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CHAPTER 1. GENERAL INTRODUCTION

Contamination of foods by disease-producing microorganisms has been
known and studied since around 1880. Since that time, numerous instances of
foodborne diseases have been recorded in addition to those referred to as food
poisoning. Also of great importance are pathogenic and food-poisoning organisms
that tend to be associated with certain animals, such as Salmonella enteritidis,
which has been associated with numerous outbreaks worldwide due to the
consumption of contaminated eggs (Jay, 1986). The demand by consumers for
wholesome and nutritious food as well as convenience foods is dramatic. Food
safety is a major concern of consumers and food manufacturers (Beran, 1991).
Irradiation has been verified as an alternative to decrease microbial load and to
eliminate salmonellae in eggs, without altering nutritive and sensory attributes.
Irradiation of eggs has not been yet approved by the FDA. More research is
needed on irradiation of eggs to demonstrate the advantages of this process and to
gain regulatory approval. lrradiation is a promising means to ensure safety of
eggs. The purpose of this study was to evaluate the effects of irradiation at low
doses for effectiveness on rendering eggs salmonella free. Protein quality and
color were also monitored. Whole shell eggs and liquid whole eggs were used for
this study.

Thesis Organization

A general introduction to the whole study is included at the beginning as
Chapter 1. Chapter 2 includes a literature review on food irradiation and
Salmonella enteritidis. One individual manuscript, which is to be published in the
Journal of Food Protection is included in Chapter 3, followed by general

conclusions as Chapter 4. A list of literature cited in the general introduction and



literature review is at the end of the thesis. A list of important terminology

associated with the irradiation process is given in the appendix.
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CHAPTER 2. LITERATURE REVIEW

. Food Irradiation

A. History of development

Food irradiation had its beginnings in the last years of the 19th century with
the discovery of x-rays by Von Roentgen in 1895 and radioactivity by Becquerel in
1896. Shortly thereafter, scientists observed that these sources of energy were
effective in killing bacteria. Minck 1896, Appleby and Banks (1905), and Lieber
(1905) suggested using ionizing radiation to kill microorganisms in food and
Ludwing and Hoff (1925) and Narat (1927) conducted animal feeding studies of
irradiated diets to test for wholesomeness. The practical application of this
knowledge to food preservation remained an intellectual curiosity during the first
half of the twentieth century. During this period, Schwartz (1921) obtained a U.S.
patent on using x-rays to kill Trichinella spiralis in meat and Wust (1930, 1931)
obtained a French patent to "preserve foods of all kinds which are packed in sealed
metallic containers submitted to the action of hard Roentgen rays of high tension to
kill all bacteria." Brasch and Huber (1947) published the first scientific paper
successfully demonstrating preservation of food by ionizing radiation. However, it
was not until the early 1950's when both radiation sources, cobalt-60, cesium-137
and processing equipment x-ray machines were developed to a practical point.

In the United States, most of the studies have been government-sponsored
(at least partially), by the Atomic Energy Commission and the Army Quartermaster
corps. Earlier work (1947-1952) was carried out by the Massachusetts Institute of
Technology and at least three private companies in the United States (Josephson,

1983). A similar circumstance prevailed in other countries, resulting worldwide in
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predominantly government -sponsored food irradiation research programs.
According to Goresline (1973), 33 countries were engaged in research in food
irradiation in 1966; by 1972, the number had risen to 55.

The first commercial use of food irradiation occurred in 1957 in the Federal
Republic of Germany, when a spice manufacturer in Stuttgart began to improve the
hygienic quality of his products by irradiating them with electrons using a Van de
Graaff generator (Maurer, 1958).

The single event having the most profound worldwide impact on food
irradiation programs was the enactment in 1958 in the United States of an
amendment to the Food, Drug and Cosmetic Act, legally defining ionizing
irradiation as a new food additive, and not as a process. "lonizing irradiation was
submitted to all the toxicological and safety evaluations in the same manner as
other food additives before it can have any commercial application” (U.S.
Congress, 1958).

