variation
both between different batches of
chicken and between different
treatments of Ihe same batch. They
reported that there was. however, no
distinct effect of irradiation on vitamin
content with the possible exception of a
slight decrease in vitamin Bi (thiamin) at
a dose of 6 kGy (twice a s high as the
maximum does under consideration in
this ruleraaking). They also reported that
determinations of the digestibility and of
the utilization of the chicken protein for
growth and synthesis of body protein
revealed that irradiation did not
decrease the nutritive value of protein in
weanling rats.

The agency has also received reports
of a study conducted at the U.S.
Department of Agriculture on the effects
of irradiation on nutrients in chicken
and pork (Refs. 18 and IB]. The authors
reported that the levels of niacin and
riboflavin did not change significantly
with radiation doses of up to 7 kGy in
samples of chicken that had been
irradiated and then cooked, when
compared to control samples that had
only been cooked. The loss of thiamin in
chicken irradiated in an air-permeable
package at 0 "C at a dose of 3 kGy was 9

percent (Ref. 19). The authors of this
study considered the effect on the
dietary intake of thiamin if all chicken
and turkey consumed were irradiated at
3 kGy and estimated that the maximal
loss of Ihiamin in the diet would be 0.076
percent (Ref. IB).

After reviewing these reports and the
studies submitted in the petitions in
which irradiated chicken was fed to
laboratory animals, FDA concludes that
the data show that irradiation at the
doses used does not have a deleterious
effect on the levels or the bioavailabflity
of the nutrients in chicken (Refs. 20 to
22).

One letter to the agency suggested
that studies on vitamin losses in
irradiated chicken should include
comparisons of immediate losses, losses
from storage, and losses from cooking.

The analysis of vitamins in the CIVO
study discussed above *was performed
on chicken that "had been stored in a
refrigerator and cooked, and the USDA
study (Ref. IS) explicitly considered the
effect of irradiation on vitamin content
in bcth raw and cooked chicken. Thus,
FDA has considered the factors cited -by
the comment and has found no evidence
of significant vitamin loss in chicken
irradiated to a maximum dose of 3 kGy.
The agency therefore concludes that
irradiation of poultry at dosee of up to 3
kGy will not have an adverse impact on
the nutritional value of a person's diet.

IV. Current Good Manufacturing
Practice Coosidsrations

FDA has established general
provisions defining current food
manufacturing practice for the use of
irradiation in the treatment of food in
! 179.25 (21CFR 179.25). This regulation
discusses requirement* such as
recordkeeping and the need for a
scheduled process for food irradiation.
Section 179.Z5(b) Btates that: "Food
treated with ionizing radiation shall
receive the minimum radiation dose
reasonably required to accomplish its
intended effect' • V Section 178.25<cl
slates that: "Packaging materials
subjected to irradiation incidental to the
radiation treatment and processing of
prepackaged foods shall comply with
5 179.45."

FSIS. in its petition, requested that
FDA establish a minimum dose of 150
krad (1.5 kGy) for the irradiation of
poultry and also requested that FDA
require that poultry that is to be
irradiated be prepackaged.

The minimum dose Deeded to control
pathogenic organisms on poultry caa
vary with the particular microorganism
and with the microbial burden on the
food. The need for packaging before
application of radiation also may vary

with the intended effect of the treatment
and the conditions of application. FSiS.
based on its regulatory authority over
operation of poultry processing plants,
can establish specific packaging
requirements and a mimimum dose,
consistent with current good
manufacturing practice, for controlling
pathogenic organisms in such plants.
FDA concludes that FSIS should be free
to do so without having to submit a new
petition for an amendment to the
regulation as long as any requirements
comply with 21 CFR 179.25 and 179.26.
Therefore, the regulation set forth below
does not establish »necific requirements
for packaging ur for a minimnm dose.

V Labeling

Food irradiated under the conditions
of the regulation set forth below must be
labeled as required by § 179.26(c) (21
CFR 179.20(c}). In addition, because
poultry is also subject to regulation by
FSIS, the labeling of poultry irradiated
under die conditions of this regulation
must comply with any requirements
imposed by that agency under its
authority to approve labeling of meat
and poultry.

