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FAO/IAEA/WHO International Conference on Ensuring the Safety and
Quality of Food through Radiation Processing,
Antalya, Turkey, 19-22 October 1999

Summary of the contribution
Achievements in food irradiation during the 20th Century
by J.F.Diehl, Karlsruhe Germany

Developments in food irradiation during the last hundred years can be roughly
divided into three periods:
First half of the century: Pioneering studies on the use of ionizing radiaton to
destroy food spoiling microorganisms and insects. Lack of suitable radiation
sources prevents commercial application.
1950 to 1970: Technological studies with the aid of newly available radioisotope
sources (Co-60, Cs-137), electron accelerators (Van de Graaff, linear accelerator
and others), and - to a smaller degree - X-rays. Search for optimal conditions of
irradiation (radiation dose, packaging, atmosphere and temperature during
irradiation) for various purposes (sterilization, pasteurization, insect disinfestation,
sprout inhibition of potatoes, onions etc.). Hesitation to use the process
commercially, caused by doubts about the health safety of consuming irradiated
food.
1970 to present: Studies on the wholesomeness of irradiated food, international
harmonization of legal regulations, slowly growing commercial application of the
process.
The years indicated should not be considered as sharp dividing lines.
Wholesomeness research was carried out already before 1970 and some
technological studies are still going on. A decisive event in the history of food
irradiation was the establishment of the International Project in the Field of Food
Irradiation in 1970, with the specific aim of sponsoring a worldwide research
program on the health safety of irradiated food. Under the sponsorship of FAO,
IAEA and OECD, 19 countries joined their resources, with this number later
growing to 24. WHO became associated with the International Project in an
advisory capacity. The research program included long-term animal feeding
studies, short-term screening tests, and the study of chemical changes in
foodstuffs irradiated with a dose of up to 10 kGy.
The results obtained in the framework of the International Project and in national
testing programs were repeatedly evaluated by the Joint FAO/IAEA/WHO Expert
Committee on the Wholesomeness of Irradiated Food (JECFI). In 1980 this
Committee concluded that the irradiation of any food commodity up to an overall
average dose of 10 kGy presents no toxicological hazard and no special
nutritional or microbiological problems. On this basis the Codex Alimentarius
Commission adopted in 1983 a General Standard for Irradiated Foods and a
Recommended International Code of Practice for the Operation of Radiation
Facilities.
In 1997 an FAO/IAEA/WHO Study Group on High Dose Irradiation examined the
results of safety studies carried out on food irradiated with doses higher than 10
kGy. Recognizing that in practice the doses applied to eliminate biological hazards



would be below those doses that might compromise sensory quality, the Study
Group concluded that no upper dose limit need be imposed. Accordingly,
irradiated foods were deemed wholesome throughout the technologically useful
dose range from below 10 kGy to envisioned doses above 10 kGy.
In spite of reassuring research findings and contrary to evaluations by groups of
experts, opposition to the practical use of food irradiation is still widespread. As
stated by WHO'S Director General: "Decades of study and practical application
have fostered increasing confidence in the ability of food irradiation to protect and
preserve food and hereby to safeguard health WHO is concerned that the
unwarranted rejection of this process, often based on lack of understanding of
what food irradiation entails, may hamper its use in those countries which may
benefit most."
Public opinion about food irradiation was generally positive during the growth
period of nuclear technology in the 1950s and 60s. With the advance of the
antinuclear movement since the 1970s the climate of opinion has changed. Much
more than ether modern methods of food processing (microwave heating,
extrusion cooking etc.), food irradiation has to overcome barriers created by
prejudice, misleading information, restrictive legal and regulatory measures and a
resulting reluctance of food manufacturers and food trade to make use of the new
technology.
Concern about public health problems created by the presence of pathogenic
microorganisms in food (Salmonella, Listeria, Campylobacter and others) and the
recognition of food irradiation as an effective tool to combat these problems have
helped to overcome the barriers. Irradiation of spices to improve their hygienic
status is now widely practiced in many countries. The undisputed success of this
application will pave the way for other irradiated products.
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CHALLENGES AND OPPORTUNITIES FOR FOOD IRRADIATION IN THE
NEXT CENTURY

Lester M. Crawford.
Center for Food and Nutrition Policy
Georgetown University
Washington D.C. 20007, USA

Writing in the Journal of the American Medical Association in 1994, Dr. Philip R. Lee,
US Assistant Secretary of Health, asserted, "Food irradiation, like pasteurization of milk,
can prevent countless infections because it destroys the pathogens that cause foodbome
illness...The technology of food irradiation has languished too long already." A leading
expert on the subject of food irradiation, Dennis Olson, concluded last year, "Irradiation
of food can effectively reduce or eliminate pathogens and spoilage microorganisms while
maintaining wholesomeness and sensory quality." This paper will address opportunities
for food irradiation in controlling foodborne disease and preserving quality in the world
to come. It likewise will address the challenge represented by consumer acceptance and
regulator)' approval.

Foodborne disease is a leading cause of morbidity and mortality around the globe.
Hunger likewise is a constant companion to a significant number of the world's peoples.
Food irradiation can significantly ameliorate both these problems. The destruction of
pathogenic microorganisms in food by gamma irradiation is obvious but providing more
food is less obvious. Approximately one-third of the world's food supply is either thrown
out or allowed to spoil each day. Food irradiation can extend the shelf life of food by as
much as twofold and thus would directly increase the availability.

The principal challenge of food irradiation for the future is to achieve mass production
status in highly visible situations. This can be done by large volume usage in Western
countries or in selected developing countries. The need for this relates to consumer
acceptance. As long as utilization is minimal and in circumscribed areas, food irradiation
will continue to be viewed as a novelty and/or an experiment when in fact it has been
around for over 90 years.

Competition also can and would facilitate acceptance of the technology. In the US for
many years, only one company was in the food irradiation business. This stymies
innovation and entrepreneurship and continues to foster the public opinion that food
irradiation is a specialty technique that is not applicable to a significant portion of the
food supply. Finally a period of intense usage of food irradiation will doubtlessly result in
fewer cases of food borne disease. These results will encourage wider employment of
food irradiation and will serve to make the technology appealing to other nations.

The future of food irradiation is filled with promise. Consumers of the next century
likely will grow to appreciate the technology for the lifesaving modality that it is.
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HARMONIZATION OF REGULATIONS ON

FOOD IRRADIATION

Roberts, P.B.

Institute of Geological and Nuclear Sciences, Lower Hutt, New Zealand

The approach of the new millennium brings with it an increasing prospect for

international trade in irradiated foods. This prospect should re-focus attention on the

need for regulations on irradiated foods to be harmonized as much as possible.

Without harmonization, international trade may be significantly hindered.

Through its ability to produce safe, hygienic foods, irradiation can assist developing

countries meet the strict requirements for entry into markets in developed countries.

Trade in herbs and spices and in fruit and vegetables are examples of commodities for

which irradiation can guarantee safety from microbial contamination and insect pests.

Irradiation is now a favoured treatment option for such foods as it eliminates the need

for treatments by chemicals that are of health and environmental concern Other

options for trade in irradiated foods include meat and seafoods. Notable is recent

action which will lead to the commercialisation of the irradiation of red meat in the

United States and increasing concerns generally about contaminants such as E. coli

0157:H7 and Listeria monocytogenes.

Over forty countries have regulations in place permitting the irradiation of one or,

frequently, many foods. However, overall, there is relatively little uniformity in the

regulatory environment for irradiated foods. This is despite the existence of a Codex



General Standard for Irradiated Foods since 1984 and the responsibility placed on

member states of the World Trade Organisation to harmonize sanitary and

phytosanitary measures on as wide a base as possible.

The International Consultative Group on Food Irradiation has published Guidelines for

the Authorisation of Food Irradiation Generally or by Classes of Food. This

recommends a framework of harmonized regulations based on the Codex General

Standard. In the area of phytosanitary measures, regional plant protection authorities

have endorsed irradiation as a quarantine treatment of fresh fruits and vegetables.

Steps to provide a harmonized framework for irradiation as a quarantine treatment

have recently been made in countries in Asia and the Pacific.

The progress made towards harmonized regulations in the regions of Asia/Pacific,

Latin America, Africa and the Middle East will be reviewed.
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STATUS OF THE FOOD IRRADIATION HARMONIZATION
IN THE EUROPEAN UNION

prepared for the FAO/IAEA/WHO International Conference on
"Ensuring the Safety and Quality of Food,

through Radiation Processing
(Antalya 19-22.10.1999)

by Hippocrates VOUNAKIS, Principal Administrator,
Foodstuffs Unit (III.E-1), European Commission

On 22 February 1999, the European Parliament (EP) and the Council adopted formally
two legislative texts regulating the food irradiation in the European Union. The agreed
texts, published in the EU Official Journal L n° 66 of 13 March, consist of:

a. A framework Directive on the general and technical aspects for carrying out
the process, on labelling and decisions to authorise foods and food ingredients
treated with ionising radiation, and

b. An implementing Directive establishing a Community list of foodstuffs
authorised for irradiation treatment.

At the adoption, the list contained a single food category, the dried aromatic herbs,
spices and vegetable seasonings. EU countries have to permit the marketing and use
of these products by September of 2000.

The objectives of the framework directive are:

-to lay down the rules to be observed by the units carrying out irradiation
(standards, inspections, records, radiation sources, etc.);

- to define the conditions for authorising foodstuff irradiation
(purposes, wholesomeness of food, reasonable need for treatment);

-to establish procedures for authorisation of treatment with ionising radiation and the
marketing and import of foods treated (doses and sources of radiation, inspections,
labelling, etc.)

Their legal basis is Article 100A of the Treaty, which foresees that amendments
related to the above issues are to be carried out by a joint Council and Eur. Parliament
decision procedure, (codecision), which usually requires at least one and a half years.



Both directives also provide a safeguard clause, which allows the Eur. Commission to
use a shorter procedure in order to adopt quickly amendments that become necessary
following the introduction of urgent national measures. This is a widely used standard
clause, aiming only at the protection of public health under urgent circumstances.

The points of the framework directive presenting a particular interest for trade are:
• the establishment of the Community list of irradiated products in stages (Art. 4.2),
• the conditions under which existing national authorisations would operate in a

transitional period (Article 4.4).
• the compulsory labelling of any irradiated food and food ingredient, even when

incorporated in compound ingredients used in finished products (Art. 6.1c),
• the official approval of irradiation installations of any country (Art. 7 and 9)

For the completion of the above list the Eur. Commission shall make a proposal to the
EP and the Council by the end of year 2000 (Art. 4.3), taking into account existing
national authorisations and the opinion of the Scientific Committee for Food (SCF).
A letter has been sent to this purpose to Member States, asking for suggestions.
The decision on the eventual transfer of national authorisations to the EU list will be
taken by codecision.

National authorisations existing at the time of adoption may be maintained until the
entry into force of the completed list foreseen by Art. 4.3, provided they are cleared by
the SCF and comply with the framework directive; otherwise they cease to be valid (Art
4.4). No national authorisation can be issued any more.
The restriction of issuing new authorisations does not apply for products that had been
authorised in other Member States and cleared by the SCF (Para. 5).

Until the entry into force of the directive completing the Community list, Member
States may retain their national bans, in compliance with the general rules of the EU
Treaty (Para. 7).

Irradiated foodstuffs imported from third countries are subject to the same conditions
regulating their treatment, as in the European Union. Their imports may be permitted if
the irradiation facilities carrying out the treatment in the country of origin have been
approved by EU. The list irradiation facilities which would be approved, shall be
published in the Official Journal of the European Communities.
Preparatory work on the approval procedure is expected to start by next November.
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Legal and technological consequences of the ongoing harmonization of regulations in the
field of food irradiation.

by
D.A.E. Ehlermann
Institute of Process Engineering, Federal Research Centre for Nutrition, Haid-und-Neu-Str.
9, D-76131 Karlsruhe, Germany

Extended Synopsis

After more than ten years of dispute within the EU, two Directives [1, 2] on food irradiation
entered into force on 20 March 1999. This formally ends an absurd situation, where a Single
Market for the EU entered into force in 1993, but the now 15 member states continued to
regulate processing of food by ionizing radiation in a completely divergent manner. It is for
legal-technical reasons that the EU-Directive is now a twin consisting of a framework-
directive and an implementing directive. Whereas all technological aspects including 'condi-
tions for authorising food irradiation' and 'sources of ionising radiation' are covered in the
first one, the crucial - since final - 'Community list of foods and food ingredients to be treated
with ionizing radiation' makes up the second one [3].

The new EU-Directive is already at variance with the relevant Codex Alimentarius Standard
[4] which has become binding for all signatories of the WTO-agreement. Especially, the
implementing directive at present lists only a single item 'dried aromatic herbs, spices and
vegetable seasonings' whereas the Codex Alimentarius Standard recognizes food in general
with no restriction by items. Many other provisions of the EU-Directive are at variance with
other efforts to globally harmonize food irradiation [5]. In particular, the use of the termi-
nology 'overall average absorbed dose' in toxicology and its possible meaning in regulations
was confounded when the EU began to prepare for harmonization [6] and this continues now
in the directive. When the EU-commission fell back on 'overall average dose' this was caused
on a complete misunderstanding of this terminology as first defined and introduced by the
international expert committee [7] which laid the foundation for the Codex Alimentarius
Standard [4]. In contrast, other harmonization approaches were more prudent when defining
dose limits for food irradiation and took also into consideration the removal of the unfortunate
clause on 'overall average dose' and replaced it by 'advisory technological dose limits' [5, 8].
Furthermore, the EU-members United Kingdom and The Netherlands had already re-drafted
their legislations in order to resolve the problem of dose limits [9, 10]; however, this solution
would be annulled and superseded by the EU-Directive.

The approach in the world-wide harmonization takes into consideration current practices of
process and of quality control in the radiation processing industry; it also provides regulations
which can be enforced and inspected by authorities [11]. Such generalized approaches have
already been implemented by some countries (eg Pakistan and Ghana) and are intended for
immediate implementations by member countries of ASEAN. This sets the pace for the
development in international relations and is in complete congruence with the WTO-agree-
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ment and its agreements on the Application of Sanitary and Phytosanitary Measures (SPS) and
on Technical Barriers to Trade (TBT). The conflict with the up-coming EU-regulations will
be explained and possible adaptions for improved conformity with the international rules will
be discussed. The importance of regulations which give room on one hand for prudent
exploitation of the technology of radiation processing and on the other hand which utilize
inherent features of the technology for its control elaborated. Such approach would serve best
the needs of industry, government and consumers.
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Irradiation as an Alternative Treatment to Methyl Bromide for Insect Control

Subhash C. Gupta, Ph.D.

subhash.c.gupta@usda.gov

Plant Protection and Quarantine, Animal and Plant Health Inspection Service

The United States Department of Agriculture

Abstract

Methyl bromide is currently in widespread use as a fumigant. The environmental effects of using

methyl bromide are being scrutinized by international, Federal, and State agencies. The United

States Environmental Protection Agency (EPA), based on its evaluation of data concerning the

ozone depletion potential of methyl bromide, published a rule in the Federal Register on

December 10, 1993 (58 FR 65018-65082). That rule froze methyl bromide production in the

United States at 1991 levels and required the phasing out of domestic use of methyl bromide by

the year 2001. EPA revised the accelerated phase-out regulations that govern the production,

import, export, transformation and destruction of substances that deplete the ozone layer under

authority of Title VI of the Clean Air Act Amendments of 1990 (CAA) and established a 25

percent reduction in the 1991 baseline levels of production allowances and consumption

allowances for methyl bromide (class I, Group VI controlled substance) for the 1999 and 2000

control periods (Federal Register, June 1, 1999, 64 FR 29240-29245). This rule also allows EPA

to amend these regulations through notice and comment rule-making for a complete phase-out of

production and consumption with processes for special exemptions permitted under the Montreal

Protocol by the beginning of January 1, 2005. EPA plans to publish a proposal that will describe

a process for exempting quantities of methyl bromide used in the U.S. for quarantine and pre-

shipment from the reduction steps in the phase-out schedule.

The Agriculture, Rural Development, Food and Drug Administration, and Related Agencies

Appropriations Act, 1999, further provides a quarantine-use exemption for the production,

importation, consumption of methyl bromide to fumigate commodities entering or leaving the

United States for purposes of complying with APHIS regulations. EPA has also indicated that it

will work closely with USDA, State agricultural departments, and other stakeholders to define

the pre-shipment and quarantine uses of methyl bromide that will be exempt from the phase-out.

EPA's proposal assumes the continued availability of methyl bromide for use as a fumigant for

at least the next few years. Nonetheless, the Animal and Plant Health Inspection Service
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(APHIS) of the United States Department of Agriculture (USDA) is studying the effectiveness

and environmental acceptability of alternative treatments to prepare for the eventual

unavailability of methyl bromide fumigation.

APHIS has been exploring alternatives to methyl bromide to remain in compliance with the

regulations promulgated by the United States Environmental Protection Agency (EPA).

Researchers with the Agriculture Research Service of USDA and several academic institutions

around the world are actively engaged in finding solutions to combat agriculture pests.

Radiation treatment of many traded commodities represents a viable alternative to methyl

bromide fumigation and has been found to be one of the best quarantine treatments in reducing

and combating the entry of harmful pests into the United States. Scientists are actively

investigating the tolerance doses for a number of tropical fruits, and the minimum doses for

several quarantine pests. This paper discusses the status, benefits and risks of irradiation over

methyl bromide fumigation for controlling insects that infest plant and products.
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ABSTRACT

Epidemiology of Foodborne Diseases - Role of Food Irradiation

Etzel, RA, Director, Division of Epidemiology and Risk Assessment, Office
of Public Health and Science, Food Safety and Inspection Service, United
States Department of Agriculture, Washington, D.C., U.S.A.

Foodborne illness is a serious problem throughout the world. In the United
States, the Centers for Disease Control and Prevention estimates that 76
million illnesses and almost 5,000 deaths per year can be attributed to food-
related hazards. U.S. estimates of the annual cost of medical treatment and
lost productivity vary widely, from $6.6 billion to $37.1 billion from the
seven major foodborne pathogens. Only a fraction of the people who
experience foodborne illness seek medical care. In those who do seek care,
and who submit stool specimens, bacterial agents are most often determined
to be the cause of the illness. The bacterial agents most often identified in
patients with foodborne illness in the United States are Campylobacter,
Salmonella, and Shigella species, although substantial variation occurs by
geographic area and season. Although testing for viral etiologies of
diarrheal disease is rarely done, viruses are considered to be the most
common cause of foodborne illness in the United States. Irradiation of
foods, approved by the U.S. Food and Drug Administration in 1997 and
proposed by the U.S. Department of Agriculture's Food Safety and
Inspection Service in 1999 for use on raw meat and meat products, has the
potential to reduce the risk of foodborne illness. A final rule is expected to
be issued by the Food Safety and Inspection Service in late 1999.
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Irradiation: A Critical Control Point in ensuring Microbilogical Safety of Raw Foods

R.A. Molins1 and Y. Motarjemi2

1 Food and Environmental Protection Section, Joint FAO/IAEA Division of Nuclear Techniques
in Food and Agriculture, Vienna, Austria, 2 Food Safety Unit, World Health Organization,
Geneva, Switzerland
Prsenter: Fritz Kaferstein, FDA/USDA, Washington,DC, USA

ABSTRACT

The widespread and increasing incidence of foodborne diseases and the
resultant social and economic impact on the human population have brought food safety to the
forefront of public health. This has prompted public health authorities worldwide to reassess
their methods of food safety assurance, and to resort to a more cost-effective method that is
known as the Hazard Analysis and Critical Control Point System (HACCP).

Ensuring food safety depends on effective control measures, i.e. methods
to prevent food contamination and, when necessary, decontamination. Present production
methods cannot totally prevent food contamination, and the complexity of food provides ample
opportunity for contamination as well as survival and growth of pathogenic organisms.

The application of an HACCP based approach as a method for the
management of hazards of the food chain demonstrates the need for applying a cold
decontamination treatment (referred to as cold pasteurization) as control measure in the
production of foods which are to be marketed raw or minimally processed.

This paper will show that irradiation is such a control measure in the
production of several types of raw or minimally processed foods such as poultry, meat and meat
products, fish, seafood, and fruits and vegetables (including spices). In the production of these
foodstuffs, irradiation is thus a Critical Control Point in the food chain. It has the potential to
eliminate vegetative forms of bacterial pathogens as well as parasites. Moreover, irradiation
fulfills other criteria for a Critical Control Point, i.e. critical limits (minimum and maximum
doses)can be established and monitored. Corrective actions can also be taken when necessary.

Irradiation is a safe technology and has been recognized as such by the
FAO/WHO Codex Alimentarius Commission. It certainly merits the attention of industry and
public health authorities. Today, 40 countries permit the irradiation of one or more foodstuffs.
12 countries have approved its use for pathogen control in poultry, 7 other for use in meats and
13 in fish and seafood.
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ROLE OF IRRADIATION IN A MULTIPLE-HURDLE APPROACH TO FOOD SAFETY

Margaret Patterson
Food Science Division, Department of Agriculture for Northern Ireland and The Queen's
University of Belfast, Newforge Lane, Belfast BT9 5PX, Northern Ireland, UK.

Irradiation is a very effective preservation method that can improve the
microbiological safety and quality of many foods. However, the dose which can be applied,
and hence the extent of microbial kill, may be limited by undesirable changes in sensory
quality including flavour, appearance and texture. This problem can be overcome by using
irradiation in combination with other preservation techniques. The idea of superimposing a
number of preservation methods has been described as the "Hurdle Concept" [1]. It was
originally used for the formulation of a number of shelf-stable meat products but the concept
can be applied to a wide range of foods, particularly as minimally processed, low-additive
products are perceived by consumers as being more "natural" and "healthy". There are many
examples of how the hurdle concept is used by the food industry to extend shelf-life and/or
increase microbiological safety of foods as well as making them shelf-stable.
This paper will describe a number of such applications involving the use of irradiation in
combination with other preservation methods to enhance preservative action and/or reduce the
severity of one or all the treatments. Some would argue that this approach is where the major
benefits of food irradiation will eventually be seen.

One of the most common combination treatments is the use of irradiation in
with refrigeration. For example, a dose of 2.5-3 kGy is sufficient to significantly reduce
vegetative pathogens in poultry meat. Many spoilage organisms will also be killed, thus
extending the shelf-life. However, the maximum potential of shelf-life extension will only be
achieved if the meat is kept refrigerated after irradiation. This same principle also applies to
milk pasteurisation, where the heat treatment is primarily aimed at inactivating vegetative
pathogens and, as numbers of spoilage organisms are also reduced, the product has an
increased shelf-life. However, in order to achieve most benefit from the process the
additional hurdle of refrigeration has to be used.

A combination of irradiation with mild heat has also been shown to be effective in
controlling spoilage organisms and increasing the safety of certain foods. For example, an
irradiation dose of 5 kGy is sufficient to sensitise clostridial spores to subsequent heating [2].
This was found to be of value in heat-treated spiced meats, where the heat treatment required
in the canning process could be reduced as the spores in the irradiated spices were heat
sensitised. Irradiation can also sensitise vegetative cells to subsequent heating [3]. This could
be advantageous in irradiated foods, such as raw meats, which are cooked before consumption
and in ready meals, which are reheated prior to consumption. Other physical treatments, such
as modified atmosphere packaging can also act synergistically with irradiation to improve
microbial kill [4].

Successful combinations of chemical preservatives with irradiation have been reported
by several authors. For example, the addition of sodium chloride [5] or nitrite [6] along with
irradiation was found to delay or inhibit toxin formation by C. botulinum.

In conclusion, the preservative effects of radiation can often be advantageously
combined with the effects of other physical or chemical agents. The resulting multi-hurdle
treatments may involve synergistic or cumulative actions, leading to a decreased requirement
for one or more of the agents. This in turn may result in improved sensory and
microbiological quality of the products.
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REDUCING MICROBIAL CONTAMINATION INCLUDING SOME PATHOGENS

IN MINCED BEEF BY IRRADIATION

I.F. KISS

University of Horticulture and Food Industry, Budapest, Hungary

H. KOVACS-DOMJAN

National Food Investigation Institute, Budapest, Hungary

The aim of our experiments was to reduce some pathogens and spoilage

microorganisms in aerobically packed minced beef by ionizing radiation.

The microbial contamination of beef is relative low. Application of the Good

Manufacturing and Hygienic Practice improves the quality and safety of foods but the

storability of minced meat at 4°C is very short The growth of microorganisms

including the very few pathogens, too, is very fast, therefore, this type of meat

product may represent potential health hazard.

The ionizing radiation is one of the possible treatments for decontamination of meat,

it is a physical method. Radiation can inactivate microorganisms in foods without

significant alteration of their sensorial acceptability!!].

Minced beef was inoculated with a coctail containing from each strains 109 CFU per

milliliter (E.coli OKI 33001, ATCC 9637 ; S.aureus ATCC 9144; Lmonocytogenes ATCC

19111, NCTC 7973) and after homogenization was packed in polyethylene

pouches(aerobically-packed).The radiation doses applied were 1.0, 2.0, and 3.0 kGy,

respectively. Irradiation was carried out in a RH-gamma-30 (Co-60) laboratory source

(dose rate 1.99 kGy per hour). The microbiological investigations of inoculated and

uninoculated samples were carried out as a function of radiation dose and storage
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time.The total viable cell count(in the original product and that inoculated with the

coctail) was determined on Nutrient Agar (Oxoid) at 30°C for 48 h; E.coli on VRB

Agar (Oxoid) plates at 30°C for 24 h; S.aureus on Baird-Parker Agar (Oxoid) plate 37°

C for 48 h; Lmonocytogenes: Palcam Agar with Supplement (MERCK) at

37°C for 48 h. Samples were stored at 4°C temperature. The D values of strains

were determined from regression equations of relationship between of survival

fraction and radiation dose.

The original microbial contamination of minced beef was TVC:104/g and decreased

1.3, 2.0 and 3,0 log cycles by 1.0, 2.0 and 3.0 kGy, respectively .The irradiation

stabilized values for 2 days but samples riched the critical value(107/g) after 5, 6 and

7 days. As compared with un- irradiated sample, the shelf life increased 2, 3 and

3.5 times. Survival curves in inoculated minced beef were studied as a function

of irradiation dose. The estimated Di0 values of inoculated strains from

regression equations were 0.29 kGy for E.co//0.44 kGy, for S.aureus, 0.42 kGy for

L.monocytogenes, and 0.94 kGy for the original microflora. It was found that in 2

kGy irradiated of samples the surviving fraction of E.coli increased approx. 0.5 log

cycle during 10 days but it did not grow at all in the samples irradiated with 3 kGy.

Survival of S.aureus continued to decrease during post-irradiation storage for 3

days and afterwards it did not change practically up to 10 days. In case of

L.monocytogenes the survival fraction did not change during the first 3 days, then it

reached 107/g on 7 days storage time in samples, while in those treated with 2 and

3 kGy reached this level at approx. 11 days.

It was concluded that the shelf life of minced beef can be extended up to three times

by 2 kGy In case E.coli and S.aureus, even very high initial cell counts can be

reduced to an acceptable level and minced meat stabilized for a long period. It

means that in case of a very low contamination level as in the practice, 2 kGy

reduces the viable cell count satisfactorily and inhibits the growth of the survivors of

these organisms. The applied doses retarted the viable cell count of the surviving

fraction of L.monocytogenes in minced beef for three days, afterwards the growth
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rate was still lower in the irradiated samples. We obtained similar results in our

earlier experiments, too[2.].

We thank Dr.L.Gazso for the irradiation in "Frederic Joliot-Curie" National Research

Institute for Radiobiology and Radiohygiene.

The experiments was sponsored by the National Science Foundation of

Hungary(OTKA No. T 021140).
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R2 =0,9845

y=-3,4012x+7,6792
R2= 0,9962

DoseQcGy)

Surviving of original microflora and inoculated strains in minced

beef as a function of irradiation dose.
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Safety of Food Irradiated with Doses Above 10 kGy

Dr Gerald G. Moy
Food Safety Programme

World Health Organization

This paper presents the recommendations of an international Study Group of experts
convened by the World Health Organization, in collaboration with the Food and
Agriculture Organization and the International Atomic Energy Agency, to consider the
implications of food irradiation to doses higher than those recommended in 1980 by
the Joint Expert Committee on the Wholesomeness of Irradiated Food.

Irradiation ensures the hygienic quality of food and extends shelf-life. The public
perception of the safety of food irradiation has generally precluded its widespread use.
However, current applications of food irradiation to doses over 10 kGy can be seen in
the development of high-quality- shelf-stable convenience foods in a number of
countries for general use and for specific target groups such as immunosuppressed
individuals and those under medical care. These foods have also been used
successfully by astronauts, military personnel and outdoor enthusiasts.

The Study Group reviewed and evaluated data relating to the toxicological,
nutritional, radiation chemical and physical aspects of food irradiated to doses above
10 KGy from a wide range and number of studies carried out over the last forty years,
including the most recent studies. In their evaluation, the Study Group was guided by
prior established principles for determining the wholesomeness of foods so processed:
that such foods be deemed safe if they pose no toxicological or microbiological
hazards; and that they be deemed adequate for consumption if they pose no special
nutritional problem. Furthermore, the Group was guided by the principle that the
determination of wholesomeness for a representative food could be extrapolated to
other foods of similar composition on the basis of available chemical data.

Consistent with these principles, the Study Group focused on the wholesomeness of
foods or classes of foods (i.e. meats, fruits/vegetables), appropriately pre-treated and
packaged, that are irradiated to average doses higher than 10 kGy to reduce or
eliminate pathogenic and spoilage microorganisms as may be required for the
particular product. The Study Group concluded that foods treated with doses greater
than 10 KGy can be considered safe and nutritionally adequate when produced under
established Good Manufacturing Practice.
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Trends in Post-Production Technology
Morton Satin

Chief, Agro-Industries and Post-Harvest Management Service

Food and Agriculture Organisation of the United Nations

Abstract

Global consumer demand for fresh tasting and nutritious, high-quality

foods has created considerable interest in the development of new or improved post-

harvest storage and food-processing techniques. The competitive struggle for

markets, which has resulted from more liberalised trade regimes, requires a much

greater emphasis on highly efficient and effective post-harvest technologies including

handling, processing and distribution in order to access markets further and further

afield. While there is no doubt that traditional methods have contributed to improved

food availability and safety in the past, conventional heating and cooling reduce many

quality attributes of foods.