In 1960, the International Atomic Energy Agency (IAEA) established a unit of
agriculture in Vienna, Austria, to apply the expertise of the agency to problems in
agriculture. In October 1964, a joint FAO/IAEA Division of Atomic Energy in Food
and Agriculture, with headquarters in Vienna, was established, combining the
Atomic Energy Branch of FAO and the Unit of Agriculture in IAEA. The joint division
works very closely with the World Health Organization (WHO) on the United
Nations in matters pertaining to the safety for consumption of foods preserved by
ionizing radiation (Josephson and Peterson, 1982).

In 1971, the International Project in the Field of Food Irradiation (IFIP) was
organized by 23 countries as a research project to produce experimental data on

the wholesomeness of irradiated food items, thereby saving costs and developing
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data or internationally recognized quality. The IFIP was an autonomous project
sponsored by the Organization for Economic Co-operation and Development
(OECD), the FAQ, and the International Atomic Energy Agency (IAEA); financed
and conducted by the 23 countries interested in the practical application of food
irradiation; and located at the Institute for Radiation Technology of the Federal
Research Institute for Food and Nutrition, at the Karlsruhe Nuclear Research
Center, Karlsruhe, W. Germany (Josephson and Peterson, 1982).

During the late 1960's and early 1970's, dramatic improvements had been
made in the quality of foods sterilized by ionizing energy by keeping the foods
frozen in sealed, evacuated containers during the sterilization treatment. In the
early 1970's, the rations supplied to astronauts included various meats that had
been sterilized with ionizing energy (Bourland, 1977). The report of the joint
FAO/IAEA/WHO expert committee meeting held in 1976 recommended: 1) general
standard on irradiated foods; 2) pre- and post-irradiation handling of foods; 3)
labeling; 4) provision for the irradiation of some individual food items (chicken,
papaya, white potato, strawberry, wheat and ground wheat product, cod and
redfish, onion, and rice); 5) definitions of categories of acceptance of irradiated
foods; 6) code of practice for the operation of radiation facilities used for the
treatment of foods. The report also called attention on the fact that food irradiation
was a physical process similar to other food preservation processes using physical
means (IAEA, 1976).

Of major international significance were the 1980 conclusions and
recommendations by the FAO/IAEA/WHO joint expert committee on the
wholesomeness of irradiated foods. This committee concluded that any food

treated with an average dose of 10 kilograys or less of ionizing energy is
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wholesome, and recommended that foods treated in this way should be approved
without further testing for wholesomeness. The committee saw no valid scientific
grounds for requiring special labeling of foods treated with ionizing energy. This
conclusion and the associated recommendations originate a growing list of
approvals, wholesomeness studies, and studies of chemical changes occurring in
foods exposed to ionizing energy. The first of these recommendations was
implemented by the Food Additives Committee and the labeling committee of the
Codex Alimentarious Commission and by the Codex Alimentarious itself in 1983
(WHO, 1981).

As the information on the potential of the food irradiation process had grown
and the data on the safety for consumption of irradiation products became more
favorable, an increasing activity has been seen in the list of approvals qf the use of
ionizing energy for specific foods (IAEA, 1988). More than 250 separate approvals
have been granted worldwide, some of them for multiple products and some for
foods in general. Hungary and the Netherlands have the longest lists (IAEA,1991).

Farkas (1988) mentioned a list of irradiation facilities on a different basis. He
reported that, as of 1985, 44 countries had in operation or planning, design or
construction stages a total of 107 large experimental, pilot-scale, or commercial
facilities to be used for processing food or feed with ionizing energy.

Since January 1992, Food Technology Services, is the first commercial food
irradiation facility in the U.S. and it has treated a variety of agricultural products.

The approval for the treatment of wheat and wheat products and potatoes,
although still in effect, has never been exploited by commercial application in the
U.S. Additional approvals were granted in 1985 for controlling trichinae in pork

and in 1986 for decontamination of dried spices and vegetable seasonings. Also



7

in 1986 FDA approved a low-level treatment with ionizing energy up to 1 kGy for
fruits, vegetables, and foods in general to disinfest them of insects and to delay
ripening and senescence (Wierbicki and coworkers, 1986).