VI. Comment

The agency received a letter from two
state legislators, dated February 22. 1-968
(Ref. 23). asking FDA to deny these
petitions and to rescind all regulations
permitting sale of irradiated food. ThiB
request was based on the legislators'
understanding: (1) That benzene is
formed in all food when il is irradiated,
and (2) that the OeUney Clause of the
Federal Food. Drug, and Cosmetic Act
prohibits the use of any food additive
that is carciaogenic. regardless of the
level at which it is present in food.

This letter did not provide any
evidence that benzene is formed by
irradiation of poultry at a dose of 3 kGy
(300 krad) or less, or that if it is formed,
it could be expected to be present hi
amounts that wouid pose a ri«k to
consumers. FDA denied this request by
a letter dated May 2.1988f.Refs.24 and
25). because there is no basis for
conchtdtng that benzene would be
formed m irradiated poofiry in
toxicologically significant amounts, and
because the Delaaey Clause applieB
only to additives, sot io impurities tbat
may result m insignificant amounts from
the use of additives. The request
provided no evidence that increased
concentration* of beraene have bean, or
could be. detected in poultry irradiated
at a dose of 3 kGy or less. No further
information was submitted to FDA after
it denied this request. Therefore, the
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request provided no basis for denying
these petitions.

Moreover, FDA discussed the possible
formation of benzene in its response to
objections to FDA's earlier decisions to
permit other applications of radiation in
food (53 FR 53176 at 53197; December 30,
1988). In that document FDA discussed
data demonstrating that very low
concentrations of benzene (19 parts per
billion) were produced by high dose (56
kCy) radiation sterilization of beef. FDA
noted that an analysis by expert
scientists found that such low
concentrations were of trivial health
concern, and that other foods irradiated
at lower doses would present even less
reason for concern (53 FR 53197).

VII. Conclusions
FDA has evaluated the information

submitted in the petitions and other
relevent material in its files. Based on
these data, the agency concludes that
the proposed use of ionizing radiation is
safe, and that the regulations should be
amended in 21 CFR 179.26(b) as set forth
below. The agency is also making minor
editorial changes in S 179.26(b) by
numbering the entries and by spelling
out in full the units of radiation dose.

In accordance with 5l71.1(h) (21 CFR
171.1(h)). the petitions and ihe
documents that FDA considered and
relied upon in reaching its decision to
approve the petitions are available for
inspection at the Center for Food Safety
and Applied Nutrition by appointment
with the information contact person
listed above. As provided in 21 CFR
171 .l(h), the agency will delete from the
documents any materials that are not
available for public disclosure before
making the documents available for
inspection.

The agency has carefully considered
the potential environmental effects of
this action. FDA had concluded that the
action will not have a significant impact
on the human environment, and that an
environmental impact statement is not
required. The agency's finding of no
significant impact and the evidence
supporting that finding, contained in an
environmental assessment, may be seen
in the Dockets Management Branch
(address above) between 9 a.m. and 4
p.m.. Monday through Friday.
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IX. Objections

Any person who will be adversely
affected by this regulation may at any
time on or before June 1,1900, file with
the Dockets Management Branch
(address above) written objections
thereto. Each objection shall be
separately numbered, and each
numbered objection shall specify with
particularity the provisions of the
regulation to which objection is made
and the grounds for the objection. Each
numbered objection on which a hearing
is requested shall specifically so state.
Faiiure to request a hearing for any
particular objection shall constitute a
waiver of the right to a hearing on that
objection. Each numbered objection for
which a hearing is requested shall
include a detailed description and
analysis of the specific factual
information intended to be presented in
support of the objection in the event that
a hearing is held. Failure to include such
a description and analysis for any
particular objection shall constitute a
waiver of the right to a hearing on the
objection. Three copies of all documents
shall be submitted and shall be
identified with the docket number found
in brackets in the heading of this
document. Any objections received in
response to the regulation may be seen
in the Dockets Management Branch
between 9 a.m. and 4 p.m., Monday
through Friday.