Consumers are demanding access to more and more fresh products, no

matter where in the world they are. This demand, together with the banning of ozone-

depleting fumigants has created the incentive to ensure a much wider use of improved

post-harvest storage methods as well as new and emerging non-thermal technologies.

Several factors lead to the cumulative causes of post-harvest food

losses in developing countries. These include inefficient harvesting and handling

methods, poor processing techniques, inadequate methods of storage and distribution

and even poor preparation of foods in the home. The wide range of current

technologies for post-harvest anti-microbial or disinfestation treatment are described

including hot water application, treatment with synthetic as well as natural compounds

and physical treatments. The most promising of the new and emerging post-harvest

technologies are also described, including food irradiation, high-pressure processing,

pulsed-electric fields and pulsed light applications. Despite the demonstrated safety

and value of the new technologies, concern still remains regarding the misperceptions

related to their application.
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CONTROL OF POST-HARVEST LOSS OF GRAIN, FRUITS AND VEGETABLES BY
RADIATION PROCESSING

PAUL THOMAS
Consultant, Food & Environmental Protection Section, International Atomic Energy Agency,
Vienna, Austria

Reducing the wastage of crops after they are harvested is still a low priority for many
countries in their efforts to bridge the widening gap between food production and food
requirement. Conservative estimates of post-harvest losses indicate the average loss of cereals
and legumes is above 10%. For more perishable produce the losses exceed 20% of roots and
tubers and 30% of fruits and vegetables[l]. Many of the post-harvest chemical fumigants
currently in use, such as, ethylene dibromide (EDB), methyl bromide (MB) and ethylene oxide
(ETO) are either banned or to be phased out in view of their harmful effects on human health and
environment. Therefore, satisfactory long term storage of staple crops may be at risk as
traditional fumigants are phased out. Research conducted world wide in the past four decades
have shown that radiation processing is an effective and safe method for several commercial
applications, e.g. controlling insect infestation in grains and other stored food products, delaying
the ripening of fruits and preventing sprouting in bulb and tuber crops

Control of insect infestation in grains and other stored food products: The major cause of post-
harvest loss in stored grains and products such as cereals, legumes, flour, oil seeds, coffee beans
and cocoa beans is due to feeding by larvae and adults of several stored products insects such as
weevils, beetles and moths. The losses could reach enormous proportions under the warm
tropical climates as these pests multiply rapidly and cause product damage. Methyl bromide, the
most widely used post harvest fumigant for grains is to be phased out under an international
treaty ( Montreal Protocol) in view of its strong ozone depleting properties. Irradiation at fairly
low doses, of the order of 1 kGy or less is an effective alternative to chemical treatment of foods.
Doses in the range of 0.2 to 0.7 kGy are adequate to sterilize or prevent multiplication of the
insects. Moreover, these dosages inflict damage to the midgut of the insects there by affecting
their feeding ability, eventual starvation and death [2] . Therefore, very little product damage
occur even if larvae and adults survive for some periods following treatment. The advantages of
radiation processing include short treatment time in comparison to several days of exposure
required in chemical fumigation (e.g. phosphine ), no undesirable chemical residues in the food,
no resistance developed by the insects as in the case of phosphine, and no significant changes in
the physicochemical and functional properties or the nutritive value of the treated products [3].
Also, prepackaged cereals, legumes, flour etc. in consumer packs can be treated which is not
feasible with fumigants. Since irradiation has no residual effect, it is necessary to prevent
reinfestation by proper storage management and the use of insect resistant packaging materials.
For bulk storage for longer periods it may be necessary to use insecticide impregnated packages
to prevent reinfestation by boring insects [2].Treatment with accelerated electrons is the cheapest
for high-volume operations [3] and may be the preferred method when large volumes are to be
treated for storage in insect proof silos. Commercial irradiation of grain with electron
accelerators was used in the Ukraine during 1980's [4].

Post-harvest loss reduction in fruits and vegetables: Biochemical and physiological changes
leading to ripening in fruits make them more susceptible to mechanical damage and attack by rot
producing fungal pathogens. In these commodities extension of the very short shelf-life, is highly
desirable, and in some cases , critical for their transport and marketing. Refrigeration, modified
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atmosphere and removal of ethylene can delay the ripening process, but has limitations as many
of the tropical fruits show chilling injury or CO2 injury. Suppression of ripening in bananas,
mangoes, papayas, and other tropical, subtropical and temperate fruits have been observed when
irradiated to low doses in the range of 0.25 to 1.0 kGy [5, 6]. The optimal dose may vary between
fruits and among varieties of the same fruit. Irradiation has been shown to increase the shelf-life
of fruits at non chilling temperatures and their transport over long distances[6]. Also in
combination with other physical treatments such as hot water dip, low dose irradiation can
replace chemical fungicides for post-harvest control of fungal rots [6]. On the other hand the
mould free refrigerated shelf-life of strawberries was increased by irradiation at 2 kGy [6] or by a
combination of CO2 and irradiation below 1 kGy [3]. Small scale commercial application of
irradiation to control spoilage losses of strawberries has been carried out increasingly in the USA
since 1992. Irradiation at the dosages used for delay of ripening could also provide quarantine
security against pests of fruit crops entering international trade (see in this Conference).
Inhibition of sprouting in stored bulb, tuber and root crops: Sprouting in these crops can be
detrimental to their nutritive value and marketabiltiy. Storage at low temperatures or chemical
sprout inhibitors is practiced to control sprouting. Chemicals such as maleic hydrazide ,propham
and chlorpropham used under cold climates for sprout control are not effective under warm
climates and moreover these chemicals leave residues considered by some to be harmful, and
many countries have prohibited their use [4] . Sprouting of crops such as onions, shallots, garlic .
potato and yam is inhibited by doses in the range of 0.02 to 0.15 kGy [7-9]. Inhibition of
sprouting is more effective when these crops are irradiated soon after harvest when the
commodities are still dormant [8,9]. It is to be emphasised that irradiation is meant only for
prevention of sprouting and losses on account of microbiological spoilage may continue to
occur and needs to be controlled by good storage management including aeration, humidity and
temperature of the storage environment. For example prolonged storage of potatoes under the
warm tropical conditions leads to bacterial and fungal rots and therefore, storage at cooler
temperatures of 10 to 20 °C is recommended depending on the intended storage duration.
Irradiated tuber and bulb crops have been shown to be suitable for further industrial processing
e.g. french fries from potatoes and dehydrated flakes from onions and garlic [8,9]. Large
commercial scale irradiation of potatoes has been carried out in Japan since 1974. Since mid
1990's China has implemented large scale irradiation of garlic for sprout control.
Outlook for radiation processing

Irradiation provides a sustainable, less energy intensive and environmentally friendly treatment
for the control of a wide variety of insect pests, spoilage organisms and physiological processes
in durable and perishable crops listed earlier. National regulations, and international ( Codex)
standards are in place and public and food industry perceptions on the safety and benefits of the
process are more positive. In view of the phasing out of the currently used post harvest chemical
fumigants, irradiation either alone or in conjunction with other post-harvest procedures can
contribute towards the goals of achieving food security in developing and less developed
countries by effectively reducing post-harvest losses.
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Use of "Soft-electron" for decontamination, disinfestation and
sprout-inhibition
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Tsukuba, Ibaraki, 305-8642 Japan

ABSTRACT

"Soft-electron", new term we have created means an electron with an energy of 300

keV or lower. Soft-electrons with extremely small penetration capacity will open a door to

novel sanitary and phytosanitary treatments for the first century of next millennium. Use

of soft-electrons can supplement food irradiation technology developed and

commercialized in the last decades of this century. Irradiation can decontaminate spices,

herbs, dehydrated vegetables with little adverse effects on flavor and color, and blood

plasma and whey protein with little functional change. Radiation treatment, however, still

has a few drawbacks; degradation of starch and oxidation of lip ids, so irradiation can not

apply to decontamination of grains with high starch contents and seeds (e.g. soy bean and

sesame) with high lipid contents. Irradiation adversely affects germination of seeds, as

well.

Soft-electrons can eradicate microorganisms on the surface of dry food ingredients

such as grains, dehydrated vegetables, spices, pulses and tea leaves with little quality

deterioration. The penetration depths of the soft-electrons are too small to cause

detrimental effects on the ingredients. Treatment of seeds with soft-electrons results in

extremely low levels of microbial contamination and the same extents of germination and

growth, as compared with untreated seeds. Soft-electrons at lower dose inactivate eggs,

larvae, pupae and adults of insects such as red flour beetle and Indian meal moth. Adults

of adzuki bean weevil do not emerge from the beans which have been infested with the

eggs and exposed to soft-electrons, while a lot of adults emerge from untreated beans

infested with the eggs. Soft-electrons can inhibit sprouting of potatoes.
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The portion of grains exposed to electrons are removed as husk and bran by dehusking

and/or milling. Potatoes are usually peeled and then used for processing or cooking.

Therefore, chemical compounds formed in food by electron exposure are removed by

dehusking, milling or peeling, and no such compound resides in the edible parts, which

suggests the safety of foods treated with soft-electrons.

Electrons with such low energies do not require a thick shield due to their low

penetration capacity, which enables in-line decontamination at food processing plants. The

total cost for construction of a facility with an accelerator and a shield is less than US$ one

million, much cheaper than ordinary irradiation facilities with gamma-rays or high-energy

electrons. The costs of soft-electron treatment are estimated at US$50-200/ton and

US$10/ton for decontamination and sprout inhibition, respectively.
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FOOD IRRADIATION: TECHNICAL AND ECONOMIC
CONSIDERATIONS

Peter Kunstadt
MDS Nordion

447 March Road, Kanata, Ontario
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ABSTRACT

Today, gamma processing enjoys a well deserved recognition as an industrial process especially in
the area of sterilization of disposable medical products. Although this process has been in use for
well over 30 years, its acceptance was not immediate. Only with time did reliability and cost
effectiveness bring wide recognition by consumers, industry and authorities. A similar development
is taking place in the area of processing of food by gamma radiation. Irradiation is a promising and
appealing new application of food processing technology.

The number of food products being radiation processed is constantly increasing and today includes
such diverse items as medical disposables, fruits and vegetables, bulk spices, meats, seafoods and
waste effluents. Not only do the products differ but also many products, even those within the same
groupings, require different minimum and maximum radiation doses. These variations create many
different requirements in the gamma irradiator design.

The design of Cobalt-60 radiation processing facilities is well established for a number of
commercial applications. Installations in some 50 countries, with some in operation since the early
1960's, are testimony to the fact that irradiator design, manufacture, installation and operation is a
well established technology. However, in order to design gamma irradiators for the preservation of
foods one must recognize those parameters typical to the food irradiation process as well as those
systems and methods already well established in the food industry. These varying process
parameters also significantly effect process economics.

This paper discusses the basic design concepts and their economics. It will be evident that
irradiators are most efficient when designed to handle a limited product density range at an
established dose. Requirements for irradiators to process a multitude of different products at
different doses and under varying conditions represent a challenge to irradiator efficiency and
resultant processing costs. The effects of various parameters on processing costs will also be
discussed.

As the global role of food irradiation continues to increase, the question of future availability of
cobalt-60 sources and their economics enjoys increased attention. This topic will be also addressed
in this presentation.
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ECONOMICS OF MACHINE SOURCES FOR IRRADIATION OF FOOD

Marshall R. Cleland, Arnold S. Herer and Ahmet Cokragan
Ion Beam Applications

Louvain-la-Neuve, Belgium

ABSTRACT

Machine sources of ionizing energy for the irradiation of food include beams of energetic
electrons and X rays (bremsstrahlung) generated when the electrons are intercepted with
metallic targets. Electron energy requirements depend on the thickness and density of the
products and cover a wide range from 0.1 to 10 MeV. The lowest electron energies can be
used for treating surfaces, fluids and granular materials while the highest energies can be
used for fruits, vegetables and meats with thickness up to about 10 cm. X rays are capable
of treating containers of such products which are more than 50 cm in thickness. Electron
beam power requirements depend on the absorbed dose and the throughput rate of the
treatment process and also cover a wide range from less than 10 to more than 200 kW.
The dose for various applications can be as low as 0.15 and as high as 30 kGy while the
throughput rate can range from a few to hundreds of tonnes per hour. With such a variety
of process specifications, the cost of irradiating food also varies substantially from one
application to another. In this paper, estimates are given for the fixed and variable costs
for typical applications. Fixed costs include capital amortization, utilities, maintenance
and services for the facility (other than the irradiation equipment) and administration.
Variable costs include utilities and maintenance for the irradiation equipment, labor and
supervision for the treatment process, dosimetry, and consumable supplies. The total cost
per unit of product decreases as the throughput rate increases because the fixed costs are
then spread over a larger number of units.
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Marketing Irradiated Food

Consumer Views of Irradiated Food

Christine M. Bruhn, Ph.D.
Director, Center for Consumer Research
University of California, Davis, USA

Consumers respond to benefits. Irradiation offers advantages not obtainable by
other processing methods. More consumers have become aware of these
advantages and have heard widespread endorsement by health authorities.
Plans are proceeding for wide scale marketing of irradiated food in at least one
state.

Media coverage of illness from E. coli O157:H7, Salmonella sp., and other
pathogens has increased consumer concern about microbiological hazards in
food. More people volunteer concerns about microbiological hazards than any
other potential food safety problem. Consumer and government demands for
pathogen reduction are increasingly stringent.

Consumer interest in purchasing irradiated food has steadily increased,
specially when benefits of irradiation are mentioned. The extensive media
coverage following US Food and Drug Administration approval of red meat may
have been responsible for increased interest in irradiation used to destroy
pathogenic microorganism. Almost 80% of US consumers indicated they would
buy products labeled, "irradiated to destroy harmful bacteria," with interest
highest in irradiated poultry, pork and ground beef.

Consumers have purchased irradiated food whenever it has been
available. In recent years over 600,000 pounds of labeled irradiated fruit from
Hawaii have sold in the Midwest and California. In market tests up to 80% of
Kansas consumers selected irradiated poultry when priced the same or less than
non-irradiated poultry and about 20% when the irradiated product was priced at
a 20% premium. Currently acceptance of irradiated food is greatest in upscale
markets among a more educated public.

A marketing program in Florida featuring endorsement by public health
officials has established a demand for irradiated poultry in independent
supermarkets. The food service industry has also expressed increased interest in
irradiated poultry.

Consumers want information on the purpose of irradiation, such as the
destruction of harmful bacteria, the safety of irradiated food, the effect of
irradiation on nutritional value, and the opinion of the health community. The
preferred method to receive information is newspapers and government flyers.

Benefits drive acceptance. Most consumers want chicken free of Salmonella
and Campylobacter and meat free of £. coli O157:H7. High quality tropical fruit is
also appealing to the consumer and the food service industry. These demands
can be met through irradiation.
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MARKET TESTS AND CONSUMER STUDIES ON IRRADIATED FOODS IN
ASIAN COUNTRIES: A REVIEW

Dr. Alicia O. Lustre
Director, Food Development Center
National Food Authority

Market testing and studies on consumer response to the purchase of irradiated food
products have been carried out in several Asian countries (Bangladesh, China, India,
Republic of Korea, Pakistan, Malaysia, the Philippines Thailand and Vietnam). These
activities are valuable to the prediction and development of markets. They have also been
carried out in response to a pervading anxiety that consumer resistance will be a major
drawback to the successful commercialization of products.

This study reviews and analyzes the results of market testing and consumer response
studies in above Asian countries and evaluates these in relation to the potential for
product acceptance within and outside the region. It will evaluate consumer response per
se, the factors that have been found to affect these and the similarities and differences in
consumer response to irradiated foods in Asia and those reported in other countries. In
the light of the above findings, recommendations will be made on how to address
consumer needs in the marketing of irradiated foods in Asia.
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FLORIDA: A CASE STUDY IN MARKETING IRRADIATED POULTRY

Craig Hunter
MDS Nordion, 447 March Road, Kanata, Ontario

Canada K2K 1X8

In the United States, as in many other countries, selling irradiated food is considered by
many to be controversial. While the technical benefits and safety of the process are
well understood, the general public are often uninformed and their first reaction may be
to avoid irradiated foods because they fear of the word "irradiated" on the label. In
addition, certain consumer activist organizations have worked to fuel these fears
through the effective use of the news media.

The situation is a significant challenge to marketers of irradiated food. This paper
discusses recent experience in Florida (the only place where irradiated chicken is being
sold in the United States) and provides insights into the challenges and possible
solutions to successfully marketing irradiated food. Topics covered include the interests
of various stakeholders, issues in advertising and promotion, consumer reactions, and
the role that government can play in educating the public and influencing industry.
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Cold Pasteurization (Irradiation) of Foods:
Economic and Operational Considerations for

Protecting the Consumer and Producer
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ABSTRACT: The concept of integrating electron beam technology into meat
processing systems to reduce foodborne pathogens and spoilage micro flora is
forwarded. A vision for the commercialization of electron-beam irradiation
technology is presented.

INTRODUCTION

With the announcement to electronically irradiate tropical fruits in Hilo, Hawaii
and red meats at a Titan/Cloverleaf facility in Sioux City, Iowa for IBP, Excel and
others, I believe the food processors and the consumer are saying, enough
research! It's time for the food and meat processors to move forward with the
integration of irradiation technology into their production processes.
Governments, universities and industry have been conducting research to learn
about the effects of irradiation on food and foodborne pathogens for almost 50
years. They have studied: parasite control, microbial pathogen control, effects on
spoilage micro flora/shelf life, dosimetry, effects on packaging, toxicological
safety, effects on nutrients, environmental impact, etc. Based on the supporting
research, the Food & Drug Administration (FDA) and the Food Safety &
Inspection Service (FSIS) have issued regulations for the safe irradiation of fresh
fruit, vegetables, pork, poultry and red meat (approval of the FSIS rules for red
meat is anticipated in the near future). Many of these regulations have been in
existence for several years. Up until now, food producers have not
enthusiastically embraced this technology and have appeared to be concerned
about the consumers' acceptance and willingness to purchase an irradiated food
product. Mr. Philip B. Fletcher, Chairman and Chief Executive Officer of
ConAgra, Inc., in a 1994 interview with an Omaha World-Herald reporter
concluded his answer to a question pertaining to food safety with the following
statement:

"One of the ways that we obviously could attack the problem of
either E. coli or salmonella is with the use of irradiation. However,
the American consumer simply will not accept irradiation at this
point. That's an education (gap) we must somehow fill as we go
forward, because it's really sad to have a technology that can
ensure that a food has absolutely no bacterial contamination and
are unable to use it because of its lack of acceptance."
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This response doesn't question the effectiveness of irradiation technology, but
focuses on perceived consumer reluctance to accept the technology. Bruhn
(1995) reported marketing studies conducted worldwide indicate consumers will
purchase irradiated foods. Studies in the United States reveal the number of
consumers concerned about the safety of irradiated food has decreased over the
past 10 years and that acceptance increases when consumers are informed of
the specific advantages of the irradiation process. In 1998, the Food Marketing
Institute and the Grocery Manufacturers of America published the results of a
survey which indicated almost 80% of the consumers would likely buy food
labeled "Irradiated to Kill Harmful Bacteria". The bottom line is consumers, even
those with compromised immunity, have no choice to purchase a safer,
irradiated meat product because a dependable supply is not available.

The results of our product testing and sensory evaluations indicate that foods
(primarily meats and fruits) pasteurized with electron beam irradiation technology
are safe, have extended shelf lives and exhibit excellent sensory qualities. The
use of this technology as a final processing treatment prior to distribution to the
consumer provides a sure and cost effective solution for controlling harmful and
sometimes deadly foodborne pathogens such as Salmonella, Campylobacter,
Listeria monocytogenes and Escherichia coli 0157:H7.

A VISION FOR COMMERCIALIZATION

Food processors will demand that irradiation technology be integrated into the
process line in order to protect product quality and market share. To date, the
medical and pharmaceutical industries have been the predominant users of
irradiation technologies to sterilize disposable medical devices. Contract
sterilization companies provide sterilization services to the medical industry and
continue to expand in order to fulfill increasing demands for their services. Non-
sterile, packaged-for-distribution medical devices are delivered to the contract
sterilization company to perform final sterilization of the product. After treatment,
the medical devices are ready for market distribution. This sterilization process
has been successful for the medical industry, but the pasteurization of fresh and
frozen meats will be most effective if performed as soon after kill and cut
operations as possible and at the controlled temperature limitations of the
product. This will ensure product freshness, assure the best post-irradiation
sensory qualities, and achieve the desired extended shelf-life. These objectives
can most effectively be satisfied by integrating electron-beam irradiation
technology into the process at the producer's facility. Integration of irradiation
technology into the process will also minimize expensive and time consuming
product handling and transportation operations.
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Electron-beam systems are highly efficient because the electrons are focused as
a beam on the product as compared to Cobalt-60, which emits gamma rays in all
directions. Hence, greater processing flowrates are compatible with production
rates; and uniform high dose application rates can be achieved; and critical
product temperature limitations can be maintained. Electron-beam systems can
be optimized for treatment of a specific product in case-ready packages.
Variations in electron energy, machine power, conveyor belt speed, one or two
sided treatment allow designs to be integrated into a production line for a wide
range of products.

Electron-beam technology has important advantages when considering its
application for pasteurizing food products. Electron-beam technology provides
irradiation without employing radioisotopes. When the switch is "off' electrons
are no longer produced, eliminating the source of irradiation. Further, since
electron-beam technology does not utilize radioisotopes, it is environmentally
friendly. No toxic or radioactive wastes are generated.

CONCLUSION

Researchers have demonstrated that the irradiation of food is safe, effective in
reducing foodborne pathogens and spoilage micro flora, and results in a product
which exhibits excellent sensory qualities. Government regulations have been
established for the safe utilization of irradiation technologies. Irradiation
technologies have proven their reliability in dozens of commercial applications.
Electron-beam systems are versatile and can be integrated into the process at
the producer's facility. Consumers are willing to purchase irradiated meat and
have, in marketing studies, selected it over the non-irradiated product.

It's time. It's time to give consumers a choice - the choice of a dependable
supply of safer, irradiated meat. Moving forward with irradiation technology will
result in the reduction of foodborne disease and waste. Both are admirable
objectives and worthy of immediate action.
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Spice consumption is increasing world-wide. In 1998, the United States per capita consumption

of spices and herbs increased to 3.6 pounds or 1.64 kilos per person. Total consumption (imports

and domestic production, minus exports) reached a record 968,000,000 pounds (440,000,000

kilos). U.S. 1998 imports totaled 292,700,000 kilos. Major spice supplying countries include

Canada, India, Indonesia, China, Mexico, Guatemala, and Turkey. If the current trend continues,

the U.S. can break the billion pound mark by the beginning of the new millennium.

Along with increased consumption has come heightened concern for spice cleanliness. The

health conscious consumer, tougher environmental regulations, intense competition in the area of

manufactured foods, and a changing global economic structure have led to major changes in the

spice industry and the food industry in general.

The trend in spice usage has gone from a consumer base to an industrial base. Over 60% of the

United States spice usage is industrial/food service (catering). Retail sales account for less than

40%. The trend in Europe is similar. In addition, the clear trend in the industrialized countries is

one of increased legislation and inspection with regard to spice sanitation and contamination. In

the U.S, there is a major emphasis on food safety and the reduction of microorganisms in

imported foods. There are at least two bills pending in the United States Congress to have
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stricter controls on imported products. Spices are present in almost every manufactured food in

the United States. Many of these foods are prone to spoilage from microbiological

contamination. The impact of spices on processed foods is great.

The American Spice Trade Association has been working with major spice and seasoning

companies and with growers in source countries to improve spice quality and cleanliness. New

technologies and practices are evolving regularly in both traditional source countries and most

noticeably, in some of the newer producing areas to help ensure better and cleaner products.

Since spices are an agricultural commodity, and it is not possible to grow a perfect spice, some

contamination often occurs. After many years of testing, irradiation has proven to be an

important means of reducing microbial contamination in spices.

Commercial ionizing radiation treatment of spices has been in place since the mid-1980s. In the

early years, production was low. However, since 1991, the sales of irradiated spices, herbs, and

vegetable seasonings have increased steadily. Approximately 34 million kilos of product were

irradiated in North America in 1997. The poundage for irradiated product for 1998 is estimated

to be about 38.6 million kilos.

Many years of testing have shown that spices, herbs, and vegetable seasonings respond well to

irradiation doses up to 30 kGy. Levels of microorganisms are greatly reduced, and the spice

products retain their sensory qualities. Spices treated with irradiation can be shipped, stored or

eaten immediately after processing. The irradiation process kills harmful bacteria while providing

consumers with a safe wholesome product.
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Table grapes are one of the most important fruits produced and exported by Chile. During
the season 1997-1998 more than 490,000 metric tons of this fruit were produced. The last
season's exportation of grapes meant an approximate income of US$ 604 millions.

The false grape mite, Brevipalpus chilensis, is an specie occasionally found on table grapes,
lemons and kiwis. Since B. chilensis is considered a quarantine pest for the Chilean table
grapes' main market ( USA ), and on the other hand, since the size of this acaride mite
( less than 1 mm ), the fumigation of this product before the exportation is mandatory.
Methyl bromide (CHsBr) is the quarantine treatment most used in Chile for this purpose,
but it will be phase out during next decade under the terms of Montreal Protocol because it
has potential side effects on the atmospheric ozone layer. Due to the reason mention before
it is urgently needed to find a suitable alternative to the use of CHjBr as a fumigant for
Chilean table grapes.

Since some years ago, several potential alternatives are being studied in Chile. At the
beginning of 80's, the Chilean private sector, in collaboration with government institutions
such as Comision Chilena de Energia Nuclear, started the studies on the use of ionizing
radiation as a quarantine treatment Sixteen different fresh fruit species, including 3
varieties of grapes, were studied, using low doses of ionizing radiation, in order to know a
possible effect of the treatment on the commercial quality of these agricultural products. As
a resuh of these studies it was demonstrated that an average dose of 1 kGy do not affect the
commercial quality of tables grapes and most of the other fresh fruits.

At the mean time, several studies have also been done from the 80' s up to now, in order to
know the effect of ionizing radiation on different stages of development of the acaride mite
just mentioned. In the last one of these studies, doses of 0.5, 1.0 and 1.5 kGy were used,
combined with 24 hours precold storage before irradiation and an additional period of 15
days of storage at 0-2 ° C and 90% HR ( to simulate shipping conditions from Chile to
USA ). The doses mentioned were applied on eggs, inmature stages and adults of B
chilensis, mantained on Ligustnun japonicum L. leaves. It was demonstrated that the
irradiated acaride mites were unable to continue their cycle and they would not represent a
risk to countries importing these products from Chile.

The establishment of commercial irradiation plants have also been analyzed for operation in
the three most important Chilean ports from where table grapes are exported. The
irradiation process proved economically feasible as well. At present, the possibility of
building small irradiation facilities next to fruit packing is also being considered.

The Chilean private sectors and governmental institutions are continuously working
together in order to find soon an alternative to the CH3Br treatment and where ionizing
radiation is being seriously analyzed.

In summary, low doses of irradiation seem to be a good quarantine treatment for Chilean
table grapes from the technological an economical point of view. However, the possibility
to apply this technology at commercial scale in the near future will depend not only the
national but also the international efforts such as : the establishment of an accepted
international protocol for the research studies, approval of the technology by government of
the importing countries, consumer acceptance and the feasibility of the other alternative
treatments.
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Aegean Exporters' Union is a semi-governmental organisation working under the direct
supervision of Prime Ministry's Undersecratraiat for Foreign Trade. Aegean Dried Fruits
Exporters' Union is one branch of this Union having 488 members exporting almost twenty
different type of dried fruits (mainly sultanas, dried figs, dried apricots), to about 70 different
countries.

Turkey is the leading country in the world, in production and exports of dried figs, apricots
and raisins.

One of the factor that play an intrumental role in the quality and export volume of these
products is the control of the storage pests especially in the dried figs. Methyl bromide is the
most commonly used fumigation method for the control of these pests. Due to poor
protection of the product during the process and the storage levels, even though the
fumigation process had been applied, it may need the repetation of the whole fumigation
process. This eventually may lead to the residue problem, which constitues a risk factor for
human health.

The results revealed by the researches related to the adverse effects of Methyl-bromide on
human health and enviroment, as well as the improvement in consumer conciousness have
brought the idea of banning the production and the usage of this chemical all over the world
by the year of 2005. Moreover, this has laso directed researhers to focus their studies on new,
more effective and applicable methods. One of the alternative method to the methyl-bromide
application is yrradyatyon. In our country, the study carried up today has been the control of
fig moth, a limited laboratuary study which we have reached positive results.
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PROSPECTS OF RADIATION STERILIZATION OF SHELF-STABLE FOOD

INGRID NINE DE BRUYN
Atomic Energy Corporation of South Africa, PO Box 582, Pretoria, 0001, South Africa

Researchers have been experimenting with the irradiation of foodstuffs for more
than 100 years. During the early 1950's isotope sources became available and research
started in earnest. The US Army Laboratories carried out the groundbreaking research
into irradiation of food at high doses. In September 1997 a Study Group appointed by
WHO concluded that "foods treated with doses greater than 10kGy can be considered
safe and nutritionally adequate when produced under established Good Manufacturing
Practice." This conclusion was based on their evaluation of all available data regarding
the wholesomeness of food irradiated at high dose (Anonymous, 1997).

The basic procedure used to produce irradiated shelf stable products was
developed by the US Army and is summarised in Figure 1.

Cook to attain internal temp of 75°C
(inactivation of enzymes)

Slice or portion if needed

I
Vacuum pack

(multi-layer aluminium foil barrier pouch)

Freeze to -40°C
(cryogenic or mechanical)

Irradiate to minimum dose (45 kGy)
(Temperature between -40°C and -20°C)

FIGURE 1: Irradiation process

The dose required to produce irradiation sterilised products has to be sufficient to
kill off 12 log cycles of Clostridium botulinum, a highly toxic, radiation resistant anaerobic
organism and is determined through inoculation pack studies.