In 1990 the USDA approved the use of irradiation to reduce bacterial
contamination of raw poultry, fresh or frozen whole carcasses or parts using doses
up to 3 kGy to eliminate Salmonella, Yersinia and Campylobacter that can cause
foodborne illnesses when poultry is undercooked or otherwise mishandled (USDA,
1992).

There are numerous ways that eggs can become contaminated with
Salmonella enteritidis one of them is by fecal contamination of the egg shell and
other by infection of the oviducts of the hens (Catalano, 1994). Since the 1970's
there has been a dramatic increase in the number of cases of salmonellosis, due to
the consumption of eggs contaminated with this pathogen (St. Louis, 1988). In our
study, besides finding the effective irradiation dose to eliminate this pathogen we

are also considering a irradiation dose that will maintain the quality attributes of the

eggs.

B. The Process of food irradiation

Electromagnetic radiation is a form of energy that moves through space at the
speed of light with simultaneous variation of the electric and magnetic fields.
Electromagnetic radiation can be considered as either non-ionizing or ionizing
(Jay, 1986a).

Non-ionizing radiation has a long wavelength and low quantity of energy
incapable of causing ionization. lonizing radiation has a short wavelength, 2000

angstroms or less, examples of it are: alpha particles, beta rays, gamma rays and x-
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rays. Their quanta contain enough energy to ionize molecules in their paths
(Manowitz, 1965). However, these radiations have different levels of energy and
differ in their ability to penetrate materials, with alpha particles containing the
lowest penetration power and gamma and x-rays containing the highest.
Therefore, the ionizing radiations used on foods are limited to gamma or x-rays of
energy up to 5 MeV and to electrons of energy up to 10 MeV (Brynjolfsson, 1974).
Irradiation is the process of applying this energy to a material, such as food, to
sterilize or preserve it by destroying spoilage and pathogenic microorganisms,
parasites, insects or other pests, without appreciably raising temperature, the
process is termed "cold sterilization" (Jay, 1986). Most applications of ionizing
energy to food processing involve low to medium doses, conventionally those less

than 10 kGy. And some examples are listed in Table 1.

Table 1. Applications of food irradiation

Dose Application

Low Inhibition of sprouting in certain crops such as potatoes,
(up to 1 kGy) onions

Insect disinfestation and parasite disinfestation in cereal
grains, pulses, fruit, meat and seafood

Delay of physiological processes (e.g. ripening) in fresh fruits
and vegetables

Medium Elimination of spoilage microorganisms and extension of
(1 to10 kGy) shelflife in fruits, vegetables, meat and seafood

Elimination of pathogenic microorganisms such as
salmonella in meat, poultry and seafood

High Decontamination of herbs, spices and food ingredients
(10-50 kGy) Sterilization of meat, poultry, seafood and prepared foods

Source: World Health Organization 1988



C. Sources used in food irradiation

lonizing radiation for treatment of foods includes gamma rays, electron beams,
and x-rays. Gamma rays are produced by radioactive isotopes such as cobalt-60
and cesium-137. Cobalt-60 is the most widely used source for food irradiation and
it is produced by exposing natural cobalt-59, a steel-like metal, to neutrons in a
nuclear reactor. Cesium-137, usually in the form of cesium chloride powder, is
produced in the nuclear fision of uranium and is thus a by-product of nuclear power
or nuclear weapons production. As used for food processing, both of these gamma
ray-emitting sources are doubly encapsulated in stainless steel pencils which are
then placed on the source rack in the irradiation facility. Cobalt60 continuously
decays giving off gamma rays which are used to irradiate food, also, this source
has a half-life of 5.3 years and must be periodically replenished (Josephson and
Peterson, 1982). Cesium-137 is less used because of the large amount of it
required, and the difficulty in handling the material. Radionuclide sources and their
application to processing of food with ionizing energy have been described by
Brynjolfsson et al. (1974). Among the drawbacks to the use of radioactive
materials, is that the isotope source emits rays in all directions and cannot be
turned on or off.