List of Subjects in 21 CFR Part 179

Food additives. Food labeling. Food
packaging, Radiation protection.
Reporting and recordkeeping
requirements. Signs and symbols.

Therefore, under the Federal Food.
Drug, and Cosmetic Act and under
authority delegated to the Commissioner
of Food and Drugs, 21 CFR part 179 is
amended as follows:

PART 179—IRRADIATION IN THE
PRODUCTION, PROCESSING AND
HANDLING OF FOOD

1. The authority citation for 21 CFR
part 179 continues to read as follows:

Authority: Sees. 201. 402. 403, 409, 703, 704
of Ihe Federal Food. Drug, and Cosmetic Act
(21 U.S.C. 321. 342. 343. 348. 373. 374).

2. Section 179.26 is amended by
revising the table in paragraph (b) to
read as follows:
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§ 179.26 Ionizing radiation for the
treatment of food.

(b) ' ' '

Use

t For control of TricfmeHt
spirala in pork carcasses
or fresh, non-heat-proc-
esaed cuts ol port; car-
casses.

2. For growth and matura-
tion inhibition of fresh
foods.

3. For drsSnfestation of ar-
thropod pasta in food.

4. For mtcrofcial dMnfec-
tion of dry or dehydrated
enzyme preparations (in-
cluding fenmoHized en-
zymes).

Limitations

Minimum dose 0.3
kiloGray QtGy) (30
U o n d (krad));
maximum dose not
lo n o t e d 1 kGy
(100 krad).

Not lo exceed t kGy
(100 krad).

Do.

Not to exceed 10 kGy
(1 megarad (Mrad)).

Use

5. For mtcrobial disinfec-
tion of the following dry
or dehydrated aromatic
vegetable substances
when used as ingredi-
ents in small amounts
sotety (or flavoring or
aroma: culinary herbs,
seeds, spices, vegetable
seasonings that are used
toSnpart flavor but thai
are not either represent-
ed as, or appear to be, a
vegetable that la eaten
tor Its own sake, and
blends of these aromatic
vegetable substances.
Turmeric and paprika
may also be irradiated
when they are to b«
used as color additives.
The blends may contain
sodum chloride and
minor amounts of dry
food Ingredients ordinari-
ly used in such blends.

Not to exceed 30 kGy
(3 Mrad).

Use

6. For control of food-
bome pathogens in fresh
or frozen, uncooked
poultry products that are:
(1) Whole carcasses or
disjointed portions of
such carcasses that are
"ready-tc-cook poultry"
within the meaning of 9
CFH 381.1(b)(44), or (2)
mechanically separated
poultry product (a finely
comminuted ingredient
produced by the me-
chanical debonlnQ of
poulfry carcasses or
parts of carcaaaas).

limitations

Not to exceed 3 kGy
(300 krad): any
packaging used
shaH not exclude
oxygen.

Dated: April 3.1990.
Alan U Hooting.
Acting Associate Commissioner for
Regulatory Affairs.
IFR Doc. B0-10113 Filed 5-1-90; B:45 am)
•LUM COM 41*S-*7-ll
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APPENDIX G

SUMMARY OF THE REVIEW ON THE RALTECH STUDY BY

AGRICULTURE RESEARCH SERVICE (ARS),

U.S. DEPARTMENT OF AGRICULTURE (USDA)
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The following text reviewing the Raltech Study is reproduced from Thayer in
Thayer, D.U. (1984) "Uholesomeness studies of precooled (enzyme-
inactivated) chicken products in vacuum-sealed containers exposed to doses
of ionizing radiatioi. sufficient to achieve commercial sterility"
(ERRC-ARS 85).

On Friday, July 15, 1983, a committee met to discuss the final reports of
the long-term toxicological study of radiation-sterilized chicken conducted
by Raltech Scientific Services in St. Louis, Missouri, during the period
1976 to the present.

Raltech Scientific Services preparea nine reports prior to the transfer of
the project to the Department of Agriculture and submitted four draft
reports during 1979-1982 to the USDA. These reports and the supporting
quarterly reports total 33 519 pages. There are eight additional reports
prepared by the Army, ARS and the Federation of American Societies for
Biology as well as numerous publications which are part of the study.