The packaging material must withstand the processing at -40X without
delaminating, cracking, or losing seal strength. It must provide an oxygen and moisture
barrier, be inert to the food in the pouch and protect the food from microbial or other
contamination. Because of potential changes in the material caused by irradiation, the
safety of any material has to be tested before use. Migration of chemicals in the
packaging is affected and harmful volatile decomposition compounds can migrate directly
into the food.

Irradiation leads to a high quality shelf stable product, which cannot easily be
distinguished from a similarly processed equivalent. Because of the process the products
can be served in bulk as whole beef or pork roasts, or in individually portioned servings.
These products have a typically "dry cooked" flavour which cannot be produced by any
other sterilisation process. The process reduces or eliminates the need for chemical
preservatives. The product normally has a higher nutritional value than heat sterilised
food because there is less destruction of vitamins and essential amino acids.
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The radappertisation techniques developed by the USA Army Laboratories were
optimised for South African conditions. In all cases meat with low internal muscle fat is
used and bones, gristle and excess fat is trimmed before cooking. Vacuum packaging is
done in four laminate flexible pouches consisting of Nylon/Foil/Polyester/LLDPE. The
freezing is mechanical and the product freezes down to -40°C in about 8 h. During
irradiation the product is maintained at low temperature by placing dry ice on top of the
product in the irradiation totes. The dose used throughout is a minimum of 45 kGy as
that dose was found to be equivalent to a 12D dose for products without any
preservatives or nitrates.

A number of meat dishes were successfully developed in South Africa: Roast beef
with gravy, Beef steak with tomato, Bacon, Beef curry, Beef stroganoff, Roast pork with
gravy, Chicken curry and Savoury mince with mushrooms. The meat products are of high
quality and have a good taste and texture profile. It was found that starches and
vegetables couldn't successfully be irradiated at high dose.

During 1989 general clearance was obtained from the Department of Health to
supply shelf stable irradiated food to the South African Defence Force (SADF). Between
1989 and 1995 approximately 1.8 million portions were sold to the SADF. Due to the
restructuring in the South African Government and therefore the SADF no contracts are
currently in existence.

During 1992 AEC obtained approval from the South African Department of Health
to sell to outdoor enthusiasts through selected hiking/outdoor shops that act as agents.
Shelf stable meats have been used by thel81 South African Mount Everest expedition,
Cape to Rio international yachtsmen and outdoor adventures such as hiking, river rafting,
pony trekking etc. The product is also used by exploration teams and as an emergency
ration by mining companies.

A commercial firm of market analysts conducted a marketing survey on the attitude
of consumers towards irradiated shelf stable foods. The people attending the session
were selected at random from the general population. Figure 3 showed that 15% of
people initially said that they were likely to buy irradiated food and 65% said that they
were unlikely to. After the consumers were exposed to audio-visual information the
figures changed to 54% for and 29% against buying irradiated food. After audio-visual
information and tasting of the food, 76% said they would buy the product and only 5%
said they would not buy. These results confirm those obtained by various researchers in
the United States (Bruhn, 1995, Pohlman et al, 1994).

High quality shelf stable meat products can be produced using high dose
irradiation. The process parameters have been well defined and coupled to Good
Manufacturing Practices lead to safe, healthy products. These products are well received
by the general public without undue negative reaction to the irradiation process.
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REGULATORY ASPECTS OF FOOD IRRADIATION WITH EMPHASIS IN
THE FRUIT QUARANTINE PROBLEM IN ARGENTINA

N. KAUPERT
Argentine Atomic Energy Commission, Buenos Aires, Argentine Republic.

Since many years ago the international trade of foods is regulated by
countries importation laws. These laws are focused on the fulfilment of specific,
human and ambient, held conditions. For these reasons, the food production needs
the application of good manufacture and conservation practices. Among the food
preservation methods, the irradiation treatment is now included, which in some
cases, considering human health and/or techno-economical reasons, appears as the
unique technique feasible to be applied. In those situations and due to the good
results obtained through this treatment, it is considered as a method that may avoid
the use of chemical agents. Between them those chemical pesticides causing
deleterious effects on the ambient ozone layer. Taking these reasons into account,
the Argentine Alimentary Code introduced a chapter about the irradiation
technology as a feasible food treatment method and also specific articles for the
regulations of the food items in which the technology application is permitted. In
this way it was included the irradiation of tubers and bulbs for sprout inhibition as
well as the treatment for insect control and/or bacterial decontamination in fresh as
well as dried vegetable products. The food irradiation for the insect pests control
in grains; for quarantine treatment of fresh fruits and vegetables, as well as for the
microbiological decontamination of foods from animal origin are not yet included,
but are now in consideration. Moreover, due to the international trade restrictions
or bans actually applied for some chemical pesticides and for those which will
appear in the near future, it could be possible that radiation applications related
with insect control as a post-harvest process may become an approval priority for
the Argentine Alimentary Code Authorities. Considering this situation, the
working group of the Argentine Atomic Energy Commission, in charge of the
development of studies related with food irradiation effects, took this subject as
one of its working activities. In this way, and knowing that the present activity'
should be in agreement with the National Plant Protection Authorities
requirements, a working accord between both institutions is being prepared. The
final document must reflect the fulfilment of all the quarantine requirements in
force by the local authorities and those of the importing countries. The matter that
has not yet been solved is the definition of which will be the final quarantine
condition to be reached after the irradiation treatment is applied. The Argentine
Phytosanitary Authorities opinion is that technologists should develop a simple
and economic test to be applied by the customer controls of the importing
countries in order to demonstrate that fruits are not the medium for spreading
insects pests from one country to the other. In that way they may accept the
criterion of quarantine treatment based on the inability' to perpetuate the pest at a
new location rather than on causing immediate mortality. This is the reason why,
up to the present, the irradiation method for fruits quarantine purposes is not yet
approved in Argentina.

45



Some argentine fruit exports have quarantine problems due to the
infestation with: Ceratitis capitata, Anastrepha fraterculus, Cydia pomonella and
Grapholita molesta. The exported fruits involved in this problems are: apples,

pears, prunes, citrus, peaches, apricots, among others.

Respecting the irradiation of animal origin products the Argentine
Alimentary Code approval is delayed because of an economical and political
exportation reason. Argentine's biggest importation purchaser of this type of
products is the EEC whose legislation does not allow the use of this technology in
meat products for human consumption. In spite of this commercially unfortunate
situation, the Argentine Atomic Energy Commission presented the monographs
involved in the irradiation of eggs, poultry, fish, pork, red meat and their products,
for consideration by the Argentine Alimentary Code Authorities. By means of the
dose applied to the different goods, the irradiation objective can be radurization,
radicidation or radappertization, according to the product and purposes to be
reached in each particular case.

Actually, the Authorities of the Argentine Alimentary Code have notifies
that during the month to come in the present year, the monographs about the
irradiated products opportunely presented for their study will be treated. There
include animal origin products, grains, fruits and fresh vegetables.
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Extended Synopsis

A series of studies were carried out with the objective of improvement of microbiological quality of
conveneience food, spices and chicken meat.

a) convenience food :

A ready to-eat- fish Kebab (convenience food ) was prepared using fish paste , spices , salt and
deep oil frying. The aseptically packaged kebab had a shelf-life of about 3 days at room temperature. This
convenience food item had initially a total bacterial count of 1.2 x 102 /g. (Table-1). Fungi and coliform
were absent. After irradiation at 5 kGy no microorganisms were detected in kebab samples. These greatly
improved the microbial stability of the kebabs. Inoculated pack studies of Clostridium botulinum spores in
the kebabs showed that oil frying in combination with 5 kGy irradiation dose reduced the number of spores
by 4-5 log factors.

Table 1. Total Bacterial Counts (TBC), Total Fungal Counts (TFC) and Total Coliform Counts (TCC) of
non-irradiated and irradiated fish kebabs during storage at room temperature.

Storage
(d)

0

7

21

75

120

180

TBC/g

1.2X102

2.1X106

6.7X108

3.9X109

Spoiled

Spoiled

Non-irradiated
(0 kGy)
TFC/g

0

0

0

0

0

0

Fried kebabs
(moisture content 39.63 %)

TCC/g

0

0

0

0

0

0

TBC/g

0

0

0

0

0

0

Irradiated
(5 kGy)
TFC/g

0

0

0

0

0

0

TCC°

0

0

0

0

0

0

Some local bakery products were collected from markets and investigated for microbiological
qualities and hygienization by irradiation treatment. The results showed that all products tested had high
microbial counts, a few had coliform contamination and a radiation at 2.5-5 .0 kGy significantly reduced the
number of bacteria and eliminated coliforms.
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b) Spices :

Whole and prepackaged ground local varieties of spices which included Coriander , Cumin , Chilli
and Turmeric were found to be heavily contaminated with bacteria and moulds. The total bacterial counts
ranged between 104-10 per gram. Fungal count ranged between 10J-105 per gram. Coliform counts ranged
from 10: -104 per gram. The bacterial contamination mainly consisted of Bacillus sp, Pseudomonas sp,
Streptomyces sp, Serratia sp with Bacillus sp as the predominant bacteria. The fungal contamination
consisted mainly of Aspergillus sp. and Fusarium sp. Other fungal contaminants were Penicillum sp,
Rhizopus sp. Rhizoctonia sp, Trichoderma sp., Cercospora sp and Alternaria sp. The whole spices were
found to be more contaminated than their ground varieties.

A dose of 10 kGy was required to reduce the total bacterial count below detectable levels, while a
dose of only 5 kGy was required to eliminate the fungal contamination. Coliforms were totally eliminated at
a radation dose of 5 kGy. During a 6 months storage at ambient temperatures of irradiated and
unirradiated spices , the irradiated spices were found to retain good microbiological quality.

c) Frozen chicken :

The distribution of total bacteria, total coliform and psychrophilic bacteria, in frozen chicken and
irradiation effect on them were investigated. The total bacteria, total psychrophiles and total coliform counts
were found to be 1.2 x 105 CFU/'g, 1. 1 x 10s CFU/g and 2.0 x 104 CFU/g respectively. The bacteria
isolated and identified from frozen chicken included Escherichia coli, Enterobacter aerogenes, Cirobacter
freundii, Aeromonas hydrophila, Klebsiella spp., Pseudomonas spp., Staphylococcus spp., and Sarcina
spp. The necessary dose for 2 log reduction of the total bacterial and total psychrophiles was 4 kGy. A dose
of 3 kGy was found effective for complete elimination of total coliforms from the sample. The D10 values of
E. coli isolated from frozen chicken in phosphate buffer, nutrient broth and in frozen chieken were 0.1 kGy. 0.13 kGy
and 0.4 kGy respectively.

The results of this studies showed that irradiation can contribute to improve the hygienic qualities
of food by eliminating /reducing pathogenic/spoilage microorganisms.
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TRENDS IN FOOD IRRADIATION IN BRAZIL
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Irradiation can reduce post-harvest losses by killing insect pests in fruit, grains
or spices, reducing food spoilage organisms, inhibiting the sprouting of vegetables
and delaying the ripening of fruits [1]. Irradiation, similar to good storage techniques,
is one facet of good pest management of grains and can be used as treatment for plant
pests of quarantine significance [2].

On the other hand, the World Health Organization recommends food
irradiation as one of the most important methods to fight the increasing trend in the
incidence of foodbome diseases [3] mainly in food products of animal origin. At
present there are worldwide scientific evidence demonstrating radiological,
microbiological and toxicological safety as well as nutritional adequacy of irradiated
foods.

Although there are few no-medical ionizing radiation sources even for
laboratory research installed in the country, Brazil had contributed with important
researches in the field of food irradiation. Studies on the influence of gamma radiation
on pests that infest Brazilian crops, the radiosensitivity of insects feed with irradiated
diets, the shelf life extension of poultry meat, fruit and flowers disinfestation [4][5]
were already performed. In the last years, works on radiation hormesis applied to
onions or potatoes [6] and sensory analysis of irradiated food were also performed.

Using mainly 60Co sources, and in few occasions electron beam irradiation,
research on food irradiation started at the IPEN in 1991. The main subject then was
the development of methods to identify irradiated foods, a new field of study in the
country. According to the changes which occur in the food as a result of irradiation,
chemical, physical or biological methods can be employed to identify irradiated foods

Other researches on the field of food irradiation are being developed like the
study of the radiosensitivity of seafoods and pathogens like V. cholera sp.[12][13],
industrialized chicken egg (liquid and powder) and different kind of Brazilian fruits.

New lines of research are at present being introduced. One is related to
rheological properties of irradiated additives commonly used in food industry. Food
hydrocolloids both from vegetal or animal origin are becoming extremely important
in food technology. The use of irradiation to contribute to the natural aging process of
alcoholic beverages is also being analyzed.

Another new line deals with the development of edible films or coatings. One
of the most useful functions of edible films is their ability to act as barriers, either to
gas, oil, or, more often, water. Moisture levels in foods are critical for maintaining
freshness, controlling microbial growth, and providing mouthfeel and texture. Edible
films can control water activity preventing either moisture loss or uptake.

Brazilian legislation on food irradiation is presently being revised. The decree
establishing general regulations for food irradiation, No. 72.718 of 29th August 1973
was published in the Diario Oficial on 30th August 1973. It was followed by two
Directives from the Ministry of Health: No. 9 of 8th March 1985 and No. 30 of 25th
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September 1989. Since then, no new regulation was become available. A new
approach considering also regulations of the Ministery of Agriculture is being
introducing in accordance with international regulations.

Today there are three commercial facilities for industrial irradiation operating
in the country, two being exclusively dedicated to their own production of medical
sterile disposable. There is only one commercial facility for multipurpose irradiation
services. It irradiates some food products mainly dried foods like spices. Another
three new facilities, now in processing of licensing, are scheduled to initiate their
operation in 1999, when it will be possible to start food irradiation on a commercial
scale. A proper and updated legislation together with an adequate marketing will
permit the development of unlimited industrial application of the radiation technology
on food products with benefits for both the public health and the international trade.
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The decontamination of meat and poultry carcasses can help to reduce human
foodborne infections (Bolder, 1997). The microbiological safety of meat and meat
products has received increased attention from regulators, consumers, researchers,
industry, and the media (Nutsch et al., 1997). Radiation pasteurisation when used in
conjunction with proper food processing and preparation techniques, greatly decreases
the probability that food-borne pathogens associated with meat, poultry, and other
foods will reach consumers (Thayer et al., 1996). The mechanism by which
irradiation destroys microorganisms is initiating a chain of events leading to the
impairment of structural or metabolic functions, such a fragmentation of DNA and the
eventual death of microbial cell (Murano, 1995). In previous experiments with
refrigerated and irradiated ground beef and chicken to determine the quality of some
sensory characteristics no significant differences were founded and on the survival of
spoilage microorganisms, E. coli O 157 H:7 was completely eliminated by irradiation
at 1.5 kGy. A reduction in population with increasing irradiation doses was observed.
Recent problems associated with bovine Escherichia coli O157 H:7 in beef
production have resulted in a lot of pressure on consumers to avoid its consumption.
Food irradiation is an effective process for the decontamination of the final product
(Bolder, 1997). Some author's discuss strategies to inform the consumers about
radiation processing and suggest possible ways of changing consumer attitudes by
education (Bruhn, 1995; Lagunas-Solar, 1995). Although properly irradiated food is
safe and wholesome, consumers should be able to make their own free choice
between irradiated and non-irradiated food. For this purpose labelling is
indispensable. In order to check compliance with existing regulations, detection of
radiation treatment by analysing the food is highly desirable (Delinc6e, 1998). Since
the large molecule of DNA is an easy target for ionizing radiation, changes in DNA
offer potential as a detection method (McMurray et al., 1996). Based on the enormous
potential for meat and meat products irradiation and to ensure free consumer choice,
the DNA fragmentation analysis by a micro gel electrophoresis was used as a
convenient and rapid method for detection of irradiated food in refrigerated and
irradiated ground beef and chicken. Refrigerated meat samples, bovine ground beef
and chicken breast were packed and labelled in plastic bags with packaging date and
each irradiation dose for each sample product. The meat samples were irradiated with
60

Co gamma rays, and the applied radiation doses 0, 1.5, 3.0 and 4.5 kGy. Three
samples of each product were used for each dose and samples were analysed one day
after irradiation. The DNA comet assay was performed as described by Cerda et al.
(1997). The slides were observed in a photomicroscope and documented by
photography. In the analysis of the DNA migration as a rapid identification of the
radiation treatment, non- irradiated samples are recognised by the presence of cells or
nuclei with practically no tail. The majority of the images are of this type (around
90% of the total). The results show that the distance of DNA migration, "comet
length", increases with radiation dose, for all samples. Fig.la shows intact cells from
non-irradiated samples of refrigerated poultry. At the increasing doses of 1.5, 3.0 and
4.5kGy, a "comet" structure appears in the samples (Fig. lb). Analysing non-

51



irradiated ground beef samples, "comets cells" formed by radiation processing were
not observed (Fig. lc). At the highest radiation dose permitted in USA to process
refrigerated meat, 4.5kGy, special types of "comets" were observed (Fig. Id). Using
the microscope at the magnification of lOOx, hundred cells can be screened in a slide
in a short time.

a) b)

c)

Figure 1. DNA comet assay on refrigerated meat samples. Anode to the right; silver
staining; microscope objective x 40. a) Poultry sample non irradiated; b)
poultry sample irradiated with 3.0 kGy; c) Ground beef non irradiated and; d)
Ground beef irradiated with 4.5 kGy (microscope objective x 10).

The DNA comet assay offers considerable promise as a simple low-cost and rapid
screening test for qualitative detection of irradiation treatment of a wide variety of
foods (Cerda et al, 1997). Recent studies from Cerda & Koppen (1998) reported that
using the comet assay the DNA of fresh chicken can be checked, and a general picture
of the bacterial contamination may be obtained, thereby using the assay as a freshness
indicator. The DNA comet assay offers high potential as a rapid screening test for
qualitative detection of irradiation treatment of foods. Micro electrophoresis of single
cells can be used over a wide dose range and for a large variety of products. It is a
simple and rapid test for DNA damage. Suspected samples may subsequently be
analysed by a validated method to specifically prove an irradiation treatment.
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A model is proposed to achieve the minimum gamma irradiation dose
(M.I.D.) required to inhibit microorganisms of sugar cane syrup and juice which is
of the order of 12,67 kGy, according to literature [1] . For a 1 liter sample the
irradiation with 137Cs was modeled. A spherical geometry with irradiation source
positioned at center was investigated in this work. Attenuation was estimated by
means of simplified equation

d)

which includes the distance attenuation and exponential absorption in the sample
and where symbols have their usual notation. Factors of attenuation were
estimated using attenuation constants [2] proving the absorption is very important
within sample. The gamma flux is taken as spherically uniform in order to verify by
carrying out radiation measurements on the spherical surface of recipient with
and without sample.

To model the irradiation facility, radiation measurements were performed
with two 137Cs gamma sources ; Fi of 1jiCi and F2 of 100 mCi, on a Thallium
activated Nal 2" x 2" detector with an expected resolution of about 8 % with a
multichannel analyzer. A Canberra system for pulse height analysis using Genie
2000 Application Software Integrated Acquisition System and Analysis for PC was
used [4]. An experimental arrangement , as shown in Figure 1, was constructed
including detector shield, collimators, aluminum bar guide to fix irradiation positions
and small laser beam to assure F2 position inside of sample recipient.
Measurements confronts the compromise of scaling from Fi - yielding 800 cps on
detector window with a 5.7 % dead time and F2 - emission of 1.18 .105 photons .
cm"2 . s'1 at 50 cm. distance. Photopeak counting at the 662 keV gamma ray
were performed by means of the instrumental analysis on a sum peak area step
function. Optimizing irradiation and measuring conditions a precision better than
12 % was accomplished in all measurements.
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S-GammaSource
D-2"x2"Nal Detector
C-Collimator

To Electronics
Counting

Figure 1 -ASchematicArrangementforirradiationand Counting in
Spherical Geometry

With the intention to reduce the attenuation effect was considered also
irradiation, in the same geometry, the sample agitation which aim is to obtain a
homogeneous mixture. Such a consideration takes into account a rmax and a
rmin in Equation (1), having the (M.I.D.) of 12,67 kGy focus on rmax . Without

sample, l0 was estimated by l0 =

was calculated as

and a average flux in the sample

'MAX

'aver

jl(r)47cr2dr
'MIN

'MAX
(2)

J4ra-2dr

Random agitation is necessary to obtain a homogeneous mixing of the
sample and thereby achieving a uniformity degree required for the irradiation dose
received over the total volume of the sample. The agitation was performed with
simple magnetic agitators on 60 % of all syrup samples. For samples of higher
viscosity more intensive agitation was necessary.

54



It may be observed that equation (1) ignores buildup factor due to multiple
scattering, as an approximation. Estimation of Buildup factor as a function of
gamma energy can be interpolated up to a factor of 2. Calculation by simple
formulation as given by [3] is rather adequate once photopeak counting minimizes
the observed total intensity due to compton scattering. Furthermore, the effect of
buildup factor would also get homogenized under ideal conditions of random
agitation of the sample.

These measurements would be useful in the design of an on-line system for
irradiation of sugar cane syrup and juice on an industrial scale using an adequate
intense radiation source.
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The "Centro de Desenvolvimento de Tecnologia Nuclear - CDTN" is a Nuclear
Technology Development Center located at Belo Horizonte, Minas Gerais, Brazil.
Among others activities, CDTN is working on the promotion of food irradiation at a
national level. For this purpose, a translation was made to Portuguese language of the
ICGFI booklet "Food Irradiation, facts and fiction", and others documents, which are used
in lectures to different kind of people at different places of the country: students,
scientists and entrepreneurs, as an example. Other documents used are the folder "Food
Irradiation", also translated to Portuguese, with the permission of MDS NORDION, and
one single sheet based in the folder "Ten most frequently asked questions about food
irradiation". During these lectures, a certain amount of interested people is invited to
know the better as possible about food irradiation. Lectures given at both the local
Commercial Chamber and at the Minas Gerais State Industry Federation gave to CDTN a
general idea of the local interested entrepreneurs in having a food irradiation plant.
According to this, CDTN has stablished advisory assistance agreement to some of these
entrepreneurs. Three of these are seriously considering the possibility of buying gamma
processors. Namely, STERJON LTD, which pretends to build up an irradiator in the town
of Uberaba, Minas Gerais, started the licensing procedures with Brazilian Nuclear
Commission; CENDEBRAS LTD, which also started the licensing procedures with
Brazilian authorities having the intention to build up an irradiator in Brasilia, the capital
of the country; NACIONAL COMERCIO E EMPREENDIMENTOS LTD, a Company
located at Belo Horizonte, which still making tests on some products to verify the
feasibility of the process for their food products. These tests are being made in Sao Paulo,
at the "Centro de Engenharia Nuclear na Agricultural The CALIMAN LTD, a Company
located in the State of Espirito Santo, which exports papaya to USA, demonstrated
interest in having a gamma irradiator for the application in the process of quarentine
treatment for fruits. This Company is also making some tests on papayas of their own
property, to compare with the current process of quarentine they are using today.
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La deficiencia de hierro es una de las principales causas de anemias nutrícionales
y está motivada porque el individuo no recibe a través de la dieta la cantidad
necesaria del mineral para cubrir sus requerimientos; como bien puede ser el caso
de lactantes, embarazadas, pacientes hospitalizados, etc.

De ahf que, el presente trabajo tenga por objeto el estudiar el empleo de la
energía ionizante como un método de conservación capaz de garantizar la calidad
sanitaria de un suplemento líquido rico en hierro para su uso en grupos
inmunodeprimidos.

Se desarrolló la formulación y tecnología del suplemento líquido, así como se
realizó una caracterización físico-química y microbiológica del producto. Se
realizó un estudio radiobiológico a fin de determinar la dosis adecuada y se
aplicaron test de evaluación sensorial para detectar variaciones por el tratamiento
aplicado. Se detectaron pruebas de aceptación y tolerancia con embarazadas.

Los resultados obtenidos demuestran que una dosis minima de energía ionizante
(1 kGy) garantiza la calidad sanitaria y corrige la deficiencia de hierro en los
pacientes tratados con el suplemento.
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La industria pesquera cubana se caracteriza por la comercialización de especies
de alto valor agregado, tal en el caso del camarón, ostión, ancas de ranas y
pescado seco.

En los tres primeros casos este proceso se ve afectado por la contaminación con
Salmonella y en el pescado seco por el ataque de insectos y acá ros todo lo cual
reduce sensiblemente las posibilidades de buenos precios en el mercado.

La aplicación de una dosis minima de 4 kGy garantiza que las ancas de rana, el
camarón y el ostión estén libres de contaminación mientras que 1 kGy asegura
que el pescado seco esté libre de insectos y ácaros, sin afectarse en ningún caso
las propiedades sensoriales ni físicas de los productos.

En el caso especial del pescado seco la energía ionizante se presenta como una
alternativa factible a la eliminación del bromuro de metilo.

Por este motivo y desde el punto de vista económico el impacto de la energía
ionizante en la industria pesquera cubana posibilita la eliminación de los rechazos
de lotes por contaminación lo que representa más de 260,000 USD/año.
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"USE OF IONIZING RADIATION TO ENSURE HYGIENIC QUALITY OF PORK
MEAT AND SEAFOOD"
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Quito, Ecuador

Whole carcasses of pork infested by Taenia solium were irradiated under gamma
irradiation from cobalt-60, and electron beam from a LINAC - 8 MeV. The irradiation
doses given to samples were 7.0 KGy of Gamma rays, at a dose rate of 1.40 KGy/hour, and
3.0 KGy of electron beam at a dose rate of 1.80 KGy/min. Fifty cysticerci isolated from
each muscle section after gamma irradiation did not evaginate, suggesting that an
irradiation in such conditions is feasible, even at that low dose rate. On the contrary, the
cysticerci isolated from carcasses irradiated with accelerated electrons with a dose of 3.0
KGy, at a dose rate of 1.80 KGy/min, evaginated up to 80%, when they where located at the
interior of thighs, due to the low penetration of beta particles. Metacestodes located close to
carcass surface did also evaginate but they did not develop suction cups. By the results
gotten in this study, it can be concluded that carcasses of pigs infested by Taenia solium,
could be irradiated with gamma rays to prevent the development of the tapeworm in
humans.

The use of electron beam is not suitable to treat infested carcasses, but it is effective
if the infested meat is irradiated in filets or ribbons not thicker than 3 cm. In a separate
study to ensure the hygienic quality of food, we investigate the effectiveness of electron
beam irradiation to disinfect "ceviches", a popular meal, when several samples were
inoculated with pure strains of Vibrio cholerae 01, biotype ElTor and serotype Inaba. The
infected samples were irradiated after the incubation, under electron beam giving a dose of
1.60 KGy at a dose rate of 1.80 KGy/min. From each set of "ceviche" irradiated samples
were taken aliquots to incubate and see the colonies of V. cholerae. Since no one of
samples developed V. cholerae colonies, it was concluded that irradiation of "ceviche"
samples, eventually infected by V. cholerae, could be consumed safely. Sensorial tests
carried out with irradiated pork meat and several kinds of "ceviche" did not show statistical
differences between irradiated and unirradiated samples.
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LIFE OF SOME COLD STORED MEAT PRODUCTS
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The possibility of using gamma irradiation for improving the hygienic
quality and shelf life of some meat products was investigated. Beef luncheon
samples were gamma irradiated at 0, 4, 6, 8, 10 and 12 kGy, while processed
minced beef and fresh beef sausage samples were irradiated at doses of 0, 4, 6and
8 kGy and the effects of irradiation treatments and cold storage (4+1 °C) on the
chemical properties, microbiological quality and sensory properties of meat
products samples were studied. The results indicated that a great reduction,
proportionally to the applied dose, in the total counts of mesophilic bacteria,
psychrophilic bacteria, coliforms, molds and yeasts was observed. Irradiation at 4
kGy dose completely destroyed Staphylococcus aureus presented in all meat
products samples as well as Salmonella presented in sausage, while 6 kGy was
sufficient for elimination of Streptococcus faecalis in all meat products. Neither
gamma irradiation nor cold storage could affect the macronutrients of treated
samples undertaken. Moreover, gamma irradiation had no detectable effects on
the amino acids composition of meat products as well as their pH and contents
from non- protein nitrogen (NPN), free amino nitrogen (FAN) and total volatile
basic nitrogen (TVBN). Cold storage slightly decreased the contents of FAN in
control and 4 kGy irradiated samples, while slightly increased their pH and
TVBN content. The analysis of lipids extracted from irradiated and non-
irradiated samples showed that both irradiation treatments and cold storage
slightly increased the acid value of lipids and markedly increased their peroxide
and thiobarbituric acid values. Meanwhile saponification number and iodine
value did not alter by irradiation and cold storage. Finally, 6 kGy dose was
sufficient for improving the hygienic quality of meat products samples and
tripled the shelf life period of cold stored processed minced beef and sausage,
while 8 kGy increased the shelf life of cold stored luncheon, processed minced
beef and sausage for 3, 4 and 4 weeks, respectively compared to 2, 1 and 1 week
for control samples without any detectable effects on the sensory properties of
meat products samples.
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Rapeseed (Brassica campestris) contains a high concentration of protein with an amino acid
composition compatible with amino acids need of different classes of livestock. As a number of
the family cruciferae, rapeseed contains glucosinolates and isothiocyanate which degraded by
thioglycosidase, myrosinase, (EC 3.2.3.1) to produce thiocyanate that caused biological and
physiological effects in chicks, rats, growing pigs and other animals fed non-processed full-fat
rapeseed or its meal [1].

A number of methods, involving physical, chemical and microbiological treatments, have
been proposed to remove the toxicity from the rapeseed and its meal but the majority of them have
not been completely successful. Therefore, the present studies were undertaken to investigate the
feasibility of radiation detoxification of full-fat rapeseed, as well as, the impact of radiation
detoxification of full-fat rapeseed on the performance of male Albino rats.

Samples of full-fat rapeseed were exposed to gamma irradiation at the National Center for
Radiation Research and Technology, Nasr City, Cairo, Egypt. The facility used was Egypt's Mega
Gamma-I, type J-6500. The applied doses were 20, 50, and 70 kGy.