Electron beams are produced by Van de Graaf generators or linear accelerators
which are powered by electricity. When these highly accelerated electrons
penetrate a thin foil of certain metals, such as tungsten, tantalum, or other materials
able to withstand high heat, x-rays are produced. Although electrons are less
penetrating than gamma rays, they can be very useful for irradiating large volumes

of small food items, such as grains or prepacked meat. Some advantages of the
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use of electron accelerators over radioactive elements are that the linear
accelerator facilities (LAF) can be turned "off" or "on" means the ability to shut down
during off-shifts or off-seasons without a maintenance problem and the ability to
transport the radiation source without a massive radiation shield. As mentioned
before, the efficient convertibility of electron power to x-ray power means the
capability of handling very thick products that cannot be processed by electron or
gamma rays (Koch and Eisenhower, 1965). The easy variability of electron
accelerator power, energy and conveyor speed means a flexibility in the choice of

surface and depth treatments for a variety of food items.

D. Irradiation dose units and terminology

When ionizing radiation penetrates into a medium (for instance, the irradiated
food), all or part of the radiation energy is absorbed by the medium. This is called
the aborbed dose. The unit by which the absorbed dose is measured is the gray
(Gy); it is equal to the absorption of 1 Joule/Kg. One kGy (kilogray) = 1000 Gy.
Formerly, the dose unit "rad" was used. It was defined as 100 erg/g. The
conversion of old to new units is based on the relationship that 100 rad=1 Gy, or 1
Krad=1 Gy, or 1 Mrad=10 kGy. The energy absorbed per unit of time is called the
dose rate. Gamma ray sources provide a ralatively low dose rate (typically 100 to
10,000 Gy/hr), whereas electron accelerators provide a high dose rate (104 to 109
Gy/sec). As a consequence, to achieve a specified absorbed dose, irradiation with
a gamma source may take many hours, while irradiation with an electron
accelerator may take only seconds or minutes. Irradiation doses are divided in
three categories: low (< 1 kGy), medium (1-10 kGy), and high (10-50 kGy) dose
application (Diehl, 1990b).
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The following terms are closely associated with the applied irradiation doses.
1. Radurization may be considered equivalent to pasteurization, it refers to the
enhancement of the keeping quality of a food by causing a substantial reduction in
the numbers of viable specific spoilage microbes by irradiation. Common dose
levels are 0.75-2.5 kGy for fresh meats, poultry, seafood, fruits, vegetables, and
cereal grains.
2. Radicidation is equivalent to pasteurization of milk, for example, it refers to the
reduction of the number of viable specific non-sporeforming pathogens, other than
viruses, so that none is detectable by any standard method. Typical levels are 2.5-
10 kGy.
3. Radappertization is equivalent to radiation sterilization of "commercial sterility"
as it is understood in the canning industry, and typical levels of irradiation are 30-

40 kGy (Goresline, 1964).

E. Effect of irradiation on foods

1. Physical Effects The initial effects of ionizing energy on foods are cause
primarily by high-speed electrons. Fast electrons can be beamed on foods from
external machine sources, or they can be produced within the foods by x-rays or
gamma rays that penetrate the foods. As fast electrons move through foods, they
generally transfer their energy to atoms and molecules along their paths. The
transferred energy increases the reactivity of these "excited" atoms and molecules.
Fast electrons with sufficient energy may also knock electrons out of even the
innermost, most stable electron orbits of atoms. When an electron is lost in this way

from the kinds of atoms that are in the great majority in foods, an electron from an
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outer orbit drops in to fill the vacancy caused by the ejection of the inner electron.
The energy imparted to the atom causes the other electrons in the outer orbits to
move about so vigorously with the acquired energy that one or more of them will be
ejected, leaving the atom positively charged and very reactive chemically (FDA,

1980).