The last four "draft" final reports from this study were critiques by
Tracor Jitco, Inc., and have been corrected by Raltech Scientific Services
(Ralston Purina Company). The committee consisted of Donal Thayer, ERRC
(Chairman); Jane Robens, NPS; Jay Fox, ERRC; Art Miller, ERRC; Virginia
Zaratzian, FAIS; and Richard Parry, ARS. The objective of the committee
was co review the summaries of twelve reports prepared by Raltech
Scientific Services during the study for the efficacy of the process (food
irradiation) and the safety of the products and to determine if, on
balance, the study results would support favorable action by the Food and
Drug Administration.

The results of this review were as follows: seven of the twelve studies
were considered to clearly indicate that the radiation sterilized products
were completely safe. Three studies were considered as indeterminant by
the panel either because the positive control for the study failed or in
one case because the study (chronic feeding study with rats) was terminated
before completion. The results of these studies, however, did not indicate
that a problem existed with the radiation sterilized chicken products.

Two studies were considered by one or more members of the committee to have
at least some adverse results. The first of the studies was an evaluation
of the mutagenicity of irradiated sterilized chicken by the sex-linked
recessive lethal test in Drosophila melanogaster. The study clearly failed
to reveal any mutagenicity of the irradiated chicken meat, but reduced
production of offspring in cultures reared on irradiated chicken was
observed. A dose response effect was produced with gamma irradiated and
frozen chicken meat. These results were sufficiently negative to cause two
members of the panel to indicate that they considered the results of the
study to be adverse. The second study which concerned the panel was
chronic toxicity, oncogenicity, and multigeneration reproductive study
using CD-I mice. Ralston Purina concluded the following:

While no single finding from the study is highly illuminating, a
collective assessment of study results argues against a definitive
conclusion that the gamma-irradiated test material vas free of toxic
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properties. Any one of the detrimental findings discussed above,
when considered alone, would not provide sufficient cause for concern
regarding Group G. Three factors however, when considered together,
cannot be discounted:

(1) Survival of both sexes in Group G was significantly reduced, at
least in certain subgroups, compared to the controls.

(2) Group G had the highest incidence of several tumors among those
discussed. In particular, the results on alveologenic tumor
incidence cannot be summarily dismissed as an artifact resulting
from differential survival rates.

(3) Also, many of the lesions which occurred infrequently and for
which statistical analyses could not be performed, were often
found most frequently in the G group.

Thus, while there is no evidence of a highly toxic effect from
diet G, the preponderance of evidence suggests some degree of
toxicity was present.

The expert assessment of this study provided by Tracor Jitco, Inc., did not
support this conclusion. The Tracor Jitco, Inc. report concluded:

The chronic feeding of irradiated chicken meat did not adversely
affect reproduction. The only tumors which were significantly
increased over control frequency were benign interstitial cell
tumors in both the irradiated male groups. The reported signi-
ficant increase in alveologenic (benign plus malignant bron-
chiolar and alveolar tumors) in group G females is only signifi-
cant when a specific test is applied which measures the time to
death with a specific lesion and with the early mortalities. In
this instance due to differential survival in the gamma irra-
diated females, the use of this statistical procedure is inappro-
priate. In addition, since the lesions are generally not life
threatening, the use of time to tumors analysis brings in a
sampling error as more females in group G dies on test. The
cause of the increased rate of death in this group cannot be tied
to a specific lesion....

Both ARS and FSIS statisticians, independently questioned the validity of
these statistical conclusions, prior to the assessment by Tracor Jitco.
Further, the negative effects reported applied only to the gamma and not to
the electron irradiated samples. The panel examined both the Raltech
report summary and its assessment by Tracor Jitco, Inc. scientists. Four
of the panel considered this study to be weakly supportive (positive) and
two considered it to be indeterminant and possibly slightly adverse
(negative).

The panel concluded unanimously that on balance the data was supportive of
the wholesomeness of precooked (enzyme inactivated) chicken products in
vacuum sealed containers exposed to doses of ionizing radiation sufficient
to achieve "commercial" sterility.
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