The 20 kGy degraded 12.5% of the glucosinolates and 15.9% was degraded when seeds
were exposed to 50 kGy, while 20.1% degraded when seeds irradiated at 70 kGy. The changes
have been expressed as percentage of the original content of raw rapeseed (6.378 mg/g sample).
The decrease in glucosinolates of rapeseed followed a linear pattern as a function of radiation
dose.

Body weight of rats fed on control diet had heavier body weight followed in order against
those fed seed irradiated at 70, 50, and 20 kGy and those kept on raw rapeseed. The results
indicate that radiation processing of rapeseed did not fully correct the growth depression in rats.

Feeding rats, for ten weeks, on diets enriched with irradiated rapeseed at 70 kGy had no
significant effect on the accumulative mortality rates compared to those kept on control diets. The
mortality rate was more pronounced in those kept on diet containing raw seeds flowed by that
those kept on rapeseed irradiated at 20 and 50 kGy. The causes of the increased mortality rate
among animals fed raw rapeseed may be due to the presence of glucosinolates and their residues,
at toxic dose, in processed seed at 20 and 50 kGy, that could cause liver enlargement and
haemorrhage.

Raw and irradiated rapeseed at 20 and 50 kGy increased thyroid and liver weights.
Meanwhile, treatment of rapeseed with 70 kGy radiation dose normalized the weights of the
thyroid and liver. On the other hand, feeding rats on raw and irradiated seeds up to 70 kGy, had no
significant effect on weights of kidney, lung, testes, spleen and heart (Table 1).

We assume that the influence of feeding diet containing either raw or irradiated rapeseed at
20 and 50 kGy on the proportional thyroids and liver weights were apparently due to the influence
of the presence of glucosinolates in raw rapeseed and also due to their presence in rapeseed
irradiated up to 70 kGy. The role of the glucosinolatees of the seed has been elucidated elsewhere
[2].

The hematological parameters obtained at the end of the experirr._ntal duration (ten weeks
of age). Compared to group fed on control diet, rats received raw rapeseed in their diet showed a
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reduction in the number of red blood cells (RBC's), white blood cells (WBC's) and had suffered
from a lower hemoglobin concentration (Hb) and a lower packed cells volume value (PCV),
although the hematological indices, mean cell haemoglobin concentration (MCHC), mean cell
volume (MCV) and mean cell haemoglobin (MCH), were statistically unchanged (P>0.05)
compared to control group. Rats fed the diet containing rapeseed irradiated at 20, 50 and 70 kGy
had not suffered from a reduction (P >0.05) in the number of RBC's and WBC's as compared to
those fed control diets.

Data presented in Table (1) show that there is a considerable variation in Hb content
among those kept on rapeseed irradiated at 20 and 50 kGy as compared with group of rats fed
control, irradiated seed at dose level of 70 kGy, for ten week of age. While, there were no
significant differences among those fed rapeseed irradiated at 70 kGy as compared with control
group. Also, similar observations were learned for the PCV value. However, the haematological
indices (MCHC, MCV and MCH), for all groups of rats fed rapeseed irradiated up to 70 kGy, were
unchanged (P>0.05) compared to control group.

This study revealed that rapeseed irradiated up to 70 kGy still contains a significantly high
level of glucosinolates. Subsequently, rapeseed would still require a higher radiation dose in order
to achieve complete destruction of glucosinolates, in view of optimizing the performance of
animals fed such detoxificated seeds. In processed full-fat rapeseed, it is expected that increasing
radiation detoxification doses can enhance protein utilization.

Table (1) Performance of male Albino rats fed control diet and diets containing
raw and irradiated rapeseed for ten weeks of age.

Performance

Body weight (g)
Mortality rate %
Relative orean weieht (s.
Thyroids
Liver •
Kidneys
Lungs
Testis
Spleen
Heart

control diet

198.47'
0.0

lOOg"1)
0.07b

2.69C

0.57a

0.44'
1.19"
0.17"
0.26a

Haematoloeical oarameters
RBC's, 106/ul
WBC's, 103/ul
Hb, g/dl
PVC, %
MCHC, g/dl
MCH, pg
MCV, u3

4.32"
4.46"
12.8a

38.1"
33.9*
30.4'
89.8"

raw

190.9"
50

0.08a

3.54a

0.54a

0.44a

1.24"
0.18a

0.27"

3.64"
3.07"
10.8d

33.3c

32.3a

30.0"
92.6"

Irradiated full-fat

20

169.8'
12.5

0.07a

3.45a

0.52a

0.43a

1.19*
0.17a

0.26a

4.00""
4.10a

11.4°
34.6"°
33.2'
28.6"
87.4"

(kGy)
50

178.9"
12.5

0.08'
3.13"
0.51 '
0.44a

1.19a

0.17a

0.26'

4.06a

4.64'
12.1"
35.6b

33.5 '
30.0'
90.5"

rapeseed

70

185.8C

0.0

0.07'
3.08"
0.48a

0.44 s

1.19'
0.17'
0.26'

4.26*
4.36'
12.7'
37.8'
33.9'
30.0*
90.6*

Mean within the same row with no common superscript differ significantly (P< 0.05).
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ABSTRACT

In attempt to examine the radiation resistance and the antibiotic
resistance of three strains of Bacillus cereus (standard, isolate and mutant
strain) deilibaratry contaminating one type of synthetic media and three
different types of natural media. These strains were exposed to different
doses of gamma radiation, there was a remarkable significant differnce in
radiation resistance between the three strains, the mutant strain is the most
radioresistant and the radiation resistance strain is more higher in growing
on natural media than on synthetic media.

The antibiotic sensitivity of the standard and isolated strains are more
higher after exposure to different doses of gamma radiation and also more
than the antibiotic sensitivity of the mutant strain.
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Using gamma radiation and sodium chloride to prevent aflatoxin
production in peanut and peanut meal to ensure their safety.

Azza, A.M. Shahin and Nagi,H.Aziz.
Department of Microbiology, National Center for Radiation Research

and Technology , Nasr City, Cairo , Egypt.

Prevention of aflatoxin production in peanut and peanut meal by
using gamma radiation and sodium chloride was studied. The counts
of Aspergillus flavus colonies were decreased when irradiation doses
increased ( 1.0 and 2.0 KGY) and at 3.0 Kgy the mould was elminated
. The production of aflatoxin Bi decreased in the irradiated samples.
Samples irradiated at 3.0 kGy were free from mold and subsequently
were aflatoxin free . The irradiated spores of A.flavus were highly
sensitive to Nacl concentrations. The production of aflatxin by
irradiated spores of A.flavus decreased in the presence of different
concentrations of Nacl after 3 weeks incubation at 28 °C compared
with the effect of gamma radiation or sodium chloride alone.
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IDENTIFICATION AND DOSE ASSESSMENT OF IRRADIATED
CUMIN BY ESR TECHNIQUE

A.A. ABDEL-FATTAH
National Center for Radiation Research and Technology.
P.O. Box 29,
Nasr City,
Cairo, Egypt.

Free radicals produced in cumin by 60Co y-rays were measured using electron
paramagnetic resonance spectroscopy. The yield of radicals was found to be
proportional to the absorbed dose. Fig. 1 shows the first-derivative EPR spectra
characteristic of unirradiated and irradiated cumin (measurements were carried out
under the same parameters). It can be seen that cumin before irradiation did not contain
any EPR resonances characteristic of radiation exposure (curve 1, Fig. 1). After
irradiation a triplet of EPR resonance have been measured and its amplitude increases
gradually with the increase of irradiation dose. The EPR triplet can be assigned to a
cellulosic radical [1]. The radiation-induced cellulosic radical in cumin persists over a
long storage period.

Fig. 2-a shows the EPR signal intensity as a function of absorbed dose. The
signal height of the radiation-induced EPR signal increases exponentially with the
increase of absorbed dose where the signal intensity tends to saturate at high doses. This
relation can be described by the following equation:

SD = 78.4 + 39 In D (1)
where So = EPR signal intensity at dose D.

The radiation absorbed dose given to cumin could be estimated by the additive
re-irradiation of cumin samples, followed by the back-extrapolation of the EPR signal-
versus-dose function [2-3]. The data in Fig. 2-b describe the relationship between the
EPR signal intensity S (relative units) and the added absorbed dose D', in kGy, for 1
kGy irradiated cumin. The curve is a computer-generated fit using the function:

SD = 78.4 + 39 ln{D'-D0) (2)
where Do is the original radiation absorbed dose and D' is the added dose.

The stability of the radiation-induced ESR signal of irradiated cumin was studied
over a storage period of 6 months. The additive re-irradiation of some samples was
carried out at different storage times after initial irradiation.
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î- ,-^i^^ 1 1

r

Dose, kGy
1 = 0.0
2 = 1.0
3 = 2.0
4 = 3.0
5 = 4.0
6 = 5.0
7=10.0

f

FIG. 1. The first-derivative EPR spectrum of irradiated cumin to different doses. Doses
are 0, 1, 2, 3, 4, 5, 10 kGy respectively.
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Extensive research activities have been conducted in Egypt during the last thirty years on

the radiation preservation of food with respect to the adaptability of this technology to the local

environment, the optimal radiation doses required for specific changes in organoleptic, physical,

chemical and microbiological properties of irradiated food, the technology of the process and the

identification of irradiated food.

The present study aims to know the opinion and attitude of the consumers as well as to what

extend they accept or refuse food preservation by radiation. Also detect the method that can attract

the consumers to adopt the technique and ensure the success handling of irradiated foods in

markets.

One thousand and twenty two poll sheets were collected. The questionnaire was supported

with simplified information about the use of atomic energy and radiation for peaceful purposes.

From the results, it is clear that 62.43% of the total sample size accepted the irradiation technology.

Persons that convinced with the advantage of using irradiated food reached 70.45%. As to keep on

being applied of the technology, 73.97% of the total samples size agreed. Persons said yes on

irradiated food consumption if it available in the market were 57.53%

From the results of the sensory tests, the panelists (136 persons) failed to indicate any

difference between the irradiated and unirradiated food. About 92.2% of the participated in lunch

table of irradiated food (144 person) claimed that irradiated food was delicious and no differences

between the irradiated and unirradiated samples.

During the market sale, 1000 postcards were issued; 500 for black pepper and the same for broad

bean. For black pepper 185 cards and 160 cards for broad bean were sent back to the Center

(NCRRT). The market test indicated that 95.1 % of the persons who sent their cards consider the

irradiated black pepper at lOkGy of excellent or good quality while the percentage was 81.2% in

' This research has partially funded by the IAEA
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case of broad bean irradiated at 2 kGy. The study also showed that 62.2% of the persons who sent

their cards would buy irradiated black pepper again and 68.8% for irradiated broad bean if they

available in the markets.

The present study showed that the cost of irradiation of one ton of frozen poultry $130.4;

smoked fish $ 78.2; spices $ 260.1 and dried vegetable $ 26. For economic evaluation, the study

indicated that the average rate of return will be about 16.9% annually and the pay back period will

be about 5.9 years.

References

l.Batterson, M.F. (1993): Benefits of irradiation in improving the microbiological safety of foods.

Cost-Benefits aspects of food irradiation processing. IAEA, Vienna, P. 113-123.

2.IAEA (1993): Cost-Benefit aspects of food irradiation processing. STI/PUB/905.

3. Urbain, W .M. (1993): Economic Aspect of food irradiation. Cost- Benefit Aspects of Food

Irradiation Processing. IAEA, Vienna. P. 1-15

71



XA9952773
IAEA-CN-76/16P

DETECTION OF LOW AMOUNT OF IRRADIATED INGREDIENTS IN NON IRRADIATED
PRECOOKED MEALS

E. MARCHIONI and B. NDIAYE
Faculty of Pharmacy, 74 route du Rhin, F-67400 Illkirch-Graffenstaden, France

A.STRASSER
AERIAL, 19 rue de Saint Junien, F-67300 Schiltigheim, France

P. HORVATOVICH
Institute of Preservation and Livestock Products Technology, University of Horticulture and Food
Industry, Menesi ut 45, 1118 Budapest, Hungary.

The majority of the foods irradiated in the world is in fact used as ingredients by the food transformation
industry. The most commonly irradiated foods are the herbs and spices and the mechanically recovered
poultry meat (MRM). After been introduced in weak quantities in a food, their detection becomes
impossible by the commonly used methods of detection of irradiated foods. Indeed, due to the low
inclusion rates, the weak quantities of radiolitic products in the ingredient is hardly diluted in the matrix
of the food and the concentration of these products can then reach values below the limit of detection of
the method of analysis.
When the food contains fatty irradiated ingredients, their detection by the protocol EN 1785 [ 1 ] should be
possible. Nevertheless, the utilization of various aromatic ingredients induces inevitably the presence of
numerous impurities who gives back very difficult the interpretation of the chromatogramms. The
addition of a purification/concentration step on a cation exchanger impregnated with silver ions, following
the method proposed by Hartmann et al. [2] (at the end of the protocol EN 1785 [2]), allows the detection
of both the 2-dodecyl and 2-tetradecylcyclobutanones in industrial precoocked meals containing weak
inclusions (from 8% to 2% m/m) of irradiated fatty ingredients (liquid whole egg, salmon and MRM) in
non irradiated foods (cookies and salmon and poultry meat quenelles).
When these ingredients contain some fragments of bone or some silicate mineral impurities, the analysis
of the meals by the protocols EN 1786 [3] and 1788 [4] should be possible. Nevertheless these silicate
mineral impurities and these bone fragments are not well extracted by these protocols because they are
well mixed with the organic matrix to which they adhere strongly. Owing to the setting up of a powerful
method of enzymatic hydrolysis of the food matrix it is possible to extract, purify and concentrate the
silicate minerals and the bone fragments arising from the utilization respectively of spices and of MRM at
the time of the confection of the precooked meals analyzed. This enzymatic hydrolysis is achieved at
moderate temperature in order to avoid any reduction of the intensity of the signals to detect.
Nevertheless, the quantity of non hydrolysable matter in the complex matrix of the precooked meals don't
allow to get sufficiently pure extracts to be analyzed by electron spin resonance or thermoluminescence. It
is therefore necessary to perform a supplementary stage of purification of the extracts with a high density
aqueous solution of sodium polytungstate (density=2) which allows the recovery of very clean extracts of
silicate minerals (arising from spices) and of bone fragments (arising from MRM). Their analysis by
electron spin resonance [3] or by thermoluminescence [4] allows to detect very weak inclusions of
irradiated MRM and of irradiated spices (0,5% m/m and 0.05% m/m respectively) in quenelles and in
cheeses of industrial manufacture. These two ingredients may also been independently detected and
identified when they are incorporated jointly in a same food. This method of analysis has also been used
for the detection of irradiated fish included in salmon quenelles containing about 10% of 5 kGy irradiated
salmon. In this case, three kinds offish have been used in the recipe of this precooked meal: fresh salmon,
irradiated salmon and hake. The ingredient irradiated salmon was therefore an ingredient which entered in
the composition of the fish ingredient.
It is thanks to the implementation of this new type of method of analysis, more sensitive and selective,
that one could hope to inforce the respect of the internalional rules concerning the labeling, not only for
irradiated foods but also for irradiated ingredients (whatever their percentage of inclusion). It is through
the respect of this regulation that the consumers will take confidence in this technology. It act there of an
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obligatory transition who will allow the free flight of this promising and elegant technique of conservation
of the foods.
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Analysis of quenelles containing 8% m/m of mechanically recovered chicken meat and 1% m/m of black
pepper.
(a): gas chromatogram (single ion monitoring m/z=98) of the extracted 2-alkylcyclobutanones.
(b): ESR spectra of the extracted bones fragment (X and Y are the symetric and the asymetric signals)'.
(c): first and second TL glow curves of the extracted silicate minerals.
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In spite of advances in technologies in food production, developing countries such as Ghana still
face food security problems. Food irradiation technology has been found to contribute effectively
world-wide in solving problems of food security and safety. The food irradiation programme in
Ghana has progressed in the following phases:- (i) laboratory studies (ii) acquisition of irradiator
(iii) pilot scale studies and (iv) transfer of technology. Achievements at these phases and the
overall potential of food irradiation technology in Ghana is outlined in this paper.

Laboratory studies of Food Irradiation commenced in 1970 at the Ghana Atomic Energy
Commission (GAEC) with storage pests research using a Gamma cell 220 60Co source acquired
from AECL, Canada. Decontamination, sprout inhibition and wholesomeness studies were later
undertaken. Effective doses for preservation of major staple foods were determined.

The acquisition of a multi-purpose irradiator was in 1977. This was under an International Atomic
Energy Agency (IAEA) Technical Assistance Project. The irradiator is a wet storage, batch-
operated type with initial cylindrical source loading of 50 kCi which can be upgraded to 500 kCi. It
was designed , built and installed in 1994 by Hungary on behalf of the IAEA. The irradiator which
has a current activity of 25.04 kCi is used mainly for pilot scale studies of food and medical
products. A draft regulation governing irradiated foods was put in place by the Ghana Standards
Board before such studies commenced. This draft later became G.S. 210 in 1997. The pilot scale
studies which are now focused on yam and maize will later cover cowpea, cocoa beans and
processed fish.

In preliminary studies, yam irradiated at doses of 120 - 130 Gy could store for 6 months. In another
study comparing traditional and improved methods of storing irradiated yam, incidence of yam
rotting was low in the improved method. Sprouting was 99 and 79% in the unirradiated tubers as
against 5.6 and 18% in the irradiated ones (Bansa and Appiah, 1995). Test marketing of irradiated
yam proved highly successful. Cost-benefit analyses is on-going. Irradiated maize stored for six
months in a ware- house had no significant changes in the moisture content, free fatty acids and
peroxide value. No difference in taste was observed between irradiated and unirradiated maize
products.(NketsiaTabiri et ah 1999).

As part of the technology transfer programme, yam farmers were invited to observe and participate
in storage and sensory evaluation tests. Storage of irradiated maize is being done in collaboration
with a maize storage company. In addition, an Irradiated Food Fair was held on the 6th August,
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1998 by the Biotechnology and Nuclear Agriculture Research Institute of GAEC as part of the
public education programme.

The potential of food irradiation in Ghana is enormous. Maize accounts for over 50% of the total
agricultural produce in Ghana. Irradiation could be integrated into the storage and marketing
systems of maize to reduce post-harvest losses. The problem of spoilage and sprouting of yam
during storage reduces the quality of the product. Commercial irradiation of yam could ensure
efficient storage of yam. Studies have stabilised irradiation doses for both disintestation and
decontamination, of cocoa (Appiah, 1990). With the acceptance of irradiation by GATT it is
envisaged that irradiated products like cocoa beans will soon enter international trade. In addition,
non-traditional crops such as cashew, fruits, vegetables and spices could benefit from irradiation in
order to met strict quarantine requirements.

Irradiation and test marketing of processed fish will be embarked upon during the year prior to
commercialisation. The irradiation of meats and poultry will be embarked upon in future to
improve their hygienic quality and therefore public health.

With the available trained researchers and on-going public education, the existing potential could
be harnessed if the infrastructural investment is realised. It is hoped that upon completion of cost -
benefit studies entrepreneurs will be ready to adopt the technology.
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1.0 ABSTRACT

A method was assessed which has the potential to detect foods that have been

irradiated. It is based on the comparison of the Aerobic Plate Count (APC) and the count

obtained using the Direct Epifluorescent Filter Technique (DEFT). It is postulated that the

Acndine Orange (AO) differentially stains the cells so that all viable cells fluoresce orange

and non-viable cells fluoresce green. In this investigation all orange fluorescing cells prior to

lrradianon were considered viable. The APC prior to irradiation, correlated well with the

orange fluorescent cells. The post-irradiated APC, however, was markedly lower than a

count obtained by DEFT on the same sample. The difference between the post-irradiated

APC and DEFT counts gave the number of cells made non-viable by the process.

Further to this, die investigation attempted to elucidate a possible explanation for the

continued orange fluorescence of cells that were made non-viable by the irradiation process.

This was based on a comparison between APC and DEFT counts of thermally treated and

irradiated samples. The APC of the heat treated sample was substantially higher than a

DEFT count on a similar sample, as compared with APC of an irradiated sample which was

considerably lower than the DEFT count on the same sample. This supported the findings

of previous research that RNA synthesis therefore was not the rate-limiting step for

recovery.

In addition, the leakage of intracellular components, especially RNA, from

sublethally injured cells as result of damage to the cytoplasmic membrane and loss of

selective permeability was examined. There was some indication of a possible relationship

between leakage of RNA from the heat-treated cells and a subsequent lowering in the

number of orange fluorescing cells. Evidence obtained indicated that for DEFT the

presence of RNA was implicated as the site for the continued orange fluorescence.
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Food production in India has shown a steady increase over the years through the
application of improved farming techniques. However, the country is yet to achieve success in
curtailing the sizeable losses that still occur in the harvested produce before it is consumed. To
reduce post harvest losses and to provide quality products for internal as well as export markets,
reliance on novel post harvest technologies would be required. Food irradiation is one of the safest
and most effective methods of food preservation ever developed. It can be applied where
conventional methods are inadequate or pose potential health risks. It can also be used as a
complimentary process with the existing procedures.

The technology has commercial potential for the conservation of cereals, pulses and their
products, spices, onions, potatoes, garlic, some tropical fruits, sea foods, meat and poultry.
Irradiation can ensure hygienic quality in foods including frozen foods by eliminating food borne
pathogens and parasitic organisms. It offers a viable environment, friendly alternative to chemical
fumigants for quarantine treatment against insect pests in agricultural and horticultural products
entering international trade. The safety and nutritional adequacy of irradiated foods for human
consumption is well established. About 41 countries including India have regulations permitting
irradiation of foods and 28 countries are irradiating foods for processing industries and institutional
catering.

In recognition of this fact, the Ministry of Health & Family Welfare, Government of India,
initially accorded clearance for the treatment of onions, frozen sea foods and spices for export
purposes. Further, the Govt of India by a Gazette notification in August 1994, amended the
Prevention of Food Adulteration (PFA) rules to permit irradiation of onions, potatoes and onions
and spices for internal marketing (Table 1). These developments have opened up numerous
possibilities for expanding trade, both national and international, in safe and high quality food
commodities. This would entail setting up of commercial food irradiation facilities in Indian in public,
private or joint sectors. Enormous interest has been evinced by growers, traders, industry,
exporters and governmental agencies in this technology.

Irradiation processing is a capital intensive operation. It is necessary to build food
irradiation plants with large installed capacity and operate it at as high a throughput as possible to
improve the economies of processing.

As a thumb rule, a high capacity food irradiation plant may cost anywhere between Rs.5 to
8 croe for installation and about V* to 1/3 of the capital cost to operate and maintain it. The actual
cost of irradiation a specific food, however, will depend on a number of factors such as treatment
dose, the volume processed, the capital cost, financing arrangements, labour costs, Cobalt-60 cost
etc. The unit cost of processing, however, decreases with increase in plant-size and throughput. It
may be seen that the cost of processing is reasonable for large scale irradiation and compares
favourably with the cost of other food processing techniques such as vapour heat treatment, high
temperature pasteurization, freezing, canning and repeated fumigation treatments.

The economic liberalization, the emergence of European Economic Community, changes
in the Patent Act, adoption of GATT facilitating export and trade in agriculture commodities and the
likely ban on methyl bromide for fumigation by 2000 AD, by Western countries are likely to add
more changes and opportunities for the growth of the technology in country.

Besides, the process and technology for food irradiation are really available indigenously.
The BARC, BRIT, DAE and other national laboratories in India, through their concerted effort
during the last 25 years, have developed the process and technology for a number of food items. In
addition, the economics of the process is now better understood under Indian situation through
installation and operation of large commercial irradiation facilities in Mumbai, Delhi and Bangalore
for medical products sterilisation.

The first demonstration plant for radiation processing of spices with an initial throughput of
20 tonne/day is expected to be operational soon in Navi Mumbai. This plant is set up by the Board
of Radiation and Isotope Technology (BRIT, a constituent unit of Department of Atomic Energy.
Work on POTON the demonstration facility irradiator (Figure 1) designed by BARC for the
treatment of potatoes and onions with a processing capacity of 10 tonne/hr has commenced in
Lasalgaon, Nashik district, Maharashtra and this plant will become operational in 20 to 24 months.
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Evidently, the technology, the resource, the environment are readily available for
successful implementation of food irradiation commercialization programme in India. There exists a
strong need to do marketing of technology, to establish a dialogue with the industry, farmers, co-
operatives, corporations, consumer bodies and others to generate an integrated approach to
achieve the purpose "Irradiation is a safe and conscientious approach to food safety that we cannot
ignore". Legislation and procedures required for establishing a commercial food irradiation facilities
in the country have been finalized.

Table 1. Clearances for irradiated foods

Food Item

Onions

Potatoes

Shallots (Small onions) garlic, ginger

Rice, semolina (sooji or rawa),
atta (wheat flour) and maida
(refined wheat flour)

Raisins, dried figs and dates

Mango

Spices

Meat and meat products including
chicken

Irradiation dse (kGy)

Minimum

0.03

0.06

0.03

0.25

0.25

0.25

6.0

2.5

Maximum

0.09

0.15

0.15

1.0

0.75

0.75

14.0

4.0

Purpose

Sprout inhibition

Sprout inhibition

Sprout inhibition

Insect dinsinfestation

Insect disinfestation

Shelf-life extension and
quarantine treatment for
export trade

Microbial decontamination

Shelf-life extension and
pathogen control

Note: Clearances for radiation processing
pulses and their products such as besan
approval is expected shortly.

of fresh sea foods, frozen sea foods, dried sea foods,
are under consideration of Government of India and

FMd mwvyor

Figure 1. Proposed Poton Irradialor (poticws and onions).
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CONSUMER RESPONSE TO IRRADIATED FOODS IN INDIA

S.A.Marathe, M.D.Pednekar, V.S.Rao & Paul Thomas
Food Technology Division

Bhabha Atomic Research Centre
Mumbai-400085, INDIA

Consumer acceptance is a major factor in commercialization of irradiation technology. In India, presently
thirteen food items are cleared and soon will be marketed (1). Before marketing the irradiated food to gauge the
response of consumers and to remove the misconceptions if any. a survey was conducted in India. Extensive
market trials as well as consumer surveys have demonstrated that consumers are receptive towards irradiated
food (2). In Bangladesh irradiated potatoes and onions were sold in the market on a trial basis. It is reported that
70-90% consumers preferred irradiated potatoes and onions (3). A review on consumer attitudes and market
response to irradiated food has shown clearly, although consumers express concern about food irradiation, when
presented with correct information, acceptance is improved (4).

To evaluate the public perception on irradiated foods in India, a questionnaire was prepared. The target groups
of consumers were contacted in various scientific seminars and BARC staff canteens, covering a wide spectrum
of urban consumers. A total of 1572 consumers participated in these trials. They were served snack items such
as 'vadas' and 'bhajias' made from irradiated potatoes (0.1 kGy) and onion (0.06 kGy) respectively. After
tasting the snacks, consumers were requested to fill up the questionnaire. Apart from the personal data, they
were asked whether they knew about food irradiation before, whether they liked the food, would they eat/buy
irradiated food in future and other remarks, if any. Data collected was analyzed statistically using Chi-square
analysis. In the consumer survey, male-female ratio was 64:36 percent. Age-wise percentage distribution of
consumers was as follows: Below 20 years of age - 10; 20-30 years - 30; 30-40 years - 17; 41-50 years - 20.5
and above 50 years - 22.5. An overwhelming majority, 91.6% of the participants liked the food items, while
3.2% did not like the items, 5.2% were undecided (Figure 1). About 76.9% consumers had heard about food
irradiation before tasting the food and 78.4% consumers showed willingness to buy or eat irradiated food in
future. Percentage acceptance of irradiated food in case of males and females is shown in Figure 2. Statistical
analysis showed that there was no significant difference in acceptance of irradiated food due to sex. Age-wise
consumer response when analyzed statistically revealed that only in age group below 20 years of age the
acceptance of irradiated foods was negatively significant, when compared with other age groups. Whereas, in
rest of the age groups there was no significant difference in the acceptance of irradiated foods (Figure 3).

It was observed that a majority of urban consumers have an open mind to food irradiation technology. A small
percentage of consumers was apprehensive about any technology including food irradiation. From the general
comments made by the consumers, it appears that they were concerned about safety, cost, nutritional value, and
quality of irradiated foods. Providing factual information about the benefits of radiation processing of foods in
terms of improved shelf life, quality, toxicological safety and nutritional adequacy may lead to increased
consumers' confidence. Studies are to be undertaken to judge the consumer response at rural level in India,
which is comprised of major portion of consumers.

Acknowledgements: The co-operation given by Dr. A S. Kamal Dr. S. G. Shirsat and Mr. M. Y. Parab for
collection of data and canteen staff for preparation of snacks is sincerely acknowledged.

References

1. Paul Thomas (1998). Food Irradiation Scenario in India. NAARRI Bulletin special issue vol. XIX (1)
Feb. 4-6.

2. Abt. Associates Inc. Food Industry and Agribusiness Consulting Practice (1996). Trends in
the United States, Consumer attitudes and the super market. Food Marketing Institutes,
Washington, D.C.

3. Matin, M. A and Bhuiya, A (1990). Test marketing and consumers' acceptability of irradiated foods in
Bangladesh. FAO/IAEA Food Irradiation Newsletter, May 1990.

4. Bruhn.C.M. (1995) Consumer attitudes and market response to irradiated food. Journal of
Food Protection 58,175-181.

79
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LOW-DOSE IRRADIATION AS A MEASURE TO ENSURE
MICROBIOLOGICAL SAFETY OF SOME INDIAN FOODS

Anu Kamat, Kiran Pradhan and Paul Thomas
Food Technology Division, B.A.R.C Mumbai 40008G, India.

Food Irradiation technology for highly perishable food is generally aimed either
at elimination of spoilage bacteria to attain extension of shelf life or at control of food
bome pathogens to get safe food for customers. This report Invlucjea results of the
studies carried out to develop radicidation process to control newly known pathogens
like Usteria monocytogenes and Yersinia enterocolitiQa infoods of both animal and
plant orgin.