2. Chemical effects  The nature and extent of the chemical reactions in foods
trreated with ionizing energy are determined by numerous factors such as the dose
of ionizing energy used and the amount of radiolytic products the latter usuallly
increase linearly with the absorbed dose of energy by foods. Temperature, water
and oxygen content are also important factors that contribute to chemical changes
originated by ionizing energy applied to foods (Simic, 1979, 1983, 1985, 1987).
Free radicals may be formed when molecules are split by heat, light, catalytic
reactions involving enzymes or metal ions, and finally by ionizing energy. A free
radical is generally defined as a highly reactive molecular entity with an unpaired
electron in the outer orbit of an atom. The numbers of free radicals formed and its
reactions are increased when foods are processed with ionizing energy. The
changes that take place when foods absorb ionizing energy may be summarized

by the following equation:

Molecule + lonizing Energy 1 = Positive lon + Electron

Free Radical(s) — Products — Effects

Free radicals are generally highly reactive. The end-products of free radical

reactions, however, are stable molecules with even numbers of orbital electrons.



13

Free radicals may react with each other and with other adjacent atoms and
molecules as they either gain or loose the electrons to produce stability (Machlin

and Bendich, 1987).

3. Temperature The temperature at which products are maintained
during processing with ionizing energy is very important for two reasons. One is
the effect of temperature on the amount of energy that must be absorbed to cause
specific reactions to proceed. The other is an indirect effect of temperature, on the
mobility of free radicals and the reactions they undergo. As temperature
decreases, foods become more viscous and eventually become solids when they
freeze. The mobility of free radicals consequently decreases, more of the
molecular fragments then recombine to form the original fragments instead of

moving away and reacting with other entities (Urbain, 1966).

4. Oxygen content Molecular oxygen acts as a diradical with two unpaired
electrons. In the presence of oxygen, most free radicals react with it to give a

variety of peroxy radicals, for example

‘PH+0, —— " OOPH

> P+H" 4+ 0,

The free radical reactions that occur in the presence of molecular oxygen cause

rancidity.
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In the absence of molecular oxygen the chemical reactions are governed by
reducing species (e-, reducing radicals and hydrogen atoms). When free radicals

react with each other, they either "disproportionate" or "dimerize".

— R + RH, (disproportionation)
"RH+" RH —

t—— HR-—RH (dimerization)

In the disproportionation process, the two original hydrogen atoms are restored to
half of the original material (RH2) and the other half lacks the two hydrogens (R)
CAST (1989). In the dimerization process, the two radicals simply join. In both
processes, the original free radicals disappear, and the products are stable
molecules. By irradiating under anaerobic conditions, off-flavors and odors are

somewhat minimized due to the lack of oxygen to form peroxides (Urbain, 1986).

5. Water content The water content of the foods has a major effect
on the formation of radiolytic products. The presence of water, especially in the
liquid phase, increases the mobility of the free radicals and their rate of reaction

(Diehl, 1990). Benefits of the irradiation process are described in Table 2.

Table 2. Benefits of the irradiation process

Can be applied to foods in a frozen state

The shelflife of fresh food can be extended

Foods can be irradiated after packaging, minimizing chances for contamination
Liquid, solid and semi-solid foods can be irradiated in bulk

Foods can be irradiated as an effective alternative to chemical fumigants as a

method of quarantine treatment
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F. Effect of irradiation on microorganisms

According to Anderson (1956), gram-positive bacteria are more resistant to
radiation than gram-negatives. Sporeformers are in general more resistant than
nonsporeformers, with the exception of Micrococcus radiodurans m, which is one of
the most radioresistant bacteria known. Among sporeformers, B. larvae has been
reported to posses a higher degree of resistance than most aerobic sporeformers.
Spores of C. botulinum type A appear to be the most resistant of all clostridial
spores. Apart from M. radiodurans, one of the most resistant vegetative bacteria
appears to be Streptococcus faecium R53. Among the more resistant vegetative
forms are Streptococcus faecalis , micrococci in general, and the homofermentative
lactobacilli. The bacteria most sensitive to radiation belong to the pseudomonad
and flavobacteria groups, with other gram-negative bacteria being intermediate in
radioresistance between these genera and the micrococci. With respect to the
radiosensitivity of molds and yeasts, the latter have been reported to be more
resistant than the former, with both groups in general being less sensitive than
gram-positive bacteria. Some Candida strains have been reported to posses

resistance comparable to that of some bacterial endospores.