Cells of L.monocytogen&s ATCC 35152 showed 0.5 kGy D10 values In chicken
minced meat homogenates at both 0—5°C and -40'C. Studies on irradiation( 1, 2,
*/tBn t,rzvy nf artifiHaiu/ innrulatoH hnn«lAss chicken mBat with the cells at low (5x103

d d f 3 kG f
. . vy artifiHai/ innrulatoH hnn«lAss chicken mBat with the cells at low (5x10

cfu/gm) and high (5x10 cfu/gm) counts suggested the need for a dose of 3 kGy for
elimination of 103cfu cells/gm from air - packed frozen chicken meat. The efficacy of
the radiation process was validated by the absence of L.monocyiogenes during
storage at 2-4 C in irradiated samples for 15 days (1).

The overall response of both Lmonocytogenes and L innocua to heat, gamma
radiation, lactic acid and sodium nitrite treatments generally employed in the meal
Industry, was compaiable suggesting the possible use of L innocua In lieu of
L.monocytogenes for the safe evaluation of processes used in meal industry to control
potentially hazardous L.monocytoge>n&s (2).

The D10 of Yersinis entervGO/ilica in homogenatee of raw pork/salami was
observed to be 0.25 kGy at both 0nC and —40°C. Storage studies of packs, inoculated
with heavy inoculum (108 cfu/ym) showed that while samples of salami and cooked
ham could be decontaminated at doses of 4 and 3 kGy respectively; cells could not be
eliminated from raw pork meat even at the higher dose of © kGy. The role of different
treatments given prior to irradiation for revival of Y.enterocolitica after irradiation
storage was aisu studied. The dose of 1 kGy at - 40°C was efficient in eradicating low
numbers (<10s) of naturally occurring V. entemcolitice from raw pork meat without any
revival during storage at 2-4°C for 15 days (3).
ine presence of Listona, Yorsmta, Dacillua core-ua, coiirorm3 and StaphyloGocuc aurous;
but absence of Salmonella (4). Psychrotrophic pathogens such as, L.monocytogBnes,
Y.enterocolitica and Escherivhia wli respectively showed Dio. values of 0.36, 0.15 and
0.2 In Ice-cream at -72°C revealing the efficacy of low dose (1/2 kGy). gamma
Irradiation in eliminating them. Sensory evaluation by a 15 member panel
demonstrated that at biyhei lliau 2 kGy dose, radiation induced off odor and after taste
feeling were evident in vanilla ice-cream; .but 1 kGy dose was sufficient to eliminate
most of the naturally occurring pathogens without affecting the sensory attnbutos of the
ice-cream.

POOR QUALITY
ORIGINAL
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Table 1. Overall percentage acceptability of Irradiated ice-cream

Flavor

Vanilla
Strawberry"
Chocolate

• % Acceptability after Irradiation dose (kOy)
Control

100
91.6
91.9

1
51

60.4
63.6

2
33.2
45
60

3
2142

25
45

5
7
9

5 Point scale was used for sensory rating and rating of ̂ 3 points was
considered as accepted. 5 point scale represent:
5 Excellent 4 Good 3 Fair 2 Poor 1 Inedible

* Percentage values represent the average of three independent experiments.
" Discoloration and decrease in flavor was evident in strawberry ice-cream as

irradiation dose increase beyond 2 kGy.

Survey of 118 samples of 11 different fresh vegetables from local market
revealed the presence of fecal coliforms(65%),L/steria and Yersinia (100%). However
L.monocytogenes was delected onlv in,lQma£Q»« ~t*A.~~rr>:. A'JU'V 77!'-'o'" a ' L
nnri ,__. . _ , , cuiu ^auoage (^5%). Gamma irradiation (1kGy) at 0 C could
effectively decontaminate coriander and tomatoes and make these produce
microbiologically safe.
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DEVELOPMENT OF SHELF-STABLE POODS THROUGH IRRADIATION
PROCESSING: FISH AND CHTCKEN PEPES #)

1VLMAHA, ZJRAWATI, NANSORL C M . NURCAHYA, and FJVNAS
Centre for Application of Isotopes and Radiation, National Nuclear Energy Agency,
Jakarta, Indonesia.

A method for making various types irradiated shelf-stable ethnic foods using
radiation sterilization technique was successfully developed. The development of safe
shelf-stable food is necessary to reduce dependence on refrigeration facility during
storage, marketing, and distribution of perishable food products which is relatively-
very costly for developing countries. Sterile shelf-stable food is urgently needed for
hospital patients treated in sterile condition, in addition to various outdoor use, sach
as for pilgrimate, hiking, camping, boating, and emergency packs.

Traditionally, both fish and chicken pepes are prepared by mixing them with
spices mixture, wrapped in banana leaf and thoicooked until well-done. The storage
period of these products usually not more that a week at room temperature Seasoning
used in different purpose may differ in composition, but usually it contain candlenut or
shredded coconut As moisture content of the products are high, i.e., around 60%, mis
product spals very fast at room temperature. A previous study conducted at the Centre
indicated that gold-fish pepes irradiated at 9.5 kGy can be stored for more than 15
days at room temperatare (1). This technique' was then improved by the following
research using better condition. Irradiation in vacuum pack at cryogenic temperature
using sterilization dose to produce shelf-stable foods had also been developed •>
successfully by several investigators (2).

Fish and chicken pepes were prepared after some modification of traditional
way, packed individually vacuum in Al-foil laminate pouch, and freezed at -13°C
over night prior to irradiation with a dose of D mia 45 kGy at -?9°C. Quality
evaluation was done regularly after 2 month-storage using the following parameters :
organoleptic atributes (colour/appearance, odour, taste and texture), moisture content,
total protein content, fat content, and pH for samples stored at room temperature (26-
30sC, 80-90% RH) Sterility test was carried out on the samples before and afler
storage. Microbiological assessments were done tn each step of the process to
determine load of the fish and chicken meat, tap water and the ground seasoning.

Results of microbial load of tap water, seasoning, fish and chicken meat at
each step of processing before radiation sterilization are presented in Table 1. It
shows that al] materials used contain microbes in the order of lCT-lO* cfu/g. Washing
with lemon + salt for fish, and well * cooked in spices mixture of chicken can reduce
microbial contamination. Fish presure-cooked for 45 min and chicken processed in
spices mixture and steam- pressed cooked still contain microbes, i.e^ spore-forming
bacillus in order of I02 cfu/g. This is the reason why this products deteriorate very
fast
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Table 1. Microbiai load of tap water, seasoning. fish ""^ rhick*n men* at mcb step of
processing.

Sample Total plate counts (cfii/g) •)

3.00 x
3.95 x
2.07 x
2.68 x

1.40 x

102

W
10*
Iff"

103

U2xlO4

3.90 x
3.57 x
1.95 x

10*
10'
102

Tap water (not potable)
Ground seasoning
Fish after washing with tap water
Chiken meat after washing with tap water
Fish after washing with lemon + salt followed
by tap water
Fish after marinating in seasoning for two hrs
Chicken meat after soaking in seasoning for two hrs.
Fish pepes after cooking for 45 mm.
Chicken meat after cooking then stored at freeze temp

*) Note : Average of two replications

Organoleptic scores of radiatioo-sterilization fish and chicken pepes using
hedonic scale show that the effect of storage time up to 18 months offish pepes and
after 6 months of chicken pepes (die following sensory quality during storage of
chicken pepes is still underway),, were very small on the sensory quality The panelists
were still give preferable score for all orgaooteptic parameters up to 18 months for
fish pepes were about 4.0 (very good), and for 6 months for chicken pepes were also
similar.The pH, moisture content, fat content, and protein content of the radiation
sterilized fish pepes and chicken pepes were relatively stable during storage. It
indicates that deterioration did cot occur. Results of sterility test conducted
periodically indicated that samples were sterile and no swelling was found in the
stored samples.
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THE ISOLATION OF SALMONELLA ON FRESH MEAT AND BOWEL AND
ITS DECONTAMINATION BY USING GAMMA IRRADIATION
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Salmonella is one of the most important food born pathogen around the world.
The contamination of food especially those of animal origin with Salmonella is
significant health problems and important cause of human suffering globally. The
reported incidence of Salmonella infections in many countries has increased
substantially. The economic impact of loss of productivity and cost of medical
treatment is considerable.

Many species and strains of Salmonella which are pathogenic to human, need
to be isolated and identified accurately. The procedures for isolation and identification
of Salmonella generally establihed after have been collaborated testing and many have
international recognition.The isolation and identification of Salmonella in food,
usually rely on preenrichment, selective enrichment in selective and differential
media, biochemical tests, and serological confirmation.

Irradiation can be an effective step in Hazard Analysis Critical Control Point
(HACCP) program to kill bacteria pathogen associated with meats and poultry. Food
irradiation is now recognized as another method of food preservation and ensuring its
wholesomeness by sterilization or cold pasteurization, and its has diverse
application.The safety of food is increased by virtue of destruction of microbial
pathogens, many of which can be eliminated totally from fresh product by irradiation
at 1.5 kGy. However, irradiation needs to be applied at a specific time in order to
minimize losses due to susceptibility to microbial attack during storage (Monika and
Fung, 1995). Specifically, Thayer (1995) also reported that the population of most
common enteric pathogens associated with meat products can be significantly
decreased or eliminated by low dose (<3.0 kGy) treatment with irradiation.

In Indonesia, approval for irradiation for frozen shrimp and frog leg has been
given at the level up to 7 kGy, no approval given for other food of animal origin such
as chicken, beef and pork meat as of this writing. More studies need to be conducted
to support the decision to approve the use of irradiation for such meats.

This paper discusses the experiments conducted in order to isolate Salmonella
on chicken, beef, pork meat and bowel and to determine its decontamination dose by
using gamma irradiation. As occured in many other countries, in Indonesia chicken,
beef, pork meats and bowel are reported to be the major food vechicle associate with
Salmonella infections. The results of this experiments are expected to contribute
significantly to the approval of irradiation for decontaminated of microbial pathogen
on fresh meat.

Salmonella were isolated from chicken, beef and pork meat and bowel
obtained from traditional markets and supermarkets in Jakarta and surroundings areas.
The isolates found were tested using microbiological and biochemical methods
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followed by serological test to determine their serotypes. Isolates were inoculated into
chicken, beef, pork meat and bowel (which have been irradiated at 10 kGy) and
irradiated at 0,1,2,3,4,5,6,7 kGy with dose rate of 6 kGy/h in ice condition (0°C) and
with dose rate 7.6 kGy/h in dry ice condition (-79 °C). The source of gamma
irradiation used was 60 Co in Latex Irradiator, at CRDIRT, NNAE.

There were 9 serotypes of Salmonella found in the chiken meat and bowel
samples, namely S. agona, S.hadar, S. kentucky, S.typhimurium, S. schwarzengrundS.
ouakam, S. blockley, and S. enteritidis, respectively. The Dio values of Salmonella in
chicken meat were varied from 0,515 to 1.038 kGy at 0°C and 0.781 to 1.919 kGy at
-79 °C (see table 1). The strain of Salmonella isolated from beef samples were
S.ouakam, and S. ]aviana, and the Dio values were 0.475 and 0.575 respevtively at 0°
C and 1.400 and 0.950 kGy, respectively at -79°C (see table 2). While the strains of
Salmonella isolated from pork meat was S. agona and S. anatum was found on the
intestine. It was found that the Dio value of 5". agona was 0.600 kGy at 0° C and
0.750 kGy at -79° C . The Dio of S. anatum was 0.450 kGy at 0°C and 0.550 kGy at -
79 °C, respectively (see table 3).

The results of these experiment as described above revealed that Salmonella
were found in all kinds of meat samples. The sanitation of the places (farm, slaughter
house, slaughter equipment, market, etc.) where the meats were obtained was
significantly influence the level of Salmonella contamination.In general, the level of
Salmonella contamination from traditional market was higher than on the meats
sample obtained from supermarket. The number of Salmonella serotype found in
chicken meat was higher than in beef, pork and bowel. Even S. typhimurium which is
the most consistent pathogenic bacteria was found in chicken meat. The result of these
experiment also revealed that low dose irradiation (below 3 kGy) provides effective
measure to eliminate Salmonella from the meats sample. The irradiation sensitivity of
Salmonella was also influenced by the kind of meat and meat temperature when
irradiation was conducted.The Dio value for S. agona and 5". anatum irradiated on
chicken meat was higher than when irradiated in pork meat, both at 0° and -79 °C.
All serotypes were more sensitive when irradiated 0 ° C compare when irradiated at -
79 °C.
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Table 1. Dio value of Salmonella in chiken meat and bowel

Serotypes

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

S. kentucky (74)
S. anatum (5)

Substrate

meat
meat

S. schwarzengrund (4) meat
S. agona (3)

S.typhimurium (1)
S.Wodtfey(3)
S.ouakam (2)
S.e«rm"<#s(l)

Table 2. The Dio value

1.

2

Serotype

S.oukam(U9)

S. javiana (1/2)

Table 3.The DIO value

Serotype

1.
2.

S. agona (6)
S. anatum (1)

meat
meat
meat

intestine
liver

heart

of Salmonella in beef

Substrate

meat

meat

of Salmonella in pork

Substrate

meat
instentine

Dio
Radiation

0°C

0.515
0.759
0.688
0.850
0.950

1.038
0,800

0.825
0.925

Dio

(kGy)
Temperatture

-79 °C

0.898
1.416
1.310
1.919
0.781
1.327

0.600
0.750

0.975

(kGy)
Radiation temperature
O°C

0.475

0.575

-79 °C

1.400

0.950

meat and bowel

D10 (kGy)
Radiation Temperature
0°

0.600
0.450

-79°C

0.750
0.550
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DIFFERENTIATION BETWEEN GAMMA - IRRADIATED AND NON
IRRADIATED DATES
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Center, Iraqi Atomic Energy Commission P.O. Box 765 Baghdad - Iraq

The use of gamma irradiation as a commercial method for the preservation of
dates calls for method of differentiation between irradiated and non irradiated dates.

A new method has been applied recently in our laboratory to distinguish
irradiated from non irradiated dates. The method depends on viscosity and color of
dates extract as markers. A considerable increase or decrease in color and viscosity
was found in the irradiated dates when compared with the control.

Zahdi curtivar was used in our study in fully matured stage. Doses of 0.50,
0.75, 1.00 and 1.50 KGy were delivered using gamma cell 220 Atomic Energy of
Canada Ltd. at dose rate of 0.0943 KGy/min. A diagram illustrating the process of
sugar extraction from date and the type of measurements of each stage is shown in
figl.

Destoned
date

Blending with
HjO at 85 c°

Filterafcon at
15-40 u

1

Clear extract

Fiber paste

Centiifugatdon at
14000 rpm for

20 min

lOOr
4—

nl

stage 3
•color

Evaporation
to 25 ml —

Fitterdon and
evaporation of ethanol add

HjO • 200 ml
•4-

Diluted sugar
Extract

stage 1
-color
-Viscosity

<

Fiheration at

5-15 ]x,Evaporation

to 200 ml

stage 2
-Viscosity 1100 ml

Refluxing with
Ethanol 250 ml

stage S stage 4
-Viscosity -color

Fig 1. A diagram illustrating the process of sugar extraction from date

Color of the sugar extract was measured using ICUMSA Unit according to the
method of Radio [1]. Hand refractometer was used to measure the concentration
(Brix) of the soluble solid material at 20C. and a U-tube viscometer
(Pouften self & Lee) was used for measuring the viscosity of the sugar extract. Results
were analysed statisticary according to Steel [2].
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The results in table 1 showed that viscosity values at (stage 3) can be used as a
good marker to distinguish between the irradiated and unirradiated dates. This
phenomenon has also been observed with irradiated ginger, black and white pepper [3]
as the irradiated samples shows lower viscosity than unirradiated one. Color values of
the sugar extract (stage 4) can also be used as a good marker. A significant increase
(p < 0.05) in color values at this stage were observed between treated and untreated
samples, differences is noticable together with a linear relationship between the
observed dose (0.50 -1.50 KGy). Our results also showed a significant increase in the
viscosity values between the treated and the untreated samples (stage 5), this
phenomenon has been reported also by Bogl [3] as the irradiated onions, lemon peel,
mustered seed, celery and shallots show increased viscosities as compared to untreated
samples.

In conclusion the method used in our studies appearaed to be suitable to
distinguish between irradiated and non irradiated date. Further developments are
needed for this method to increase its accuracy and reliability in measuring the actual
dose used in the treatment.

Table 1. Differences in color and viscosities of sugar extract obtained from irradiated
and unirradiated Zahdi date

Treatments

KGy

Control

0.50

0.75

1.00

1.50

stage 1

color

1CUMSA

8874 •'

8303*

8426*

8436b

8476 b

viscosity

1.277 >

1.230"

1.233*

1.258*

1.397'

stage 2

viscosity

1.326'

1.387*

1 308*

1.050'

1.020*

stage 3

color

ICUMSA

8 70*

S.SO*

8.40*

10.00'

10.50 *

viscosity

1.875 *

1.387V

1.316*

1.230 *

1.054*

stage 4

color

ICUMSA

2046"

2152 *<

2310*

2645 '

2712'

stage5

viscosity

5.605'

7.201 *

7.348*

7.880'

7.914*

similar letters (No significant differences)
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COST ANALYSIS OF AN ECONOMIC COMMERCIAL IRRADIATOR FOR LOW DOSES
APPLICATION IN FOOD IRRADIATION

DELIO BARALDI
National Agency for Energy Environment and Innovation (ENEA) Rome, Italy

The MDS Nordion panoramic Gammabeam 127,currently loaded with 30.000 Ci
of Cobalt 60, might be used as a commercial irradiator in countries producing consistent
amount of garlic such as Italy, Spain, Grece etc. Garlic needs only 0.1 kGy (10 krad) for
sprouting inhibition. The panoramic irradiator is a dry storage type irradiation facility
where the cobalt source is directely stored in the transport container.By modifying the
source rack design is possible to encrease the capacity up to 60.000 Ci. The source is
rised in the irradiation position by a source hoisting mechanism. Around the source are
located up to 12 turntables for an optimal dose distribution into the irradiated products.
The Gammabeam includes, transport container (type F127), turntables, source hoisting
mechanism,control system (PLC control cabinet), monitoring system, safety system
interloks. In this cost analysis we have evaluated the possibility to use in Italy such an
irradiator to treat commercially relevant amount of garlic for sprouting inhibition. Italy
produce approximately 70.000 tons/year of garlic both in the northern as in the southern
part of the country. Major production areas are: Emilia Romagna, Abruzzo, Campania,
Sicilia. Garlic preservation around the year is usually done by refrigeration at 2 °C. This
method is expensive and shows the disadvantage that garlic start sprouting and loosing
aroma immediately after exit from refrigeration cell. By using radiation the quality of
garlic might be improved because sprouting is totally inhibited. We have considered
that an economic irradiator could be afforded by local traders : they could pay for the
irradiation service around 12-15 U.S.$ cents/kg. Assuming 12 turntables intalled
around the source ( l m distance from source central axis), and assuming to load about
75 kg (sacs or boxes) of garlic on each turntables, the following parametes are
applicable:

exposure dose at 1 m 0.32 kGy/h
Dose max absorbed by the product 0.12 kGy
Dose min absorbed by the product 0.08 kGy
overdose ratio in (Dmax/Dmin) 1.5
irradiation time 22 min
loading/unloading time 8 min
daily troughput (24 h operating time/day) 43.2 tons
irradiation period (mid august-mid november) 100 days

During the remaining 200 days the Gammabeam 127 could irradiate also spices or other
powdered dry product for pharmaceutical/food industries, as experimental bacthes. Being the
delivered dose in this case too high(5-10 kGy) for commercial application using Gammabeam 127
,in our calculation these applications were not included.
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CAPITAL INVESTMENT

We estimate that the total investment, including land, equipment, bunker, office,
laboratory,utilities, cobalt-60 source (36.000 Ci),miscellaneous and contingencies amount to
approximately 900.000 U.S. $

Land 60.000
Equipment (gammabeam 127) 550.000
Bunker, lab, office 250.000
Miscell. & Contingencies 60.000

Total investment 920.000 U.S.S

ANNUAL OPERATING COST

In the annual operating cost we have considered an operating time of 100 days for garlic
irradiation with 3 labour shift ( seasonal workers ).These 6 workers are in the payroll only for 100
days/year.

-salaries
. 6 workers (loading/unloading) 40.000
Tech. Director (allyear round) 60.000
-source replinishment (15%) 15.000
-Maintenance, Spares, administration,overheads 75.000
-interest on investment (3%) 27.000
-depreciation on equipment 60.000

TOTAL COSTS 277.000 U.S.S

ANNUAL REVENUES

If the plant irradiate 4320 tons/year of garlic and the charges are 12.2 U.S.S cents/kg , the annual
revenues are 527.000 U.S.$/year.

ANNUAL SURPLUS
The annual surplus is therefore calculated in 250.000 U.S.S/ year.

RETURN ON INVESTMENT
Payback period : 3.6 years
Return on investment: 28%

We have also calculated the revenues, surplus and return on investment in case of charging 13
cents/kg, 14 cents/kg and 15 cents/kg.
TABLE 1

Cents/kg annual revenues annual surplus pay back return on
period investment

13 561.000$ 284.000$ 3.1 year 32%
14 604.000$ 327.000$ 2.7 year 39%
15 648.000$ 371.000$ 2.4 year 42%
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Highly Sensitive Radfochromic Dye Systems
for Food Irradiation

NLMontani
The Japan Atomic Power Company
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Food irradiation is expected to play a ^igpifirant role to ensure the
quality and safety of our food supplies in the near future. In order to assure
the process of food irradiation, it is necessary to optimize the irradiation
doses for various treatments depending on food items (Le^ meat, fruit,
dietary cereals, etc.), and the precise monitoring of the irradiation doses
has become more important.

Although radiochroinic dye films have been one of the useful
tools for food irradiation dosimetry, the ^rî tiwg commercial films are
mostly designed for high dose ranges for bactericidal treatments and could
not be applicable properly to low-dose irradiations for insect dismfestation,
sprout inhibition, control of ripening, etc. This paper describes the
development of highly sensitive radiochroinic dye systems to low dose
ranges less than 0.5kGy.

Two highly sensitive radiochroinic dye systems, triarylmethane
system and diphenyliodonium system, have been developed for gamma-ray
and electron-beam doshnetry.
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TriaryltnetaaBe system is a halogeaated organic solution conlaroing
efean&j and develops a blue color by fee canonization of txiaryiiaetiiaas wife

irradiation. DiphenyEodoniiim' system is an alcohol solution containing
dipteayiiodonlam (as an acid-fomier) and fractional dye, and develops isd, violet and
green color wife irradiation fay c&angiag t ie type of fijactional dyes, l i te fife
containing the triaiylmetliaiie system has been, processed by microcapsuie technique,
and the diphenyliodoniuxa system Isas bees solidified by mixiag witii paiaffin.

The response of these radiodHomic dye systems m tenas of tbs> inCTease of
oplical deasity is lisear wife lacxeasiag desses, aad fee mkiimimi doses to develop a
recognizabie color are aboat 0.1M5y for triaryimetliaiie .sysfceaj (microcapsuie film)
aad O.GSkGy for dipbeayliodoaiam system {paraffin solidificatioa), lespectiveiy
;(Fig.l). Hie seasitmty of these systems to gamma-inadiadoa Is several tmnored tiiaes
Mgher than that of esistiiig ladiocaroiaic dye Sims. Use seuslfeity of these systssss
are adjaslable for fee vaiioas purpose of low-dose irradiatioas by changing l ie
composition of solvents and seasltizfag ageats ap to 2kGy.

Triaryimetfaane system (miOTOcapsule film)

system (Paraffin solidification)
. 60Gy

a-ray irradiation
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Improvement of Beef Quality and Processing Property by Gamma Irradiation

Myung-Woo Byun*, Ju-Woon Lee, Hong-Sun Yook and Kyong-Haeng Lee
Team for Radiation Food science & Biotechnology, Korea Atomic Energy Research Institute, Korea.

To study effect of gamma irradiation on meat quality and processing properties, this
research was conducted with an evaluation of the affect on the tenderness of irradiated beef
and on the rate of glycolysis of rigor onset beef, and structural modification of irradiated meat
proteins and the manufacture of low salty emulsion-type sausage using gamma irradiation on
the basis of data on the modification. Morphological properties and the shortening of rigor
mortis were observed in the low dose (3 and 5 kGy) gamma-irradiated beef during post
mortem. The length of Z-line was shortened, sarcomere length was maintained, and M-line
and A- and I-bands disappeared on gamma-irradiated muscle. During the storage period, the
destruction of the bundle showed in gamma-irradiated muscle faster than in a non-irradiated
beef depending on the irradiation dose. The time that elapsed until maximum shear force
values were obtained was shortened by gamma irradiation and the releases of rigor mortis
started earlier than in non-irradiated beef, depending upon the dose (Table 1).

Table 1. The changes of shear-force values (kgf/cm2) in post-mortem beef
by gamma irradiation during storage at 4°C.

Timea -

1
3
6
12
24

0

20.82 (+
23.06 (+
25.22 (+
32.06 (+

0.89)
0.94)

.0.82)
0.94)

Irradiated dose (kGy)
3

19.32 (+0.93)b

22.71 (+1.01)
24.45 (+ 0.95)
27.29 (+ 0.94)
29.33 (+0.87)

5

23.59 (+
25.51 (+
28.42 (+
27.28 (+

0.86)
0.88)
0.97)
0.87)

2 Time indicates the hour lapsed after slaughtering.
b This value is shear-force value of muscle immediately before irradiation.

The rapid decrease of pH and disappearance of ATP and adenosine diphosphate were
observed, and breakdown products (inosine monophosphate and hyphoxanthine) of adenosine
phosphates were also generated more rapidly than in the non-irradiated beef. During the tests
of immunoassay and solution turbidity and surface hydrophobicity in the gamma-irradiated
bovine myosin solution, conformational changes of the protein were observed. ELISA showed
that myosin molecules were structurally modified with different patterns by gamma irradition.
Three antibodies against myosin subfragments showed different binding abilities in the
gamma irradiated myosin solution. The myosin solution became more and more turbid by the
increase of dose and rapid increases of optical density of the solution appeared at low
wavelengths of 300 nm below. The increase in hydrophobicity was dependent upon irradiation
treatment rather than upon dose. Electrophoretic patterns showed that the major band

Table. 2. Muscle protein solubility (MPS, mg/ml), relative fluorescence
intensity (RFI) and thiobarbituric acid (TBA) values of beef homogenates
prepared with 80% irradiated beef, 20% iced water and 1.5% NaCl

MPS

RFI

TBA

3.58

2.14

0.91

0

+ 0

+ 0
+ 0

.23

.14

.06

3

3

1

Irradiated

1

.74 +

.68 +

.06 +

0.35

0.13

0.05

dose

4.

5.

1.

(kGy)

3

02 + 0.27

38 + 0.17

14 + 0.17

4.15

5.58

1.28

5

+ 0

+ 0

+ o

.25

.21

.08
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(220,000 Dalton) disappeared and new bands were generated at higher molecular weight
ranges. Meat protein solubility and the hydrophobicity of gamma-irradiated beef increased
depending on the irradiation dose. On the basis of the above data on the protein modification
and increase of protein solubility (Table 2), the effect of gamma irradiation in the manufacture
of emulsion-type sausage, bologna with low salt and an extended shelf life was studied. The
purge loss of homogenate with beef (80%) gamma-irradiated at 0, 1, 3, or 5 kGy, and water
(20%) was the lowest at 3 kGy with NaCl of 1.5%. Bologna sausages were manufactured with
3 kGy-irradiated beef, NaCl of 1.0 or 1.2%, and tripolyphosphate (phosphate) of 0.2 or 0.3%,
then evaluated based on the following list: sensory and textural evaluation, cooking yield,
lipid oxidation, and microbiological determination. Compared with standard bologna made
from non-irradiated beef, with NaCl of 1.5% and phosphate of 0.3%, no significant
differences appeared in the sensory and textural evaluations of all treats, and desirable results
could be obtained in bologna sausage with NaCl of 1.2% and phosphate of 0.2% (Table 3).
Most contaminated bacteria were killed by 3 kGy-irradiation, and no colony formations were
observed on plates inoculated from the bologna with NaCl and phosphate of 1.2 and 0.2 or
0.3%, respectively, until after a 30 day storage. Bologna sausage can be manufactured with
desirable flavor, a reduction of NaCl and phosphate, and extended shelf life using gamma
irradiation on the raw meat.

Table 3. Evaluation of color, texture and palatability of bologna sausages manufactured with beef irradiated
at 3 kGy and different sodium salts contents

Color value

Texture

Palatability"

Lightness
Redness
Yellowness
Hardness (kgf)
Fructurability (cm)
Elasticity (ratio)
Cohesiveness (kgf)
Break force (kgf)
Saltiness
Flavor
Off flavor

Cooking Yield (%)'

Standard*

68.34
12.13
7.62
17.64
8.15
8.66
6.19
5.12

4.58A

4.27A

1.26A

96.82

0.2c

67.28
11.62
7.28

17.63
7.84
8.17
5.32
4.67
3.34B

3.02B

2.35B

95.42

Concentration
1.0"

0.3
67.48
11.61
7.31

17.72
8.02
8.42
5.56
4.89
3.41B

3.16B

2.27B

96.83

of salts (°/

0.2
68.53
12.01
7.65

17.05
8.11
8.31
5.95
4.86
3.64B

4.15A

1.35A

96.55

'»)
1.2

0.3
67.11
11.18
6.97

17.14
8.05
8.54
5.86
5.01
3.89B

4.21A

1.36A

96.79
standard is manufactured with non-irradiated beef, 1.5% NaCl and 0.3% phosphate, b and c indicate
contents of NaCl and phosphate, respectively, d, palatability indicates 1 (very weak) to 5 (very strong)
scored from panel tests, and the results were recognized at differences between A and B by statistical
evaluation, e, cooking yield is the rate of weight of bologna sausage after cooking and cooling after
cooking.
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Effects of Ascorbyl Palmitate on the Gamma Irradiation Induced Oxidation of Oils

Myung-Woo Byun*. Kyong-Haeng Lee, Hong-Sun Yook and Ju-Woon Lee

Team for Radiation Food Science & Biotechnology, Korea Atomic Energy Research Institute, Korea.

Effects of 0, 250, 500 and 1000 ppm (wt/vol) ascorbyl palmitate(AP) on the gamma irradiation
induced oxidation of soybean oil, cotton seed oil, corn oil, tallow, lard or linoleic acid either in a solvent
mixture (benzene:methanol, 4:1, vol/vol) or in methanol, were studied immediately after gamma
irradiation with the dose of 1-5 kGy (Table 1). Difference of oxidation rates of oils was correlated with
degree of unsaturation. Gamma ray greatly increased the oxidation of oils in a solvent mixture as was
expected. However, addition of either AP or a-tocopherol greatly decreased the gamma irradiation
induced oxidation of oils. As the concentration of AP increased, the reduction of peroxide formation in
soybean oil increased. Duncan's multiple range tests showed that the peroxide values of samples treated
with AP were significantly lower than the control (no AP added) after gamma irradiation (p<0.05). AP
was much more effective than a-tocopherol. The peroxide value of oils in the presence of 1000 ppm a-
tocopherol after 5 kGy gamma irradiation showed significantly lower activity than 1000 ppm AP
(p<0.05).

Table 1. Effects of 0, 250, 5000, 1000 ppm (wt/vol) ascorbyl palmitate (AP) and 1000 ppm (wt/vol) a-
tocopherol (Toe) on 0-5 kGy gamma irradiation induced oxidation of oilsa (meq/kg oil)

. Treatment
(ppm)

Control
250

„ . .. AP 500
Soybean oil iQQQ

Toe 1000

Control
250

Cotton seed AP 500
oil 1000

Toe 1000

Control
250

„ .. AP 500
Comm] IOOO

Toe 1000

Control
250

AP 500
a o w IOOO

Toe 1000

Control
250

AP 500
1000

Toe 1000

Control

Linolric 2 5 0
L i n 0 l ? 1 C AP 500

acid
 IOOO

Toe 1000

0
0.00

0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00

1

11.25'
9.00'
7.34'

5.40'
10.40'

11.40'
8.20'
6.00'
4.80'
8.80'

12.40'
11.43'
9.86'
7.42'

10.60'

13.70'
7.70'
6.60'
4.60'
7.00'

27.00'
11.00'
8.42'
4.00'
4.76'

8.60'
8.14'
7.16'
4.20'
5.80"

Gamma irradiation

2

33.45'
16.74'

11.43'

6.76"
16.37'

70.48'
17.43'
11.52"
7.48'

12.76"

60.42'
21.64'
18.75"
15.00'
15.54'

18.43'
13.43'
10.51'
7.06"

11.43'

42.64'
21.46'
16.59'
6.74'

10.23"

18.43'
14.43'
13.42'
7.64"

11.05'

dose (kGy)
3

64.20'

25.00"
20.20"

12.40'
22.20"

134.00'
28.40'
20.60"
16.60'
21.60"

115.20'
44.38'
32.00'
20.60"
24.00"

25.75'
21.00"
16.00'
12.00"
16.60'

51.001

32.90'
23.80'

9.80s

18.64"

31.40'
23.20"
19.23'
13.20'
17.20"

5
125.75'
52.60"

39.00"
32.60'

45.00'

207.50'
103.00'
46.60'
29.50"
44.85'

203.20'
82.36'
60.40'
34.00e

41.20"

42.42*
39.20'
33.00'
28.00"
31.84'

77.10'
61.60'
50.60'
20.00'
32.67"

50.40'
37.60'
30.70'
23.75C

28.26"
a Means within each column with the different subscript letters are significantly different atp<0,05.
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Since it was found that AP decreased the gamma irradiation induced oxidation of oils, steady-state
kinetic approximation was used to determine a quenching mechanism and quenching rate constant of AP
on the gamma irradiation induced oxidation of purified soybean oil in a solvent mixture
(benzene.methanol, 4:1, vol/vol). The plot of [oxidized soybean oil]"1 vs. [purified soybean oil]"1 for
different levels of AP is shown in Fig. 1. The intercepts were the same for different levels of AP, but the
slopes of the plots increased as the concentration of AP increased from 0 to 2.5 x 10"3M, which meant
that AP quenched oxygen only to reduce the gamma irradiation induced oxidation of oils. That is, AP
reduced gamma irradiation induced oxidation of oils by the oxygen quenching mechanism.

The ratios of the slope/intercept of the plots containing 0, 0.75xl0"\ 1.5xl0"3 and 2.5xl0"3 M AP were
calculated from Fig. 1 and were 0.165, 0.293, 0.367, 0.449 respectively. To determine the oxygen
quenching rate of AP, the slope/intercept vs. [AP] was plotted and the plot is shown in Fig. 2. The linear
regression equation of the plot/intercept vs. [AP] of Fig. 2 was Y = 1.11 x 102 X + 0.187 and the
correlation coefficient (r) was 0.983. The decaying rate of oxygen value in a solvent mixture
(benzenermethanol, 4:1, vol/vol) is 1.2 X 105 sec"1 in previous report. Because the oxidation rate of
soybean oil is decaying rate of oxygen/slope, then oxidation rate = 1.2 x 105/0.1773 = 6.77 x 105 M'1 sec"'
in a solvent mixture (methanol:benzene, 1:4, vol/vol). The value of oxygen quenching rate constant of
AP is slope X oxidation rate. Because the slope of the plot for AP (Fig. 1) was 1.11 x 102 and oxidation
rate was 6.77 x 105M"'sec"', the total quenching rate constant was 1.11 x 10:X 6.77 x 105 M"1 sec"1 = 7.51
x lO'M-'sec"1.

That is, AP, which had a stronger oxygen quenching ability, also had a stronger antioxidative activity in
gamma irradiation induced oxidation of oil than did I-tocopherol. It is expected that AP, which is almost
colorless, might be applied to oils and oil-containing foods for the prevention of gamma irradiation
induced oxidation in various oils, oil soluble vitamins (retinyl palmitate, tocopherols and carotenoids),
other oil-soluble components (cholesterol, limonene, conjugated terpenes and etc.) and high fat food.

Fig. 1. Effects of ascorbyl palmitate (AP) on the
peroxide formation of purified soybean oil in a
solvent mixture (benzene:methanol, 4:1, vol/vol)
during 1hr storage under 3 kGy gamma ray.

Ascorbyl paimitate (X 10'° M)

Fig. 2. The plot of slope/intercept of the plots
(1/peroxide vs. 1/soybean oil shown in (Fig. 1)
vs. the concentration of ascorbyl palmitate.
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Changes of consumer attitude toward the irradiated food through education

Cherl-Ho Lee and Hyun-Duck Lee
Center for Advanced Food Science and Technology (CAFST), Graduate School of Biotechnology,

Korea University, Seoul, 136-701, Korea

The outcome of consumer education on food irradiation was monitored by the changes in the
attitude toward irradiated foods. Consumers participating in the National seminar, "The
Acceptance and Trading on Irradiated Foods," organized in conjunction with FAO/IAEA/ICGFI
Regional (RCA) Workshop in April 1998, Seoul were asked for their perception on irradiated
foods, and was compared to those who never had such education before. The content of the
questionnaire composed was in relation consumer attitude on safety and acceptance on different
types of foods irradiated. A total of 98 participants to the education seminar and 229 non-
educated subjects were surveyed. Demographic characteristics were also investigated. Changes
in the consumer attitude on irradiated foods by education in Korea can be summarized as
follows;

After the education process, the consumer concerns on hazard of bacterial contamination,
pesticides contamination and unhygienic treatment of foods increased, while that of food
irradiation decreased remarkably. The concern of Korean consumers on potential health hazard
of irradiated foods was the same level as bacterial contamination and pesticide contamination
when they were not specifically educated for food irradiation (Table 1). When they were
educated, the extreme concern on irradiated foods diminished significantly.

The main reason for the concern on irradiated foods was the formation of radiolytic products
of the treated foods. Over 89% of non-educated respondents answered the meaning of irradiated
foods correctly, while for educated respondents, almost 100% of them understood correctly the
meaning of irradiated foods. 79.8% of non-educated respondents had negative concern about
irradiated foods. On the other hand, ratio of negative concern about irradiated foods decreased
remarkably for educated consumers. (Table 2) Education was effective in promoting the
acceptance of consumers on irradiated food and the interests of purchasing and consuming the
products. (Table 3) Foods required for irradiation were pork, beef and poultry in both non-
educated and educated consumers. Non-educated consumers find Consumer Protective
Organization and educated consumer find KFDA (Korea Food and Drug Administration) are
the most credible organization in legitimate allowance on safety.

Table 1. Concern on potential hazard in foods by the consumers in Korea.

Concern

Bacteria

Pesticides

Unhygienic
treatment
Irradiation

Without

Very
worried

49.8

47.1

55.2

47.0

education(%)

Moderate

47.4

48.8

41.3

40.9

Not
worried

2.7

7.0

3.5

12.1

With

Very
worried

60.0

46.1

65.6

13.2

education(%)

Moderate

37.7

50.7

32.2

63.5

Not
worried

2.3

3.2

2.2

23.3
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Table 2. Concern on the quality of irradiated foods of the consumer with and without
education.

Concern

On quality

On freshness

On price

Without education(%)

Very

29.0

26.2

6.5

Slight

51.7

43.2

33.3

No
Concern
16.9

27.6

30.9

No
idea
2.4

3.0

26.8

With

Very

8.9

14.6

11.1

education(%)

Slight

42.3

58.8

40.8

No
concern
46.8

58.8

40.8

No
idea
2.0

1.0

16.2

Table 3. Acceptance on irradiated foods of the consumer with and without education.

Acceptance

Safety

Willing to buy

Ver>

2.6

3.3

Without education(%)

Moderate

33.8

24.7

Slight

52.3

24.7

No

11.4

28.2

Very

18.9

13.7

With education(%)

Moderate

54.9

41.6

Slight

25.0

4.8

No

1.2

18.1

Consumer awareness of irradiation increased through education. Concerns about irradiated
food of most consumers appeared to be derived from the association of irradiation with
radioactivity. So it is necessary to reassure them on the safety and effectiveness of any new
process or technology in relation to irradiation. Because the lay out of information on food
processing technologies in particular irradiation is vague to consumers, it is necessary to
provide facts to reinforce positive views and reassure those with doubt.
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Quantitative Analysis of Radiation-Induced 2-Alkylcy clobutanones
in Irradiated Beef, Pork and Chicken

Kyong-Su Kim*, Eun-Ah Kim

Department of Food and Nutrition, Chosun University, Kwangju, Korea

2-Alkykyclobutanones formed by the loss of an electron from the oxygen of carbonyl gToup contain the
same number of carbon atoms as the parent fatty acids. A method to detect radiation-induced 2-
alkylcyclobutanones consists of the extraction of fat from beef, pork and chicken, separation of 2-
alkylcyclobutanones with a florisil column and identification of GC/MS methods. When the major fatty
acid in beef, pork and chicken are irradiated, 2-dodecylcyclobutanone, 2-tetradecylcyclobutanone and 2-
(5'-tetradecenyl)cyclobutanone are formed from palmitic, stearic and oleic acid, respectively.
The results of quantitative analysis of radiation-induced 2-alkylcyclobutanones in beef, pork and chicken

were the same as in Fig. 1. Fig. 2 shows chromatogram of radiation-induced 2-alkylcyclobutanones in 10
kGy irradiated beef, pork and chicken. 2-Alkylcyclobutanones were not found in unirradiated beef, pork
and chicken. Concentrations of radiation-induced 2-alkylcyclobutanones were different individually at the
same dose level. 2-Dodecylcyclobutanone was detected at the same level up to 5 kGy in beef and chicken
but it was found in a large amount at 10 kGy in chicken as compared to beef and pork. The amount of 2-
tetradecylcyclobutanone was similar up to 5 kGy in beef, pork and chicken but that of 2-
terradecylcyclobutanone was high at 10 kGy in beef. Because of the small amount of stearic acid in beef,
pork and chicken, the amount of 2-tetradecylcyclobutanone was small among radiation-induced 2-
alkylcyclobutanones.

The amounts of 2-dodecylcyclobutanone and 2-tetradecylcyclobutanone were not found in a ratio
similar to those of the parent fatty acids of irradiated beef and pork. Concentration of 2-
dodecylcyclobutanone was lower than that of 2-tetradecylcyclobutanone at doses of 1 and 3 kGy but the
amount of 2-dodecylcyclobutanone was higher at 5 kGy or high.

0 1 2

3.0 - 2-Tetradecylcyclobutanone

0 1 2 4 5 6 7

Dose (kGy)

9 1 2-(S'-Tetradecenyl)cyclobutanone *
8 J Beef ^
7 1
6 \

5 -i

1 4 -
3 •

2 •

0 I 2 3 4 S 6 7 8 9 10

Dose (kGy)

Fig. 1. Concentration of radiation-induced 2-alkylcyclobutanones in irradiated beef, pork and chicken.

101



2-(5 '-Tetradecenyl)cyclobutanone was also detected at the same level up to 5 kGy in beef and chicken
but it was found in a large amount at 10 kGy in beef. The compound was the highest amount in irradiated
beef, pork and chicken due to the large amount of oleic acid. Concentrations of the produced 2-
alkylcyclobutanones tended to increase linearly with the dose levels of irradiation in beef, pork and
chicken. Radiation-induced 2-alkylcyclobutanones in irradiated beef, pork and chicken were remarkably
detected at lkGy and over. Further works in several different types of foods is currently in progress to
btain a more complete quantitative and statistical data.

1IC 15028090
(Al

2-(5'-Tetiada-enyl)

cvclobutanone

2-Dodecyl

cyclobiUanone

LJ
2-Tetradecyl

cvclobutanone

10 15 20 30 35

TIC

2-Dodecy!
cvclobutanone

UL

150635
(13)

2-(5'-Tetradecenyl)

cyclobmanone

2-Tetradecyi

cyclobumnone

JLJUI

10 20 30 35

11C

2-Dodecy]

cvclobutanone

2-(5'-Terradecenyl

nclobutanone

(C)

2-Tetradecyl

cvclobutanone

5032:31

10 15 20 25 30

Fig. 2. Chromatogram of radiation-induced 2-alkylcyclobutanones in lOkGy irradiated beef(A), pork(B)
and chicken(C).
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Safety of the Gamma-irradiated Korean Medicinal Plants in the Genotoxicity Test

Sung-Kee Jo*, Young-Beob Yu, Hae-Ran Park, Youn-Gil Kwak and Myung-Woo Byun

Team for Radiation Food Science & Biotechnology, Korea Atomic Energy Research Institute, Korea

Four Korean medicinal plants - Red Ginseng, Curcuma longa Linne, Paeonia japonica Miyabe, Scutellaria
baikalensis George - irradiated with gamma rays were tested for their possible genotoxicity. Water extracts of
the plants were examined in two short-term in vitro tests: (1) Salmonella typhimurium reversion assay (Ames
test) in strains TA 98, TA 100 and TA 102, (2) Micronucleus test in cultured Chinese hamster ovary (CHO)
cells.

In salmonella reversion assay'", the revertant colony formation by water-extracts of the irradiated plants was
examined in triplicate at 5 dosages below 50% cell-growth inhibition. The number of revertant colonies of each
strain in the test group did not increase compared with the negative control group, and the pattern of colony
formation was similar to that of the non-irradiated sample. The increase in colony formation by the irradiated
sample was not approved in both the direct non-activated and indirect activated tests (Table 1 shows the result
of Korean Red Ginseng.). From these results, an direct or indirect mutagen might be not formed in the four
Korean medicinal plants by gamma-irradiation of 10 kGy. In earlier studies, van Kooij et. al.a) did not find a
significant increase in mutation between irradiated and non-irradiated fresh vegetables. Hattori et. al.(3) and
Farkas et. a/.(4) also obtained the same results.

Table 1. Revertant colonies in the S. typhimurium reversion assay with water-extract of y-irradiated Korean Red
Ginseng

Test

Material

H?O
Ginseng

NPD
Na-Azid

MMC

H2O
H2O

Ginseng

2-AF

IRl

-
-
-
-
-
-

+
-r

+
+

-

-

-

-
-
-
-
-
-
-
+
+
+
+
+

-

S9
Mix

-
-
-
-
-
-
-

-
-
-

-

-

-

-
+
+

+
+
+
+
+
+
+
+
+
+

Dose

(mg/plate)

0
0.3
1.0
3.0
10.0
30.0
0.3
1.0
3.0
10.0
30.0

20 ug/ plate
1.5 |ag/ plate
0.5 |ig/ plate

0
0

0.3
1.0
3.0
10.0
30.0
0.3
1.0
3.0
10.0
30.0

10ug/plate

Number of revertant colonies(His+

TA98

30 ± 2
26=1
34 = 2
33 ± 2
33 ±3
43 ± 3
28 ±8
32 ±2
30 = 7
37 ± 7
36 ± 2

3513 ±123

31± 1
34 ±1
33 ± 2
31±2
35 ± 2
41 ±4
4 4 ± 2
36±4
36 ±4
36 ± 1
40 ± 1
43 ±0

1471=38

TA100

200 = 20
211 = 16
194=15
198=11
215 = 34
254= 19
192=13
210±17
190 ±10
222 ±17
254 ±13

1307=45

211± 13
196±15
191 db 16
196± 19
202 ± 19
199 ± 16
223 ±12
201 ± 14
211 ± 21
206 ±12
205 ±10
209 ± 17
583 ±35

) per plate

TA102

359 = 21
366 ±18
378 ± 24
387 ±19
321 ±18
352± 18
382 ±24
391 ±16
375 ±17
382 ± 25
312±17

4354± 118

322 ± 17
412 ±22
408 ±13
405 ± 22
432 ±18
410± l l
385 ±31
425 ±14
439 ±19
400 ± 26
432 ±14
415 ± 15
564 ±14

Irradiation (10 KGy of Co-60 gamma-ray) was treated to the medicinal plant before extraction. NPD (4-nitro-o-
phenylenediamine), Na-Azide (sodium azide), MMC (mitomycin C) and 2-AF (2-aminofluorene) were used as positive
controls for the corresponding strains. Values represent mean±S.D. of revertant colonies per plate in triplicate experiments.
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In the CHO cell culture, the induction of micronuclei by water extract of the irradiated plants was examined
by the cytokinesis-block method'51 at dosages below 50% cell-growth inhibition. The frequency of micronuclei
in the test group was not significantly different from the negative control group, and similar to that of the non-
irradiated sample in both the direct non-activated and indirect activated tests(Table 2 shows the result of Korean
Red Ginseng.). From these results, aberration in the nuclear division of the cell might be not induced by the
extracts of the irradiated plants.

In the two assays, no mutagenicity was detected with or without metabolic activation. These results
suggested that the safety of the Korean medicinal plants irradiated with gamma rays at practical doses could be
revealed in further tests of genotoxicity in vivo, chronic and reproductive toxicity.

Table 2. Frequency of micronuclei(MN) in cytokinesis-blocked CHO cells following treatment with water extract of
y-irradiated Korean Red Ginseng

Test

Material

H2O
Ginseng

MMC

H?O

Ginseng

B()P
DMSO

IRl

Dose
(kGy)

-
0
0
0
5
5
5
10
10
10
-

-
0
0
0
5
5
5
10
10
10
-
-

S9

Mix

-
-
-
-
-
-
-
-
-
-
-

+

+
+
+

+
+
+

+
+
-r

+
+

Dose

(mg/ml)

-
5
2.5
1.25
5
2.5
1.25
5
2.5
1.25

0.1 ug/ml

-
5
2.5
1.25
5
2.5
1.25
5
2.5
1.25
0.02
-

No.

0

2,937
2,919
2.926
2,919
2,919
2,925
2,920
2,924
2,922
2,924
2,698

2,930
2,925
2,919
2,924
2,925
2,929
2,921
2,920
2,923
2,923
2,634
2,925

ofCB

1

60
78
69
79
77
73
76
75
73
73

266

66
67
75
71
68
64
75
75
75
73

324
70

cells

2

3
3
5
2
4
2
4
1
5
3

30

4
8
6
5
•7

7
4
5
2
4
35
5

with n MN2

3 4

-
-
-
-
-
-
-

-
-
5 1

-
-
-
-
-

-
-
-
-
6 1
-

Total

No. of
MN

66
84
79
83
85
77
84
77
83
79
345

74
83
87
81
82
78
83
85
79
81

415
80

MN/1000 cells3

(Mean+S.D)

22.0 ±5.7
28.0 + 3.1
26.3±4.0
27.7± 3.7
28.3+2.5
25.7+2.9
28.0±4.0
25.7+3.2
27.7±3.8
26.3+3.9

115.0±12.6

24.7+4.1
27.7±3.7
29.0±3.8
27.0+3.5
27.3±3.2
26.0+ 3.4
27.7+2.9
28.3±4.5
26.3± 3.3
27.0+2.8

138.3±19.4
26.7+4.6

1 Irradiation (Co-60 gamma ray) was treated to the medicinal plants before extraction.
- Total number of cytokinesis-blocked (CB) binucleated cells with n MN in the triplicate experiments which 1,000
binucleated cells were scored.
3 Number of MN/1,000 binucleated cells in the triplicate experiments.
MMC (Mitomycin C) and B(a)P (benzo(a)pyrene) were used as positive controls.
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Stability in the Antimutagenic Activity of the Gamma-irradiated Korean Medicinal Plants

Sung-Kee Jo*, Young-Beob Yu, Hae-Ran Park and Youn-Gil Kwak

Team for Radiation Food Science & Biotechnology, Korea Atomic Energy Research Institute, Korea

Three Korean medicinal plants - Curcuma longa Linne, Paeonia japonica Miyabe and Scutellaria
baikalensis George - irradiated with 10 kGy of gamma-rays were examined for antimutagenic effects against
benzo(cc)pyrene(B(cc)P)-induced mutations, compared with that of the non-irradiated plants, in two short-term in
vitro tests : (1) Salmonella typhimurium reversion assay (Ames test) in strains TA 98 and TA100, (2)
Micronucleus test in cultured Chinese hamster ovary (CHO) cells.

In the salmonella reverse mutation induced by B(a)P being activated with S9 mix(1), the water-extracts of C.
longa, P. japonica and 5. baikalensis irradiated with gamma-rays exhibited strong inhibition of the mutation at
ratios of 74.1%, 89.5% and 73.7% in the strain of TA98, respectively. The ratios were at the same level as those
of the non-irradiated plants, and the inhibition effects in the strain of TA 100 were similar (Table 1, 2). In a
direct non-activated test, the water-extracts did not show the inhibition of mutation induction by mitomycin-C.
These results suggested that there might be no changes in the mutation inhibition effects of gamma-irradiated
medicinal plants.

In the micronuclei induction by B(a)P being activated with S9 mix during the division of CHO cells in the
cytokinesis-block method'2', the water-extracts of C. longa, P. japonica and S. baikalensis irradiated with
gamma-rays exhibited strong inhibition at ratios of 44.1%, 64.2 % and 51.0 %, respectively, at the same level as
those of the non-irradiated plants(Table 3). In a direct non-activated test, the water-extracts did not show the
inhibition of micronucleus induction by mitomycin-C. These results suggested that there might be no changes in
the inhibition effects of the irradiated plants on aberration induction during the nuclear division of CHO cells(3).

These two results suggested that there might be no changes in the anti-mutagenic effects of gamma-
irradiated medicinal plants. From these results, stability in the efficacy of gamma-irradiated medicinal plants
could be verified in further studies on various pharmacological effects. Furthermore, the irradiation technology
of medicinal plants would be established commercially'4'.

Table 1. Antimutagenic effects of water-extracts of y-irradiated Curcuma longa Linne, Paeonia japonica
Miyabe, Scutellaria baikalensis George in the 5. typhimurium reversion assay

Material

H,0
H,O

C. longa^

P.japo.4

S. Bait*

B(a)P

IR1

-
-
-
+
-
+
-
+
-
+
-
+
-
+

-

Cone.

(ug/plate)

3500
3500
3500
3500
7500
7500
7500
7500
750
750
750
750
20

S9 mix

-

+

+
-
-i-
4_

+
+
+
+
+
+

+

BP2

-
-
+
+
-
-
+
+
-
-

+
-
-

Revertant colonies/ plate

41
41
103
112
44
46
54
59
43
56
122
110
48
45
287

43
41
121
96
48
43
66
66
49
45
87
115
47
46
297

TA98

37
45
116
109
42
47
71
78
48
51
110
96
42
43
283

(40)
(42)

(113)
(106)
(45)
(45)
(63)
(68)
(47)
(51)
(106)
(107)
(46)
(45)
(289)

Inhibition
ratio (%)

71.3
74.1

91.5
89.5

74.1
73.7

'y-irradiation(10 kGy); 2 benzo(a)pyrene; 3 Curcuma longa Linne; 4 Paeonia japonica Miyabe; 5 Scutellaria
baikalensis George
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Table 2. Antimutagenic effects of water-extracts of y-irradiated Curcuma longa, Paeonia japonica,
Scutellaria baikalensis in the S. typhimurium reversion assay

Material

H2O

H20

C longa?

P.japo.4

S Baik.5

B(a)P

IRl

-

+

+

-

Cone.

(Hg/plate)

2,000

2,000

2,000

2,000

7,500

7,500

7,500

7,500

200

200

200

200

20

S9mix

+

T

-r

+

BP2

w

-r

-r

+

Revertant colonies/ plate

TA100

183, 197, 201 (194)

246, 223, 214 (228)

274, 265, 259 (266)

290, 255, 280 (275)

219, 228, 206 (218)

197, 207, 229 (211)

243, 285, 242 (257)

264, 231, 265 (253)

214, 240, 249 (234)

231, 257, 235 (241)

311, 278, 303 (297)

284, 293, 300 (292)

275, 252, 259 (262)

264, 280, 258 (267)

370, 457, 468 (432)

Inhibition ratio
(%)

81.4

77.0

85.4

87.8

66.2

68.6

'y-irradiation(10 kGy); 2 benzo(a)pyrene; 3 Curcuma longa Linne; 4 Paeonia japonica Miyabe; 5 Scutellaria baikalensis
George

Table 3. Antimutagenic effects of water-extracts of y-irradiated Paeonia japonica, Curcuma longa and
Scutellaria baikalensis in the micronucleus(MN) assay using cytokinesis-blocked CHO cells

Material

H2O

C longa^

C. longa

P.japo^

P. japo.

S. baik'7

S baik.

B(a)P

. Cone. S9
IRl

(ug/ml) Mix

-

330 +

330 +

500 +

+ 500 +

7 +

+ 7 +

+ 5

No.

0

- 2946

+ 2717

- 2746

+ 2822

+ 2803

+ 2779

+ 2777

+ 2618

ofCB

1

51

256

228

158

183

201

193

342

cells

2

22

20

24

13

10

17

28

29

with n M

3

1

3

2

1

3

3

3

9

IN^

4

0

0

0

0

0

0

0

2

Total
- No. of

MN

58

305

282

187

212

244

258

435

MN/1000

(Mean±

29.3

101.7

94.0

62.3

70.7

81.3

86.0

145.0

±
±

+1 
-H

±

±

±

cells4

S.D.)

4.3

11.1

14.7

13.7

11.5

10.1

14.7

9.2

Inhibition
ratio(%)

37.4

44.1

71.5

64.2

55.1

51.0

'y-irradiation(10 KGy); 2 benzo(a)pyrene; ^Total number of cytokinesis-blocked(CB) binucleated cells with n MN in the
triplicate experiments which 1,000 binucleated cells were scored; 4 Number of MN/1,000 binucleated cells in the triplicate
experiments; 5 Curcuma longa Linne; 6 Paeonia japonica Miyabe; 1 Scutellaria baikalensis George
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The Korean Public Understanding of Irradiated Food:
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Sogang University,
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In Korea, the general public seems to have little knowledge of food irradiation. A (nonscientific)
survey conducted in 1997 showed that only three percents of 302 sampled adults had seen irradiated food.
However, the press sometimes reports that most environmental or consumer groups have strong negative
attitudes of irradiated food and its domestic diffusion, irrespective of legal permission. This means that
special communication strategies and efforts are needed to improve the Korean public understanding of
irradiated food.

From the Korea Institute of Science and Technology Evaluation and Planning (KISTEP), this year we
have won a survey project titled as "A National Survey of the Korean Public Understanding of Irradiated
Food." This is the first national survey to be conducted in Korea scientifically, for example, with random
sampling, rigid conceptualization, concrete questionnaire, and controlled person-to-person interview. Now
we are completing conceptualization and questionnaire, will conduct a few pre-tests in this coming August
and the main survey in early September. Then, we will present a preliminary report of our national survey
results in October's International Conference on Irradiation to Ensure Safety and Quality of Food to be
held in Turkey. Therefore, at this point, we will describe research questions so that you could project
future results and suggestive communication strategies.

We plan to survey three separate groups: The general public as adults; the food specialists group; and
the environmental/consumers group. Our research questions are:

1) Do the three groups differ in level of exposure to irradiated food and in level of interest in
irradiated food?

2) Do the three groups differ in knowledge, attitude, and impression of irradiated food?
3) Do the three groups differ in possessing accurate information of irradiated food?

To trace people's negative perception of irradiated food, we are concerned with searching their
possible confusion of equating radiation with radioactivity. Thus, we will also ask the following questions:

4) Do the three groups distinguish radiation and radioactivity well?
5) Do the three groups orient to negative effects of irradiation more than to positive ones?

Also we are concerned with searching sources of information which people get about irradiated food.
Thus, we will trace those information sources as follows:

6) Do the three groups differ in information sources (e.g., mass media, interpersonal contact)
regarding irradiated food?

7) Do the three groups differ in situations (how, when, with whom, etc.) of reaching those information
sources?

8) Do the three groups differ in using new information technologies such as Internet?

Finally, we are concerned with searching people's evaluation of various methods of ensuring safety
and quality of food, for example, irradiation, pesticide, preservative, chemical spray.

9) Do the three groups differ in evaluation of those various methods?
10) Do the three groups differ in knowing characteristics of various methods?

Our survey results will answer those above questions and facilitate us to suggest effective
communication strategies. Public science communication is so important for the Korean public to
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understand and accept irradiated food. However, it should be based on the information consumer's
perspective rather than the information provider's one. Insofar as our survey focuses on the information
consumer's perspective and communication strategies derive from the survey results, our suggestion of
those strategies is likely to be valid and effective universally. In October, we will be able to demonstrate
such with solid data.