1. Composition of suspending menstrum Microorganisms are in
general more sensitive to radiation when suspended in buffer solutions than in
protein-containing media. Midura (1965), found radiation D values for a strain of C.
perfringens to be 0.23 in phosphate buffer, while in cooked-meat broth the D value
was 0.30 Mrad. Proteins have been shown to exert a protective effect against

radiation as well as against certain antimicrobial chemicals and heat.
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2. Physical state of food The radiation resistance of dried cells is in
general considerably higher than that for moist cells. This is most likely a direct
consequence of the radiolysis of water by ionizing radiation, which is discussed
earlier in this chapter. Radiation resistance of frozen cells has been reported to be

greater than that of nonfrozen cells (Ley, 1983).

G. Benefits of food irradiation

Food irradiation alone, or in combination with other preservation procedures
can be an efficient tool to protect our food supply by reducing post-harvest food
losses, ensuring hygienic quality of food and facilitating wider trade in certain food

items (Grecz, 1983). The following are some of the benefits of this technology.

1. Control of parasites and bacteria Low doses of ionizing energy
are effective in controlling parasitic protozoa that cause human diseases,
particularly in the humid tropics. A number of parasitic helminths (worms) are also
controlled by low doses. The most well known example is Trichinella spiralis the
cause of trichinosis, this disease results from eating infested pork that is raw or
inadequately cooked. Although trichinosis is not as prevalent as it used to be, it
occurs worldwide. lapage (1963) estimated that 28 million people suffered from
this disease in 1947. Osen (1974) estimated the incidence of trichinosis in the
United States in the early 1970s at about 4% of the population. Warton (1957) and
Shichobalova (1958) found, respectively, that 0.047 to 0.140 and 0.047 to 0.065
kGy of ionizing energy suppresed maturation of the nematode sufficiently to
prevent invasion of the muscle tissue. Kray-bell (1959) observed that exposure of

whole pig carcasses to 0.11 kGy of ionizing energy from a cobalt-60 source
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resulted in sexual sterilization of the female nematode. Gibbs et al (1964) found
that the maturation of Trichinella spiralis could be suppresed with 0.2 to 0.3 kGy of
ionizing energy without affecting the flavor of meat. These observations and others
led to a successful petition to FDA to permit exposure of pork to 0.3 to 1.0 kGy
doses of ionizing energy to control trichina.

Nonspore-forming disease-causing bacteria, such as salmonella,
campylobacter, yersinia, and staphylococcus, are killed with relatively low doses of
ionizing energy, but spores of some bacteria, such as Clostridium botulinum
require high doses Clifford et al. (1975). It should be noted that such spores would
be capable of outgrowth only under anaerobic conditions such as those
encountered in vacuum packaging and canning. A concern that has been raised is
that irradiation may result in the development of radiation-resistant strains of
microorganisms. Studies conducted over the past 40 years have produced no
evidence to validate this concern. It appears that microorganisms that survive the
irradiation process are injured and are therefore more vulnerable to conditions that
are unfavorable to microbial growth (e.g. cold temperaturess) and are more likely to

be killed by cooking (Grecz, 1983).

2. Shelf-life extension Irradiation can extend the shelflife of foods in a
number of ways. By reducing the number of spoilage organisms (bacteria, mold,
fungi), irradiation can lengthen the shelflife of meat, poultry, seafood, fruits and
vegetables. Since ionizing radiation interferes with cell division, it can be used as
an alternative to chemicals to inhibit sprouting and thereby extend the shelflife of
potatoes, onions and garlic. Exposure of fruits and vegetables to ionizing radiation

slows their rate of ripening. Strawberries, for example, have been found to be
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suitable for irradiation. Their shelflife can be extended three-fold, from 5 to 15 days

Maxie et al., (1967).