Ends.
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TECHNICAL AND COMMERCIAL FEASIBILITY OF IRRADIATION
TREATMENT OF FRESH, FROZEN AND DRIED FOOD

Malaysian produces substantial quantities of fresh and dried products: fresh fruits and black and white pepper. At the same lime.
Malaysia imports 90% of our need of meat in frozen form from countries such as India, Australia, New Zealand. Argentina etc
Rice is also imported from the ASEAN member states to supplement local production.

Irradiation of dried products has been on-going for Malaysian spices overseas for many year despite the availability of local
irradiator. Recently, however, interest on the irradiation treatment of spices has been revived because of attractive pepper price
and competitive treatment cost at local irradiator.

For fruit, namely jackfruit. there was demand for the product overseas especially European and Japanese market. However, the
main drawbacks are firstly, the strict quarantine regulation; and secondly, that the product needs to arrive at the consumer table in
fresh, unfrozen form. The consumers do not prefer product in frozen form because of frozen injury, whereas chilled jackfruit has a
very short shelf life, i.e.. deteriorate during the prolong, 2-4 weeks, surface journey to destination. Gamma or electron irradiation
may have potential to solve this problem.

Volume of frozen meat imported into Malaysia annually is substantial. In many cases, frozen meat is contaminated with
potentially pathogenic Salmonella and E.coli. Preliminary screening of imported meat indicated that more than 30% were
contaminated with Salmonella and 100% with E. coli. Presently, there are no proven techniques that can eliminate these
pathogens in the imported frozen meat without affecting quality. The Malaysian Institute is carrying out studies on the feasibility
of decontamination of frozen meat by gamma irradiation and electron beam irradiation especially on the sensory, physico-
chemical properties and microbiological quality. Studies indicated that dose not more than 4kGy using electron beam affects
sensory quality. Physico-chemical quality was not affected even irradiation up to more than 10 kGy. Study on the effect of
irradiation on microbiological quality is still in progress.

Study on the irradiation of imported rice for disinfestation showed that doses less than 1 kGy was sufficient to cause sterility in
insect Use of irradiation can be contemplated, as irradiation can be integral component of present handling and marketing
system Economic feasibility showed volume of imported rice into the country could justify a dedicated gamma facility especially
at the port of entry.

Almost 95% of the total production of an average 20,000 tons yearly production of Malaysian pepper is exported to the markets of
Europe. Japan and the United States. Recently, there were requests for irradiated spices from overseas customers SINAGAMA
facility at MINT carried out a study on the irradiation of black and white pepper Pepper can be processed at the facility with dose
uniformity ranging from 1.5-2. with an average dose of equal to or less than 10 kGy.

Jackfruit. a tropical fruit, is a new product that has been the interest of importers because of the exotic its taste However,
quarantine regulations in the importing countries have some reservations on the importation of the product because of fruit-fly
infestation. Malaysian Institute of Nuclear Technology Research (MINT) in collaboration with the Federal Agriculture Marketing
Authority (FAMA) has been carrying out research on the comparative effect of electron beam and gamma irradiation to disinfest
jackfruit and at the same time to prolong storage life for surface journey at chilled temperature. Preliminary study indicated that
dose less than 2.0 kGy did not have a significant effect on the sensory quality of peeled product Electron beam produced a
superior quality product as compared to gamma irradiation but has the problems of limited penetration and poor dose uniformity,
i.e.. more than 2.5, at 3 MeV. Study is in progress to optimize packaging, storage and irradiation condition to prolong shelf life of
the product.

This paper will report on the current studies carried out on irradiation to ensure safety and improve quality of imported frozen
meat and nee. Jack fruits. Black and white pepper; and the economic and commercial activities of food irradiation in Malaysia
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DEVELOPMENT OF FOOD IRRADIA TION REGULA TIONS IN NIGERIA

M S. Momodu
National Agency for Food and Drug Administration and Control
Ikoyi-Lagos, Nigeria

Nigeria is the most populous country ' in Africa and Food Security is a problem arising
from post harvest losses from Pests and Spoilage Microorganisms amongst others. Insect
pests, pathogens and microorganisms affect virtually all the produce for domestic
consumption and for export. Stored2 products are highly venerable from insect pests and
fumigation comes with the attendant problems of pesticide residues and misuse.

Emerging food technologies3'3 point to food irradiation as a technique for food dis-
infestation and preservation in the next millennium. Food Irradiation Information and utility
is just taking root in Nigeria. The National Agency4 for Food and Drug Administration and
Control (NAFDAC), a parastatal of the Federal Ministry of Health has legislative
responsibility for the control of food importation, exportation, distribution, manufacture, sale,
use and advertisement in Nigeria. The Agency has been promoting Food Irradiation since
1994 by creating awareness amongst consumers, sensitizing the private sector (industry) on
the emerging technology and fashioning out an enabling environment by organization of
step wise modalities in an atmosphere to guarantee appropriate draft regulations. The Agency
had planned a workshop on food radiation and food irradiation for 2nd - 4th August 1995
with IAEA participation, although it didn't eventually hold. The Director _General of the
Agency Prof. G.E.Osuide participated in a WHO workshop on high dose Irradiation. 1997.
NAFDAC staff attended a conference on harmonisation of legislation on irradiation in the
Africa region, in Ghana in 1996, and attended an AFRA training workshop on irradiation as a
quarantine technique in 1999. All these activities have contributed to the formulation of the
draft irradiation regulations.

The public enlightenment6 approach is to ensure that consumer are enlightened to
reduce resistance is minimised due to ignorance and misinformation. This method is also to
encourage industry that there will be a receptive market when irradiated food come on stream
in future. The awareness campaign cuts across the academia8, industry, scientific societies,
consumer associations, Government and its parastatals and the general public at large.

Presently there are no commercial Irradiators in Nigeria. Irradiated Food Import is not
permitted. However some universities like Obafemi Awolowo university, (OAU) Ile-Ife have
an irradiator for research purposes. The Sheda Science and Technology complex (Shestco)
Abuja is building an irradiation facility for pilot commercial purposes. Irradiation as a
quarantine treatment for export products is yet to begin.

The draft regulations have all the technical information contained therein discussed and
accepted by the major stakeholders7. The regulations are yet to receive administrative and
legal approval before gazetting and publication.
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Apart from food laws10 presented here, which control food in Nigeria, there is a law11

on Ionising Radiation use and safety which governs the Irradiation facility. A specific
provision has already been made for labelling of irradiated food in the published prepackaged
food (labelling) Regulations 199510 Fish and seafood exports from Nigeria may need
irradiation technology in the future and other staple food for local consumption also may
require irradiation. Hence the need for its introduction.

To promote international trade in accordance with the WTO agreement on sanitary and
phytosanitary measures in-order to reduce trade barriers, these regulations have been drafted
to accommodate harmonised aspects of regulation to foster trade. The draft regulations9 are
in consonance with all existing food laws in Nigeria and are expected to protect the consumer,
encourage industry to acquire the technology inorder to promote international trade and
guarantee food security by reducing post harvest losses from pest, pathogenic microorganisms
and the environment.

NAFDAC ensured that the draft regulations are compatible with existing laws9'10 and
regulations affecting food to avoid conflict and to make the regulatory process compliance
friendly. The objective to promote international trade and boost export potential enjoy
prominence in the overall preparation. However, dumping or importation of unregistered,
unwholesome and substandard food products attract stiff penalties on conviction of offenders.
Wide consultation is also made before regulations are passed and in this particular case
consultation of local, state, national, regional standards and codex standards would be sought
before enactment.

The draft regulations are open for discussion and comments. Selected references below will be
made available for some participants during the conference.
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Extended Synopsis

AN UPDATE ON FOOD IRRADIATION PROCESSING IN PAKISTAN

Abdus Sattar, Anwar Ahmad & Shaheen Atta
Nuclear Institute for Food and Agriculture (NIFA) Tamab Peshawar Pakistan

The R & D work on food irradiation programme in Pakistan was initiated in late sixties to help reduce post-

harvest losses and to improve the hygienic quality of foods. Optimum gamma irradiation doses for most of the

food items were established. On the basis of these findings radiation processing of potatoes, onions and garlic

was conducted on commercial scale while that of dried fruits and plant nuts on pilot scale [1]. In-land

transportation trials using different modes and packages of irradiated tubers were carried out with promising

results. Acceptability trials by the consumers for irradiated onions and potatoes were also done during the

national exhibits. Feasibility for commercialization of this technology for tubers, dried fruits and spices was

studied (Table 1). In order to facilitate international trade, experiments on identification of irradiated food were

done and related techniques for spices and dried fruits/plant nuts were optimized [2, 3]. The data on

thermoluminescence (TL) measurements taken at the temperature range of 80-320 °C especially at 200 °C (peak

response) showed a strong linear relationship between TL values and radiation absorbed dose in dried fruits and

plant nuts. Hence the results clearly demonstrated that TL measurement technique was suitable, reliable and

reproducible in identifying as well as measuring the absorbed dose in these samples (Fig 1). Studies were

conducted on the response of clear PMMA in the thickness range of 6-10 mm and their stability was tested up to

6 months at ambient conditions (Table 2) and the data indicated that clear PMMA from 6mm to 10mm in

thickness can serve as a useful and reliable routine dosimeter for irradiated food materials in the dose range of

0.125-1.00 kGy. Government of Pakistan has now issued a gazette notification approving the treatment of food

by gamma radiation and hence a case for installation of food irradiator alongwith the already operational

commercial facility for medical supplies (PARAS) at Lahore, is ready. Pakistan has been participating in all the

IAEA activities on food irradiation processing and now the Harmonized Regulation on Food Irradiation for Asia

and the pacific sent by the IAEA for adoption is under review.
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TABLE 1 FOOD IRRADIATION PROCESSING IN PAKISTAN

FOOD IRRADIATION ACTIVITIES

1.Establishment of optimum radiation
doses © Cereals o Meat

o Fruits o Poultry
o Vegetables o Fish
o Root Vegetables o Dried Fruits
o Spices o Plant Nuts

2. Pilot scale Experiments o Dried Fruits
o Plant nuts
o Root vegetables

3. Commercial Scale Irradiation Trail o Potatoes
o Onions

4. Commercial Transportation Trail o Product: Potato/Onion
o Mode: Truck and Train
o Package: Wooden crates and Gunny Bags

5. Consumer Acceptance Trails o During National Exhibits

6. Irradiation of samples for Industry o Meat and vegetable based samples.

7. Establishment of R&D for identification o Physical methods
of irradiated foods o Analytical techniques

o Label Dosimeters

8. Approval of Food Regulations o Gazette Notification of Pakistan March, 1996

9. Education Programme o Audio Visuals
o Seminars
o Publications
o Exhibits
o Training courses
o Special Bulletins
o Special Lectures
o On the Job Training
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TABLE

DOSE
(kGy)

2 EFFECT

0

OF IRRADIATION

1 2

ON ABSORBANCE
AT320nm

storage-months
3

AND

4

STABILITY OF

5

CLEAR PMMA

6

0.125
0.25
0.50
0.75
1.00

0.125
0.25
0.50
0.75
1.00

0.125
0.25
0.50
0.75
1.00

0.015
0.018
0.062
0.105
0.126

0.030
0.053
0.125
0.162
0.202

0.039
0.061
0.146
0.206
0.242

0.012
0.015
0.053
0.089
0.108

0.026
0.051
0.100
0.121
0.149

0.038
0.074
0.133
0.191
0.236

0.010
0.020
0.047
0.080
0.093

0.040
0.055
0.088
0.114
0.136

0.042
0.084
0.126
0.181
0.220

6mm
0.012
0.018
0.031
0.064
0.069

8mm
0.035
0.049
0.075
0.099
0.128

10mm
0.040
0.085
0.124
0.177
0.210

0.0123
0.018
0.031
0.064
0.069

0.035
0.048
0.075
0.099
0.128

0.049
0.090
0.131
0.165
0.200

0.025
0.020
0.024
0.048
0.055

0.037
0.053
0.053
0.085
0.113

0.040
0.085
0.124
0.160
0.198

0.024
0.022
0.024
0.044
0.057

0.037
0.054
0.055
0.094
0.111

0.041
0.079
0.112
0.160
0.194

Values are average of 3 determinations

3.5
3

2.5
2 •-

1.5
1

0.5 -I-

80 120 160 200

Temper»tures-°C

240 280 320

Fig. 1 THERMOLUMINESCENCE GLOWCURVES OF DUST FROM DATE
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STORAGE EVALUATION OF GAMMA IRRADIATED RICE

Z.M. DE GUZMAN
Philippine Nuclear Research Institute (PNRI), Quezon
City, Philippines

C.C. DE DIOS
National Food Authority (NFA), Quezon City,
Philippines

J.A. PATINDOL
Philippine Rice Research Institute (PhilRice),
Nueva Ecija, Philippines

Several studies have dealt with the effect of irradiation to reduce the extensive
losses of rice grains and cereals during postharvest storage and marketing (1-3).
Radiation treatment has been found effective in preventing insect infestation and
microbial damage and has noted some advantages over the conventional method of
chemical fumigation. This study aims to determine the effect of gamma radiation on the
physico-chemical, microbiological, entomological and sensory qualities of milled rice.

Local variety of milled rice samples stored in three types of packaging materials
namely; polypropylene sacks, polyethylene bags and polypropylene lined with
polyethylene bags were irradiated at doses of 0.5, 1.0 and 3.0 kGy using the Multi-
purpose Co-60 Facility of the Philippine Nuclear Research Institute. Treated samples
were stored at room temperature and their grain qualities were evaluated for a period of
nine months. Two years storage trials of the commodity was carried out involving two
tons of rice which was procured from the farm and milled at the National Food Authority
Warehouse.

A reduction of two to three log cycles in the total microbial counts was obtained at
a dose of 3.0 kGy. Mold growth was significantly reduced at this dose level
specifically those packaged in plastic bags and polypropylene lined with plastic films.
The chemical analysis indicated an increase in the amylose content of the irradiated rice
during storage. The amylose content of the irradiated and control samples did not
significantly differ from each other. The moisture and protein content of the treated
samples remain stable during storage. The gel consistency of the irradiated rice is higher
than the non-irradiated lots as seen in Fig.l which indicate tenderness and softness of
rice when cooked.

The sensory ratings (whiteness, aroma, softness gloss and overall acceptability)
decrease with increase dose of radiation . Difference in sensory qualities between
irradiated and non-irradiated rice became less evident through time. The non-irradiated
rice showed insect infestation during the 9 months storage regardless of the type of
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packaging materials used, hi the irradiated rice, samples stored in polypropylene sack
exhibited few insect infestation (live adult insects) while those packaged in polyethylene
and polypropylene lined with plastic sack had negligible insect infestation (adult dead
insects). An optimum irradiation dose for insect disinfestation is 0.5 kGy. Double
packed container seemed most appropriate against insect infestation after irradiation.

Fig. 1. Gel consistency of Irradiated Rice at Doses of 0.5 and 1.0 kGy

Fig2. Sensory Quality (Acceptability) of Irradiated Raw Rice
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DECONTAMINATION OF MEDICAL HERBS BY IRRADIATION

W. MIGDAL, H.B.OWCZARCZYK
Institute of Nuclear Chemistry and Technology, Warsaw, Poland.

A good quality of medical herbs, according to the pharmaceutical
requirements may be achieved by applying suitable methods of decontamination.
In the paper, results of decontamination by irradiation the medical herbs are
presented. The table 1 presented effect of irradiation on number of
mkaroorganisms occurance in medical herbs

Table 1. Microbiological decontamination of medical herbs by irradiation at the
dose 10-kGy.

XA9952795

Materials

Urogran

Reumogran

Nofmpgran

Cholegran

Betagran

Aerobic bacteria

OkGy

500

8 500

102 000

150 000

70 000

lOkGy

10

30

40

50

70

Yeast and moulds

OkGy

20

40

<10

3 100

30

lOkGy

<10

<10

<10

<10

<1O

Bacillus spores

OkGy

50

4 400

47 000

76 000

<10

lOkGy

<10

<10

<10

<10

<10

The results has shown, that apllying irradiation method to the
microbiological decontamination the medical herbs can achieved its high purity.

The some of the pharmacological activities of medical herbs were
investigated after irradiation (table 2.)

Table 2. Pharmacological tests adapted to qualify medical herbs.

Medical

herbs

Urogran

Reumogran

Noimogran

Cholegran

Betagran

P h a r m a c o l o g i c a l a c t i v i t y

diuretic

+

-t-

spasmolythic

+

+

+

cholagogic

+

digestion
improvement

+

antibacterial

+

ana'
inflam-
matory.

+
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The diuretic action of Urogran and Betagran did not changed after irradiation.
The spasmolytic action of Urogran, Normogran and Cholegran was the same in
nonirradiated and irradiated medical herbs. Irradiation of Nonnogran and
Cholegran do not have the negative effect on cholagogic action this
fitopreparations. Urogran and Cholegran are characterized after irradiation by a
slightly higher antibacterial activity as compare with nonirradiated ones.

CONCLUSIONS

The tests carried out through this study concluded that medical herbs show
after the exposure to ionizing radiation the identical therapeutically action as
nonirradiated preparation.
The dose of 10 kGy assured the proper purity of investigated medical herbs.
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CONTROL OF IRRADIATED FOODS IN POLAND.

.[JETECTtON METHODS.

W.STACH0WIC2, A.M.DANCEWICZ, K.MALEC-CZECHOWSKA, 2.SZOT

Institute of Nuclear Chemistry and Technology (INCT), Warsaw, Poland

Following the earlier consideration on governmental level, in INCT the Laboratory

for Detection of Irradiated Food has been raised in 1994. Actually the accreditation

procedure of the Laboratory is in progress. The intention of those who support the

view of the necessity of the control of some food products imported to the country

whether irradiated or not is to reinforce food distributors and consumers confidence

in the food control system as adapted in the country. One example is sporadically

done control of spices and other condiments imported from abroad of a not fully

defined origin which have been intended to be pasteurised by irradiation in the

country due to a high level of microbial contamination. The detection of earlier

irradiation of these products is a proof of their low quality (prolonged storage under

not proper condition). Another example is the control of imported food products

which demonstrate low level of microbial contamination but there are doubts as to

their freshness (not fully positive sensoring tests).

In the Laboratory the following detection methods have been implemented.

- detection of irradiation in bone containing foods by EPR spectroscopy,

- detection of irradiation in foods containing cellulose by EPR spectroscopy,

- detection of irradiation by themnoluminescence technique in foods from which

minerals can be separated.

The detection with the use of EPR technique as adapted to bone containing foods

(poultry for example) is based on the identification in the EPR spectra recorded with

investigated bone sample the specific signal attributed to paramagnetic centres in

hydroxyapatite (asymmetric singlet with gx = 2,0030, gy = 1,9975, g* = 2,0018 and

Ahpp = o,85 mT) which are exclusively produced by the action of ionising radiation

only. The detection of irradiation in food containing celiulose, in turn, depends upon

the appearance in the EPR speclrum of two satellite lines located at the distance of

6 mT which arise from cellulose radical not existing in nonirradiated samples.
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The thermoluminescence technique of the detection of irradiation is an universal

method adaptable to all foods under condition that minerals can be separated from

them. It is successfully used for the detection of irradiation in spices and herbs.

The reliable results are obtained when after recording of the first TL glow curve

the mineral is irradiated with appropriate dose (usually 1 kGy) and measured for the

second time (second TL glow). The glow ratios ( Glow I / Glow II) from irradiated

samples are typically greater than 0,5 whereas those from nonirradiated ones are

bellow 0,1.
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DECCONTAMINATION OF NATURAL HONEY BY IRRADIATION

H.B.OWCZARCZYK, W. MIGDAL
Institute of Nuclear Chemistry and Technology, Warsaw, Poland

B. KETJZIA, Ei HOLDERNA-KEDZIA
Research Institute of Medicinal Plants, Poznari., Poland

D.MADAJCZYK
Society of Apiculture, Poznan, Poland

Bee honey is usually contaminated with numerous microorganisms. Among
these predominate osinophylic yeast mainly the strains of Saccharomycetes,
Schizosaccharomyces and Torula. Bacillus and anaerobic Clostridium spores
and small fragments of mould fungi may appear in honey.

The effect of irradiatiation on microbiological decontamination of honeys is
shown in table 1.

Table. 1. Effect of irradiation at the dose 10 kGy on the count of microorganisms
in honeys.

No

1
2
3
4

• • . 5 '

6
7

total count of aerobic
bacteria

before
irradiation

11000
460 000

500
50

800
60
10

after
irradiation

10
<10
<10
10
40

<10
<10

total county yeast and
moulds

before
irradiation

900
<10
<10
10

<10
10
10

after
irradiation

20
<10
<10
<10
<10
<10
<I0

total count clostridium
spores

before
irradiation

10
10 000
100 000

100
100
100
100

after
irradiation

10
1 000

10
10

<10
<10
<10

The experiments have shown, that irradiation process decreases in honeys
the number of aerobic bacteria and fungi (yeast and moulds) and anaerobic
spores of Clostridium by 98,1% on average.

The results of irradiation on antibiotic activity and 5-HMF content in
decontaminated honey are given in table 2.
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Table 2. The effect of irradiation on antibiotic activity and 5-HMF content in
honey. :

Honey samples

1
2
3

honey dilution
inhibiting growth of

standard strain S.
aureus FDA 209 P

Antibiotic activity

lnhibine value
in units

Before irradiation
1:4
1:8
1:8

1
2
2

5-HMF content
(mg/lOOg)

1,15
1,15
0,96

After irradiation
1
2
3

1:16
1:16
1:8

3
3
2

1,15
0,86
0,86

It has been observed, that antibiotic value increased from 1,8 to 2,6 on average
and the content of 5-HMF decrease from 1,34 to 0,96 mg/lOOg.

CONCLUSIONS

Radiation at the dose of about 10 kGy decreases effectively the number of
microorganisms and its antibiotic activity and stability (5-HMF), while do not
influence the organoleptic value of honeys. It means, therefore, that radiation
treatment could be adapted in practice for production of honey characterized by a
high level of microbial purity.
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Efficacy of y radiation against Sitophilus zeamais (Motsch) on stored maize

P. Casimiro ', A.. Parbos?3, A. Correia1. A. Mexia1 & M. Andrade3

Experiments were conducted to detannine the effects of y radiation at five levels of radiation
ranging from 50 Gy to 800 Gy in relation to eggs and adult insects of Sitophilus zeamais
(Motsch) on stored grain. Effective control was obtained of parent adult populations in 10
days after treatments.

In determining the effects cm the emergence of F l , very few adults emerged from the eggs (0-2
day old) exposed to all levels of radiation and the irradiated parent adults did not produce any
emergence.

1 Institute Superior dc Agraunnia, Universidide Tfcnica dc Lisboa. Portugal
2 Centra dc Estndos dc Fiiossanidadc do Anmazcnatnento, Institute dc Investigate Qentifka Tropical,

Portugal
3 Insmuro Tecnol6gicx) e Nuclear, Portugal
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PROGRAM ON USE OF ELECTRON-BEAM ACCELERATORS FOR
FOOD IRRADIATION IN ROMANIA

O. S FERDES, R. MINEA, A TIRLEA, M. BADEA
National Institute for Laser. Plasma and Radiation Physics.

Electron Accelerator Laboratory,
Bucharest-Magurele. Romania

There is presented the Romanian experience and projects on the potential use of
electron beam machines for food and agricultural raw material processing. There are also
discussed the technical features of different electron accelerator types used, the present status
and the trends in legislation, clearances and use of irradiation -especially by electron beams- for
food treatment.

Increasing demands for high quality and safe foodstuffs [1, 2], meanwhile the new
power radiation sources development [3] represents the basis for a program regarding the
development of food irradiation, mainly by electron-beam processing. This R&D program is
started and carrying out to NILPR Bucharest-Magurele, Electron Accelerator Laboratory, in
cooperation with other institutes (for food research, for public hygiene, universities) and the
competent authorities (Ministries of Agriculture and Health). The program is granted by the
National Agency for Science, Technology and Innovation.

The main objectives of this program are: developing and improving the technical
parameters of different types of accelerators; characterization and optimization of electron
beam and radiation field, dosimetric methods for electron beam irradiation; developing suitable
methods (including the combined ones) for food processing; develop and set up methods for
electron beam processing and for irradiated food control.

Some of the results are promising and it is not so far the moment when some of the
results should be transferred to the practical application and onto the market.

The main type of electron-beam machines used are a linear accelerator (linac) and a
microtron-type one. The linac is used to irradiate materials both horizontally and vertically, and
it presents the following parameters: electron mean energy of approximately 6 MeV; mean
beam current 5u.A; pulse length of 3 us and pulse frequency (repetition) 100 Hz. These
functional parameters could be varied into certain limits. The accelerator is equipped with
control automation and registration of operating parameters system, placed in operator room.

The microtron type scan the electron beam in vertical direction and could generate
bremsstrahlung, its parameters being: number of orbits-17; electron mean energy in the first
accelerating mode 10 MeV; mean beam current in the first acceleration mode 50 uA, pulse
duration of 3 us and pulse repetition frequency of 400 Hz.

On these machines there are carried out experiments on food irradiation in the dose
range from 0.01 up to 25 kGy, for the following items: fresh fruits and vegetables; potatoes.
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grains; dehydrated foods from vegetal origin (including spices, herbs, onion); food ingredients;
and, more recently, meat and meat products and complex meals, like diets. The typical
experimental dose range for these foodstuffs is presented in. the following table:

Food item
potato
onion
jjarlic
apple
peach
apricot

strawberry
nectarine

pear

Dose range fkGy]
0.05-0.20
0.05-0.20
0.05-0.20
0.2-0.7
03-1.0
0.5-2.0
1.0-3.0
0.5-3.0
0.5-3.0

Food item
grains

dehydrated onion
pepper
spices

tea herbs
starches

enzymes, ingredients
poultry

red meat

Dose range fkGy]
0.3-1.0
1.0-3.0
1-15
1-15
1-10
1-20
1-20
1-5
1-5

The research results lead to draft proposal for clearances for food irradiation, organized
by four food classes: fresh fruits and vegetables; dehydrated foodstuffs; meat and meat
products and food ingredients.

Another important topic is related to control methods for irradiated foodstuffs [4].
There have been performed experiments on:

a) EPR techniques based by cellulose and hydroxyapatite signals and is developing a
method based on the sucrose EPR signal;

b) viscometry, mainly based on the radiation effects on depolymerization of
biopolymers like starch or proteins;

c) spectrophotometry, regarding the UV-VIS-IR spectra parameters modification of
major food components under irradiation;

d) thermoluminescence and photostimulated luminescence techniques on minerals
separated from foods;

e) microbiological methods,
f) chromatographic methods, especially by gas chromatography of hydrocarbons, for

fat-containing foodstuffs;
g) DNA comet assay on irradiated meat.

As result of these types, there are proposed to the National Institute of Standards to
approve as national standards the four existing European Norms for irradiated food control,
based on chromatography, EPR and TL. Meanwhile it is developing some national standards
for screening methods, as viscometry, spectrophotometry and PSL, which could lead to good
results for some food items in the dose range of 1-25 kGy.
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OF DEHYDRATED FOOD MATERIALS

O. S. FERDES; A. TIRLEA; M. BADEA, R. MINEA
National Institute for Laser, Plasma and Radiation Physics,

Electron Accelerator Laboratory,
Bucharest-Magurele, Romania

Since the mid-1980's intensive research effort, both by individual research teams
and by international cooperation in the field (Joint FAO/IAEA Division by ADMIT
Programme; the EU - BCR collaborative programme and interlaboratory tests) has been
oriented towards the development of control methods for ionizing treatment applied to
food materials. These methods represent a major tool in promoting the ionizing food
processing; the international trade of irradiated food and as consumer demand and
different regulations requirements [1, 2],

As result of this intensive research, some methods, based on physical, chemical
and microbiological aspects of radiation action has been set up or there are under
development [1,2].

The electron-beam treatment of foodstuffs has mainly the same effects as other
(gamma) ionizing radiation and its objectives are the same as for other type of irradiation
processing. The differences between gamma and e-beam irradiation consist of physical
mechanism of radiation action and the usual dose rates. But generally for foodstuffs and
especially for dehydrated biological materials, the dose rate effect is not significant and
should be not considered.

Therefore, there were investigated some physical effects of electron-beam on
different food materials, in order to set up and develop control methods for this food
category. There are presented some results on viscometric, EPR and neutron scattering
investigations of irradiated dehydrated materials as: starches; starch-based materials;
enzyme preparation and a food-grade color additive.

The samples are irradiated to NILPRP linac (~ 6 MeV) in the dose range of 0-25
kGy, to a dose rate of approximately 2 kGy/min.

The viscometric measurements have been carried out on a rotational viscometer
(Rheotest -2RV -type) with cylinder coupling. There has obtained both the shear stress
and apparent viscosity at different share rate values as function of irradiation dose [3].
The results pointed out that rheological parameters as viscosity or shear stress of
dehydrated and starch-containing food depend by e-beam irradiation dose, in the range of
1 - 2 0 kGy. This finding should lead to the use of this simple, reliable and fair accurate
method at least as screening method for the control of food materials irradiation [3, 4].
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To illustrate in the Figure 1 there is presented a typical dose-effect curve in terms of
apparent viscosity variation by dose for e-beam irradiated starch.

3H>

3>

Mn

B

Figure 1 Figure 2

EPR analysis has performed by an X-band spectrometer (JEOL JES ME 3-X),
using optimized parameters as 100 kHz and 0.125 mT modulation field and an
appropriate resonant cavity. Irradiated samples presented a clear, different EPR lines
comparing the unirradiated ones and it was also found a direct dependence of the EPR
signal amplitude by irradiation dose, for all e-beam irradiation doses used in experiments
[5]. Therefore it could be concluded that EPR, despite the equipment cost, is a very
good method, simple, rapid and accurate to control the e-beam irradiation of foodstuffs
[6]. As example some obtained EPR spectra are presented in Figure 2, for 10 kGy
irradiated enzymes (amylase and pectinase) comparatively with non-irradiated ones

The neutron scattering spectra has been used to obtain certain information on the
molecules diffusive motion, on the interatomic distances in the macromolecules and on
the chemical bond parameters, as they result under the electron beam action on food
materials. The inelastic scattering spectra of thermal neutrons has obtained by time-of-
flight spectrometry analysis for scattering angle variation in the range of 0-88° and for
energy transfer between 0-200 meV. The observed differences in neutron scattering
spectra could be assigned to the e-beam action to the molecular structures, mainly to the
hydrogen bound. Developing this method there should be obtained experimental data on
the local mechanisms of energy transfer during e-beam irradiation, but it is not very
convenient to use the method as control method due to the necessity of a neutron intense
source and sophisticated equipment as a TOF spectrometer.