3. Disinfestation lonizing radiation can also be used as an alternative to
chemical fumingants for disinfestation of grains, spices, fruits and vegetables.
Many countries including Canada, prohibit the importation of products suspected of
being contaminated with live insects to protect the importing country's agricultural
base. With the banning of certain chemical fumigants, irradiation has the potential

to facilitate the international shipment of food products (Steiner, 1966).

4. Pathogen reduction Microorganisms from undercooked and/or
improperly handled meat, poultry and seafood cause many cases of foodborne
illness each year. Of particular concern are the illnesses caused by the pathogenic
organisms such as salmonella, campylobacter, listeria and toxoplasma. At medium
doses, irradiation can be used to prevent foodborne diseases by eliminating

pathogenic organisms.

H. Wholesomeness of irradiated foods

Barna (1979) compiled a list of more than 1200 publications on the
wholesomeness of foods treated with ionizing energy. The research has been
supported by the World Health Organization, the Food and Agricultural
Organization and governmental agencies in many different countries. Industrial

support also has been substantial.
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1. Toxicological safety In October-November 1980, the Joint Expert
Committee again met in Geneva to review all the wholesomeness data worldwide
on foods treated with ionizing energy. In the absence of any confirmed evidence of
toxicity, the Committee recommended approval of all foods treated with doses up to
an average 10 kilograys without any further wholesomeness testing (WHO, 1981a).
While the majority of studies have demonstrated no harmful effects from
irradiated foods, the results of some studies have required careful re-evaluation.
Repeating these minority studies have disclosed faulty experimental design or
incorrect evaluation of the results. For example, when a study that reported
damage to the heart muscle of mice was repeated using a much larger number of
mice, not a single lesion was found (Baskaram, 1975). Another study, in which
malnourished children in India were fed irradiated wheat, reportedly showed an
increase in white blood cells (polyploidy). The study has since been assessed by
many health agencies and expert committees who came to the conclusion that the
original study did not demonstrate adverse effects. The claimed effects were based
on small numbers which were of questionable statistical significance. In addition,
malnourished children are not considered to be ideal test subjects as malnutrition

in itself is known to unduce chromosomal abberations.

2. Radiolytic products Chemical studies of irradiated foods have
also been conducted to understand the chemical changes or radiolytic products
produced under various conditions. Studies have shown that levels of radiolytic
products are minute and that there are no toxic substances formed in irradiated
foods. They have also shown that all of the known radiolytic products derived from

irradiated foods are also found in unprocessed foods and in foods processed by



20

other methods such as cooking. No unique radiolytic products have been found in
products processed by irradiation. In 30 years of research, compounds produced
in specific foods by ionizing energy have always been found in the same foods

when processed by other accepted methods (FDA, 1980).

3. Nutritional quality As with other food processing methods, the
irradiation of foods can lead to some losses of nutrients. These losses are primarily
related to dose, the composition of the food, the absorbed irradiation dose,
temperature and the presence or absence of oxygen during irradiation and storage

also influence nutrient loss (CAST, 1989).

I. Consumer Acceptance of lrradiated Foods

It is difficult to assess the consumer acceptance of food irradiation, since
apparently, there is wide public misconceptions about the process and how it
works. The initial reaction of many consumers to the term “radiation” is likely to be
negative. It evokes associations with radioactivity, danger, cancer, etc. Some
critics of the food irradiation process have claimed that the objective of irradiation is
to improve the appearance of spoiled food, that it is only a "cosmetic" treatment
designed to make a spoiled food marketable. Spoilage of foods is accompanied
by pronounced changes of odor, taste, and visual appearance. While irradiation
can reduce or eliminate the spoilage flora and the pathogenic organisms that may
be present in a spoiled food, it cannot improve its sensory properties. Ingram and
Farkas et al. (1977) who have closely examined this issue, consider that irradiation
at pasteurization doses is perfectly safe and can improve microbiological safety in

foods by eliminating pathogen organisms and extending shelflife.
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Leenhorst (1990) indicated that irradiation is often mistakenly believed to be
used: (1) to mask bad quality, (2) to improve spoiled foods, (3) to suppress
spoilage indicators like odor and taste, and (4) to relax Good Manufacturing
Practices (GMP).

Experience in a survey conducted in four U.S. cities in 1988, Zellner and
Degner (1989) have shown that consumers provided with sufficient information can
be convinced of the advantges offered by irradiated foods. For example, they
assured the respondents that their chances of becoming ill from treated chicken
were virtually zero and the taste, texture and odor of the treated chicken would be
unaffected by the process. Zellner and Degner found that between 75 and 87% of
respondents would purchase chicken that had been treated with ionizing energy.
On the average, they would pay more for the treated product. The remaining 13 to
25% of the respondents would not purchase such a product. In the Netherlands,
consumers apparently were more concerned about the possible hazards of
chemical preservatives in foods than they were about processing foods with
ionizing energy (IAEA, 1983). Food irradiation will not solve all of our food
problems, nor will it replace widely used conventional food processing techniques.

However, it will add to the choices we have to improve the safety of our food

supply.

1. Legislation and regulation of food irradiation The following
international organizations provide information and advice and have a strong
influence on the actions of member nations regarding regulations for food
irradiation, they are: The World Health Organization (WHO); The International

Consultative Group on Food Irradiation (ICGFI) of the International Atomic Energy
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Agency (IAEA); The Food and Agriculture Organization (FAO); and the Codex

Alimentarius Commission (CAC).

2. U.S. Regulatory agencies involved in food irradiation In the
United States, FDA sets the criteria for the safe use of food additives and
processes. FDA's involvment in food irradiation is mandated by the Federal Food,
Drug, and Cosmetic Act (FFDCA) which specifically defines radiation sources as
food additives (Anonymous, 1936). Food is adulterated if it is exposed to ionizing
radiation unless the use conforms to regulations established under the FFDCA.

Some uses of ionizing radiation on specific types of foods are also regulated by
U.S. Department of Agriculture (USDA) agencies. The Animal and Plant Health
Inspection Service (APHIS) regulates uses of irradiation as a quarantine treatment
for fruits to prevent infestation by exotic pests under the Plant Quarantine Act
(Anonymous, 1907). The Food Safety and Inspection Service (FSIS) regulates the
process in facilities under their inspection under provisions of the Federal Meat
Inspection Act (Anonymous, 1907) and the Poultry Products Inspection Act
(Anonymous, 1957) to ensure the safety and wholesomeness of irradiated meat
and poultry products.

Food irradiation plants should be licensed by the government agency
responsible for the regulation of irradiation applications and installations. Such a
license should be granted only after a thorough investigation has established the
plant is safe and appropriate, the design and construction meet applicable
standards, its operators are fully trained, and the operating plans and procedures
give all necessary attention to the requirements of radiation safety. Regular

performance checks should examine the quality of the products being irradiated to
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ensure proper dose of radiation is being delivered for the intended effect (WHO,

1988).

ll. Eggs as a Food Source

Infertile eggs from hens classified as Gallus domesticus make a valuable
nutritional contribution to the human diet. Although they contain about 74% water,
eggs are a rich source of high-quality proteins that contain all of the amino acids
considered essential for growth and maintenance of body tissues. Also, they
contain a high proportion of unsaturated fatty acids (mainly oleic), iron,
phosphorus, trace minerals, vitamins A, E and K and the B vitamins, including B12.
As a natural source of vitamin D, eggs rank second only to fish-liver oils, and

contain very little, or no vitamin C (Stadelman and Cotterill, 1977).

A. Structure
The egg is comprised of four main parts: yolk, egg white or albumen, shell
membranes and shell, the following information was obtained from (Stadelman

and Cotterill, 1977).

1. Yolk The yolk (Fig. 1) consists of alternate layers of dark and light colored
yolk material, latebra, geminal disc, and the vitelline membrane (a transparent
membrane), which