129



Concluding, the experimental results obtained point out that physical methods are
appropriate to detect the effects of electron beam action on the compound
macromolecules of food materials, both as scientific tool of investigation and as control
method for inspection and QA laboratories.

Some of these methods, as EPR spectrometry and viscometry are under
development as analytical or screening standard methods for the control of some food
categories. Especially for dehydrated foodstuffs, EPR and viscometry methods are
appropriate. The electron beam irradiation, despite the relatively high dose rate, are not
significant different of gamma or X irradiation, so it does not influence the adequacy of
the mentioned methods. Neutron scattering could be developed and used only as
research method to point out the local effects of electron beam on molecules, because
the precautions related to the use of a neutron source, the expensive equipment and the
highly-qualified personnel.
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Attitudes of Saudi Consumer Toward Food Irradiation Technology
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King Saud University. Riyadh 11451, Saudi Arabia

Attitudes of Saudi consumer toward food irradiation technology was investigated through
a self-administrated questionnaire , containing fifteen different questions. Raw data were
collected from responses of 61.4% of 500 questionnaire distributed to consumers in Riyadh
city. Statistical analysis and Chi-square for comparison have not yet been made. Results
indicated that 41.7% Of consumers have heard about food irradiation, while 55.4% did not
really know why foods are treated by irradiation. Irradiated foods were rated excellent or
acceptable by 63.7%, while only 24.4% of consumers rejected such foods. Main sources of
information on food irradiation were from magazines and newspapers (61.3%), followed by
television (30.1%). Over 59% of consumers did not know the distinction between irradiated
foods and irradiation-contaminated foods (radioactive foods). Most consumers (72.6%) can
not identify irradiated foods, carrying the official irradiation green logo in the foreign
markets. However, consumers were less concerned about irradiation than they were about
some other food safety issues like pesticides or antibiotics (drugs) residues, growth
hormones, food additives, and microorganisms. Over 50% of respondents considered food
irradiation a possible alternative for some chemicals used in foods and agriculture.
Consumers (44.5%) indicated that consumer acceptance was the main obstacle facing food
irradiation application expansion. Concerns of consumers regarding food radioactivity ,
reduction in nutrients, risk to workers and environment, and increased prices of irradiated
foods were relatively high with 34.0 to 40.6% of respondents answered "Yes", whereas 34.3
to 45.1% responded "do not know". Over 80% of consumers insisted on need for consumer
education programs on food irradiation carried out by government institutions, food industry,
and press media.
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SHELF-LIFE EXTENSION OF LUNCHEON BY USING
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Foods of animal origin such as unprocessed meat usually contain
large numbers of spoilage microorganisms. Treatment with low doses of
ionizing radiation is considered as an effective procedure for meat
decontamination and shelf life extension in different kinds of meat, such
as pork, chicken and ground beef [7,3,4].

No information about the effect of ionizing irradiation on
luncheon meat is available. Our objectives were to explore the effect of
gamma irradiation on the microbiology and chemical properties of
luncheon.

Preparation and formulation of luncheon were packaged in our
laboratory and the samples were exposed to gamma radiation at doses of
0,1,2 and 3 kGy and stored at room temperature (24 ±3c°)for Sdays .
Microbiological and chemical analyses (total acidity, peroxide value,
and volatile basic nitrogen) were performed on each treatment initially
and then after 5 and 8 days of storage. The data were analyzed using the
analysis of variance (ANOVA)

The results indicated that mean luncheon characteristics for stress
vitalized in this study consisted of the following: fat content 7.1 ± 0.8.
protein content 20.5 = 0.1 and moisture content 68.6 ± 0.1 .

Luncheon treated with 1, 2 and 3 kGy doses of gamma irradiation
had significantly (p < 0.5) lower microorganisms count through the
experimental period than the untreated (control) (Table 1). Similar
observation was reported by [6] who found that gamma irradiation
reduced the total microbial count and increased the shelf-life of meat
products.

Gamma irradiation significantly (p< 0.5) increased the total acidity
of luncheon immediately after irradiation and decreased it after 8 days
of storage (Table2). Our results were in agreement with [2] who found
that free fatty acids were reduced in chicken irradiated with 2.5 kGy
does.

Used doses of gamma irradiation (1,2 and 3 kGy) decreased the
preoccupation values compared to control after irradiation and increased
it after 8 days of storage (Table 3). However [1] found that irradiation of
the meat accelerates the formation of Iipid peroxide which increases
during storage.
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Data in Table ( 4 ) indicates that all used doses of gamma
irradiation increased significantly (p < 0.5) the volatile basic nitrogen in
luncheon immediately after irradiation and decreased it after 8 days of
storage. [5] Found that fresh buffalo meat irradiated with 2.5kGy dose
had low total volatile basic nitrogen values.

The following conclusion can be reached from this study: all used
doses of gamma irradiation (1.2 and 3Kgy decreased the
microorganisms load, total acidity, and volatile basic nitrogen through
out of storage and increased the shelf-life of luncheon.
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Table (1) Effect of gamma irradiation on the total count of
microorganisms in lunchoen meat .(microorganism/gram)

"~~" -Storageperiod /days
Treatment ~~-

Control
1 KGv
2KGv
3 KGv

0

10' t>

io s a

10" a

10 a

5

> 1 0 C

10' b

1 0 5
a

10-a

Table (2 ) Effect of gamma irradiation on the total acidity
in lunchoen meat.(% lactic acid)

~—•——Storage period/days
Treatment '———_

Control
1 KGy

2 KGv

3 KGy

0

0 186a

0.206 ab

0 224 b

0216 b

5

0 310 a

0 325 a

0.294 a

0 99 a

8

0.68 c

0 357 b

0.311 a

0.300 a

Table (3) Effect of Gamma irradiation on piroxid
value in lunchoen meat, (m mol O2 /kg sample)

~~——forage period/days
Treatment " ——__

Control
1 KGy
2 KGy
3 KGy

0

1.167a

1.083 a

0.500 a

0.850 a

5

2.750 a

4.667 b

2.417 a

1 5 0 0 a

8

1 050 a

1.167 ab

1.367 ab

1.617 b

Table (4) Effect of gamma irradiation on volatil basic nitrogen
in lunchoen meat. (p.p.m)

Storacjeperiod/days
Treatment — .

Control
1 KGv
2 KGY
3 KGy

0

160 333 a

185 667 be

191 667 c

179 333 b

5

473.333 b

254.667 a

254.333 a

267 333 a

8

384.333 c

281.333 a

302 667 b

308.000 b

Values v/ithen a column followed by the same letters are not significantly different at
the 95% confidence level.
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Effects of gamma radiation on codling moth, Cydia pomoneUa L.,
larvae: A possible alternative to chemical fumigation

M. Y. Mansour
Atomic Energy Commission of Syria • Damascus. Syria.

Effects of gamma radiation on mature (diapausing and non-diapausing) codling moth.
Cydia pomoneUa I... larvae was investigated. Larvae were reared on an artificial diet similar
to that reported by Brinton et al. [ 11 at 26 ± 2 °C and 50 ± 10 % RH . Corrugated cardboard
strips were placed on lop of the diet to collect mature larvae leaving the diet for pupation. To
synchronize development, cardboard strips were replaced every 24 hours whh new ones and
collected larvae were used in the irradiation experiments. Non-diapausing larvae were reared
on a 16:8 L:D cycle while diapausing larvae were reared on 8:16 (L:D) photoperiod.

Vials containing 50 mature larvae each were irradiated and each treatment was
replicated 4 times. A series of gamma radiation doses between 50 and 250 Gy with 50 Gy
intervals was used and a group of unirradiated larvae was held as a control. Following
irradiation, larvae were held under non-diapausing conditions for over two months and the
number of emerged adults was recorded. Irradiation was done in a Cobalt-60 source. The
mean dose rate over the period of these tests was approximately 13.5 Gy/minuie.

Data on the effects of gamma radiation on adult emergence are presented in Figure 1.
The figure shows that a dose of 50 Gy reduced adult emergence significantly and 200 Gy
completely prevented it. It also shows that diapausing larvae were more susceptible to
irradiation treatment than non-diapausing ones. While no adults emerged from diapausing
larvae exposed to 150 Gy. 1.5% of the non-diapausing larvae exposed to the same dose were
able to continue iheir development to the adult stage. These results confirm those reported
earlier by some other authors [2j.

Sexual differences in radiosensitivity were also noticeable. Examination of treated
adults showed that larvae destined to become female moths were more susceptible to
irradiation injury than males. For instance, examination of adults developing from larvae
exposed to 50 Gy showed that 64.5% were males compared with 48% for aduits developing
from untreated larvae and all adults developing from larvae exposed to 150 Gy were males.

Examination of adults developing from larvae exposed to 100 Gy dose and higher
showed that they were weak, had malformed wings, abdomens and most of them died within
2-3 days. Although no attempt was made to evaluate dieir reproductive potential, these
insects are most likely sterile, but even if they were not. their short life span and limited
locomoiory capability will seriously reduce their chance of reproduction.

In summary, the codling moth is a pest of pome and stone fruits throughout most
deciduous fruit growing areas of the world. The pest is also quarantined in many countries
and strict quarantine measures are applied to prevent its entry and/or establishment in these
countries. Methyl bromide, a chemical fumigant used tor quarantine treatment against this
pest will be phased out globally during the next decade with no other alternative in hand [3].
This study indicates that the use of ionizing radiation as a quarantine treatment for codling
moth is feasible. It also indicates that the previously proposed generic dose (300 Gy) for
quarantine treatment against all insects other than fruit tlics [4] is not only sufficient for the
codling moth but may even be unnecessarily high. However, security levels for insect
quarantine treatments are based on probit 9 (I.D99.9968) mortality standards proposed by
Backer 1939 f 5]. At this level, not. more than 32 insects are permitted to emerge as aduits for
each one million treated individuals. This level of efficiency fora treatment can be
demonstrated by tests involving 30.000 individuals without survivors [6] and such tests are
required by quarantine officials before irradiation can be accepted as a quarantine ireatment.
Consequently, more research is still needed before irradiation can be approved as a quarantine
treatment for codling moth infested products.
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Fig. I. Effect of gamma radiation on codling moth mature
(diapausing & non-tiiapausing) larvae.
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The Use of Tissue Culture Techniques to Detect Irradiated Vegetables

B. Al-Safadi, N. E. Sharabi, and I. Nabulsi

Depaitmeat of Agriculture. Atomic Energy Commission. P. O. Box 6091. Damascus. Syria.

Most of the methods used to detect irradiated foods are sensitive only when
doses over one 1000 Gy are used {1}. However, most of the vegetables and fruits are
irradiated with doses below 150 Gy. Therefore, we present in this study simple and
reliable techniques for detecting irradiated onion, garlic, carrot, and potato using
tissue culture methods.

Onion bulbs, garlic cloves, carrot roots, and potato tubers where irradiated with
0, 25, 50, 100, 150, 250. 500, 750, and 1000 Gy using a ^Co y- irradiator
Subsequently, explants of the irradiated vegetables were planted m vitro. Onion and
garlic, basal plates were divided into 6-8 pieces and planted on MS [2] media with
and without callus inducing hormones on Petri dishes. Disks from potato tubers and
carrot roots were also made and planted on callus inducing medium. The cultures
were incubated at 22-24 °C under total darkness for cailus induction and 16hr light for
shoot and root grown. Also irradiated garlic, onion, and potato were planted in the
soil to compare with tissue culture methods.

Readings were taken on cailus size formed on the explants at 2 and 3 weeks
from initial culture. Number and length of garlic and onion roots and shoots formed
on the explants cultured on medium free of hormones were taken 2, 3, and 4 days
after initial culture.

Our results indicate that vegetables irradiated with as low as 50 Gy can be
detected using in vitro techniques. As compared with in vivo experiment (data not
presented), the /// vitro method is highly sensitive. For example, in potato no shoots
were seen in the pots in any irradiation treatments (only in the control). In onion and
garlic, shoot number and length were not significantly different between the control
and irradiation treatments up to 250 Gy. On the other hand, carrot callus was formed
at 25 and 50 Gy but was not formed at doses from 100 to 1000 Gy (Figure 1). Potato
callus was formed only on the control explants.

Figure 1: Effect of Gamma Irradiation on Callus Size
(3 weeks after initial culture}

.; 0Carrot ©Garlic

I El Onion • Potato

25 5;i 100 150 250 5CJ

Gamnu Ray Doses (Gy)

75(.i 1U00

Formation of callus in onion and garlic was not affected by irradiation as much
as was affected in the case of carrots and potatoes. However, size of the cailus
decreased significantly with the increase in irradiation doses (Figure 1). This makes
it. somewhat, possible to estimate the dose used for irradiating onion and gariic. No
callus was formed in any of the vegetables irradiated at 1000 Gy dose

The other in vitro technique that can be used to detect irradiated onion and
garlic is to count roots and shoots forming on basal plate pieces cultured on hormone
free medium and measure their lengths and then compare the irradiated explants to the
control.
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As shown in figure 2, irradiated onions and garlic can be detected 2-3 days after
initial culture. Onion was more sensitive to irradiation than garlic, root formation was
less than 10% of the control even at 25 Gy dose, in garLic, however, doses 25-1.00
were only 50% less than control, whereas the reduction reached 80% at the 1000 Gy
dose. Data on shoot formation are not presented in this synopsis but they are
comparable to those of root data.

Effect of Gamma Irradiation on Root size in vitro

3 Uarlic

I ill? A/ • '

0.0 •

25 50 100 150 .250 5IX)

Gamma Ray Doses (Gy)

750 HHKI

These two techniques could be very useful to detect irradiated vegetables and
estimate the range of doses used. The callus formation method is more useful for
potato and carrot since regeneration of shoots in vitro from these two plants takes a
iong time making this method unpractical. The other technique is very useful in the
case of onion and garlic since ft is rapid and sensitive.

The hi vitro techniques presented in this study may be used to detect most
irradiated vegetables that can be cultured hi vitro.
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IMPROVEMENT OF HYGIENIC QUALITY AND SHELF LIFE EXTENSION OF PORK BALL

BY GAMMA RADIATION
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The effects of gamma irradiation at doses of 1-3 kGy on hygienic quality, sensory

characteristics, and development of oxidative rancidity of vacuum packed pork ball from commercial

producer were investigated. The shelf life at 4.8 - 5.3 °C of pork ball with sodium benzoate in combination

with gamma irradiation at 0 , 1 and 2 kGy was determined and compared to those of irradiated pork ball

without sodium benzoate. Changes in mesophiles, psychrotrophs, Salmonella spp., Escherichia coli,

Staphylococcus aureus, Lactobacillus spp., TBA number, Hunter color and sensory quality of treated

samples were determined at certain intervals up to 29 days.

The results on hygienic quality, TBA number and sensory quality of fourteen pork ball

samples, unirradiated and irradiated with 1, 2, and 3 kGy are shown in Table 1. Coliforms, Escherichia

coli and Staphylococcus aureus were occasionally found in control samples and the greatest number of

MPN/gram were 110, 9.3 and 24. The presence of Salmonella spp. in pork ball was never detected.

Irradiation of pork ball at 1-3 kGy reduced numbers of mesophiles, psychrotrophs, Lactobacillus spp. and

eliminated coliforms, Escherichia coli and Staphylococcus aureus without any rise in TBA number.

However, significant changes in odor were observed after 3 kGy treatment.

The evaluation of the extension of the shelf life on the irradiated pork ball versus the

control pork ball was based on a presence of 10 mesophiles/gram. The shelf life of irradiated pork ball

with or without sodium benzoate was 29 days compared with 15 days for non-irradiated controls with

sodium benzoate. The sensory quality of irradiated pork ball tended to decrease during storage but was

within the acceptable range even after one month. The irradiation treatment did not adversely affect the

sensory quality of pork ball. Dosage at 2 kGy appeared to be sufficient for improving hygienic quality and

increasing the shelf life of pork ball without the addition of potassium sorbate.
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Table 1 Treatment effects on bacteriological quality, TBA number and sensory

quality of pork ball.

Analysis

Mesophiles

Psychrotropes

Lactobacillus spp.

Coliforms *

Escherichia coli

Staphylococcus aureus

TBA number 3

Color"

Odour

Taste4

Texture4

0

4.71

2.47 - 5.60

4.79

2.72 - 5.69

2.82

<l.OO-3.81

15.20

<0.3-110

1.24

O.3-9.30

2.32

<0.3-24

3.56

1.52-5.64

5.14

5.08-5.17

5.11a

5.00-5.25

5.25

5.08-5.50

5.28

5.17-5.42

Doses

1

3.57

2.04 - 4.62

3.83

<1.00-4.88

1.74

< 1.00-2.51

<0.3

O.3-0.4

<0.3

<0.3

<0.3

<0.3

3.49

1.80-5.56

5.05

5.00-5.08

4.94ab

4.75-5.25

5.11

4.92-5.42

5.06

4.92-5.17

(kGy)

2

2.51

1.17-3.39

2.54

<1.00-2.99

1.02

<1.00-1.17

<0.3

<0.3

<0.3

<0.3

<0.3

<0.3

3.43

1.86-5.27

5.11

5.08-5.17

5.11a

4.83-5.50

5.17

5.00-5.42

5.20

4.92-5.50

3

1.58

1.17-1.74

1.84

1.69-1.97

<1.00

<1.00

<0.3

<0.3

<0.3

<0.3

<0.3

<0.3

2.48

1.94-2.88

4.97

4.83-5.08

4.69b

4.58-4.75

4.81

4.67-4.92

4.97

4.83-5.08

1 Means and Ranges of logl0CFU/g

2 Means and Ranges of MPN/g

3 Means and Ranges of mg malonaldehyde/kg

4 Means and Ranges of sensory scores

ab Means with a common superscript are not significantly different (p>0.05)
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Tunisia's Food Irradiation Program

A. Mahjoub1, M. Hassouna2, F. Cheour^, F. Arfaoui4

1. Centre National des Sciences et Technologies Nucleaires
2. Ecole Superieure des Industries Alimentaires
3 Ecole Superieure d'Horticulture / Chott Meriem

The National Center for Nuclear Sciences and Technologie has just completed the
installation of a 100 Kcuries dry source Cobalt 60 irradiator equiped with a man
machine interface and a semi automatic conveyor which was inaugurated on
May 14, 1999

Immediately, Dose validation and developmental work has started with tomatoes,
potatoes and spices.

In fact, research work on food preservation by irradiation has been going on in
Tunisia, for sometime using medical sources. Indeed, work by CHEOUR and
coworkers(1995) on strawberries preservation and date disinfestation, and
HASSOUNA and coworker on turky escalopes (1996 b), turky mecanically deboned
meat (1996 ), refrigerated calf meat pieces (1998 a) and ground beef (1998 b) and
MAHJOUB (1997) on almond disinfestation: All mentionned work has showed the
effectiveness of irradiation for different purpose as mentioned in international
litterature.

The acquisition of a 100 Kcuries source will give the researchers and the industry a
tool for better evaluation of precise doses for industrial scale treatment.

Tunisia is an agriculture oriented state and exports of products is an important
element in hard currency income for the country.

It is well known that usage of chemicals for preservation and disinfestation will be
prohibited for environmental protection purposes and then irradiation of exported
products will be required and could be a new barrier for those who don't posses or
master the technique of radioprocessing of agricultural commodities.

Bearing in mind these emerging strict regulations for food quality, • Tunisian
researchers will soon be able to establish the irradiation protocoles of food
commodities on the basis of full scale applications.
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Tunisia also has adopted and promulgated regulations for food irradiation, plant
facilities treatment procedure and functionning and single medical use products.

It is also underway for promulgation, the legislation enabling consumption and
commercialisation of food commodities for human and animal use.
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properties of liquid white and yolk by ionization
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Studies on preservation of refrigerated calf meat pieces (Hassouna et ah, 1998a) and ground
beef (Hassouna et al., 1998b) by ionization were previously developed. The purpose of this work

was to study the effect of 1, 2, 2,5 and 3 KGy 6C>Co gamma radiation doses on decontamination of
infected liquid hen's egg yolk. Influence of 1, 2 and 3 KGy doses on quantitative variation of
physico-chemical, rheological and fonctional properties of fluid egg yolk and white has also been
investigated. Dose of 3 KGy was either tested to extend the shelf life of liquid egg yolk stored at
-j- 4 °C for up to 35 days. We showed that decrease of mesophilic lactic bacteria amount was
significantly related to applied ionizing dose (KGy) by this equation : 100. residual micro flora /
control microflora = exp (4.6 - 1,85. dose) (p < 0,001). Dose of 3 KGy was very efficient to
decontamine egg yolk. During the all storage times, pathogenic germs producing toxins in
foodstuffs (Salmonella, Staphylococcus aureus and anaerobic sulfite reducing bacteria), feacai
contamination indicators (Enterobacteriacea, feacai coliforms and total coliforms) and proteolytic
germs such as aerobic psychrotrophic microflora were totally absent in both control and treated
liquid yolk. Growth of mesophilic lactic bacteria, total aerobic mesophilic flora and yeasts and
molds was observed just only at the end of storage period of the treated liquid egg yolk. Levels of
these microorganisms were respectively 3 102, 4.4 IO2 and 2.6 102 UFC. g*1 of irradiated yolk
sample against, respectively 6 104, 106and W UFC. g"1 found in the control egg yolk. In addition,
we noted that the rate of proteolysis, Iipolysis and of microbial alcalinization was kept very low in
the irradiated product at all storage times. Contents ot total and water soluble proteins and of
saturated and unsaturated fatty acids in the total fat state of egg yolk were not modified as a result of
treatment. Independently of the irradiation dose, the ratio between the amounts of unsaturated and
saturated fatty acids was about 1.6. Moreover, we have also observed that the average content of
palmitic, stearic and linoleic fatty acids represented near 93 % of total fat state of egg yolk.
However, a little emulsifying capacity change was obtained with treated yolk. Evaluation of its color
loss indicated a decrease of content of ^-carotene concomitant with an increasing dose of irradiation
according to this linear equation : content of P-carotene (I.U) = -81,23 irradiation dose (KGy) -
320.52 (p < 0,01). On the other hand, the apparent viscosities, critical points of flow, pH, total
solids and gelling properties (elasticity and breaking resistance of gels) of treated fluid egg white
and yolk were affected (tables 1 and 2). The foaming properties of irradiated white were
significantly higher than the control product, whereas no total protein modification was observed
with treated samples. Electrophoresis experiments supported this result for both irradiated egg white
and yolk.
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Table 1 - Influence of irradiation dose (KGy) on quantitative variation of physico-chemical,
rheological and fonctional properties of liquid egg white

Parameters

pH
Total solids '
Total proteins l

Volumic Mass *
Mass of exuded liquid "*
Foam stabilitv 4

Breaking resistance of gel

Young's module 6

Critical point of flow (x) '
Apparent viscosity

o
9,09

139,88
110,12
200,52
17,53
58,23
1,82

0,53
0,016

3.5

Irradiation dose (KGy)

1 2
9.05 9,02

145,13 i 148,42
112,43 114,87
142,99 | 121,29
12,51 8,74
59,27 i 65,51

-

-
8,2

-
6,4

3
8,95

154,48
___ 111,65

106.05
6,66
70,13
1,55

0,72
0,852

6,4
3 : g. Kg": of egg white; 2 : g. F ; 3 : g of exuded liquid after 90 min: 4 : %; 5 : g. m; 6 : Kg. or.'1;
7 : Pa; 8 : Centipoises.

Table 2 - Influence of irradiation dose (KGy) on quantitative variation of physico-chemical,
rheological and fonctional properties of liquid egg yolk

Parameters

pH
Total solids ]

Total soluble proteins l

Total proteins l

Total fat !

Total free acidity"
Mass of exuded oil
Emulsion stabilitv 4

(J-carotene 5

Breaking resistance of gel6

Young's module
Critical point of flow (T) 8

Total fatty acids ratio (saturated / unsaturated)
Apparent viscosity 9

0
6,37

538,33
31,77
150,22
348,70
23,03
0,00

100,00
325,56

6,73
0,63
5,159
0.64
324

[rradiation dose (KGv}

1 1 2
6.25 | 6,23

538,25 i 554,45
31,58 | 31,53
152,19 ! 154,85
357,50 1 373,70
22,57 I 21,98
0,12 ! 0.16
99,99 1 99,90

237,68 1 146,14
!

- i -
0,63 ! 0,63
405 I 385

3
6,11

558,24
31,66
151,66
383,15
21,02
0,31

99,82
85,28
5,46
0,93
6,793
0,62
378

1 : g. Kg"1 of egg yolk; 2 : g. Kg"! of fat; 3 : g. Kg"! of mayonnaise; 4 : %; 5 : I.U (I.U = 6 ug of f}-
carotene); 6 : g. m; 7 : Kg. cm"2 ; 8 : Pa; 9 : Centipoises.
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Effect of Combination Irradiation and Modified Atmospheric Packaging (MAP) on

Microbiological Quality and Shelf Life of Fresh Chicken Meat

Songul Topal and Belgin Sarimeh-Metoglu
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Broiler carcass parts that are wing, skinless poultry breast and thigh, were irradiated at

2,5 k Gy after being packaged at 25 % CO2 and 75 % N2 atmosphere.

In the fyst day after irradiation and modified atmospheric packaging, organoleptik

qualyty was tested in a panel formed by consumer panelists.

During storage, microbiological analysis and pH measurements were conducted

periodically (one in three days). In microbiological analysis Total aerobic counts,

Psychrophilic, Enterobacteriaceae, Coliform, Micrococ-Staphylococ, Lactobacillus,

Pseudomonas, Sulphide reducting anaerobes, Salmonella and Yeast-Mould were investigated.

Modified atmospheric packaged and ^radiated samples were microbiologically better

than the samples in control group during storage.

At the and of the analysis of data collected from test and measurements it was found

that shelf life for modified atmospheric packaged and ^radiated samples is 28 days, for just

modified atmosferic packaged samples is 14 days and for samples that were not packaged by

modified atmosphere is 7 days.
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EFFECTS OF GAMMA IRRADL\TION ON SALT SOLUBLE PROTEINS OF

LENTIL
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The main objective of this study was to examine the effects of gamma irradiation at

different levels (upto 10 kGy) on lentil salt soluble protein.

Two green lentils (cvs. Pull 11 and Sultan) and two red lentils (cvs. Yerli and Firat)

were used in this study. The lentil samples were cleaned, placed in polyethylene bags

and irradiated at the doses of 1.0, 2.5, 5.0, 10.0 kGy using the m Co source at Saraykoy

Nuclear Research Institute, Ankara. Nonirradiated seeds served as controls, Seeds of

each cultivar were dehulled and ground to pass through a 212 urn screen.

Salt soluble proteins of ground lentil samples were extracted with 0.5 M NaCl for 1

hour with vortexing in every 5 min. Then centrifuged at 11.600 g (Sanyo MSE) for 5

min. Salt soluble fraction was dissolved in buffer solution pH 6.8. containing 0.063 M

Tris-HCL, 2% (w/v) SDS, 7% (v/v) 2-mercaptoethanol, 20% (w/v) glycerol, and

0.01% (w/v) Pyronin Y, and was used for the sodium dodecyl sulfate polyacrylamide

gel electrophoresis (SDS-PAGE).

SDS-PAGE was performed according to the method of Laemmli (1970). The

stacking and separating acrylamide concentrations were 4.0 and 12.5 %. respectively.

SDS-PAGE was performed in a cooled slab gel unit (Hoefer Scientific Instruments).

The marker proteins, provided from Sigma Chemical Co., St. Louis, Missouri, were

myosin (205k), {3-galactosidase (116k), phosphorilase b (97k), Fructose-6-phosphate

kinase (84k) serum albumin (66k), glutamic dehydrogenase (55k), ovoalbumin (45k),

gliseraldehit-3-phosphate (36k).

Effects of gamma irradiation at doses of 1.0, 2.5, 5.0, 10.0 kGy on electrophoretic

patterns of salt soluble proteins of Pull 11 and Sultan cultivars are presented in Fig. 1.

At all irradiation levels, the SDS-PAGE patterns of salt soluble proteins indicated that

the relative band intensities generally were not different than that of corresponding

control for both green lentil cultivars. Also the irradiation levels did not create any

difference on protein band intensity and sequences for both red lentil cultivars when

compared to their controls.
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As a preliminary result of this investigation, it can be proposed that gamma

irradiation on lentils in order to preserve and extend the shelf life of product may not

cause asv differences on the SDS-PAGE patterns of salt soluble proteins.

1 2 3

sc
12

•aw *ss -mi.

tIG. I. Effects of gamma irradiation at different levels (upto 10 kGy) on lentil salt
soluble protein. Lanes: M: Marker; 1-5: cv. Pull 11; 7-11: cv. Sultan; 1, 7: Control, 2,8:
Irradiated .at 1.0 kGy level 3,9: Irradiated at 2.5 kGy level, 4.10: Irradiated at 5.0 kGy
level 5,11: irradiated at 10.0 kGy level.
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ECONOMIC FEASIBILITY OF FOOD IRRADIATION IN TURKEY
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Turkey is located at a point where the three continents making up the old
world, Asia, Africa and Europe are closest to each other. Goegraphycally, its
location is very good as it is halfway between the equator and the Nort Pole of the
world. Although Turkey is situated in a very good geographical location where
climatic conditions are quite temperate, the diverse nature of the landscape and
existence in particular of the mountains, results in significant differences in climatic
conditions among the regions of country.Because of the geographical location,
structure and different types of climates, Turkey has always found favor throughout
history, and has been the birthplace of many civilizations and the center of
commerce among the continents around her.

In addiation, Turkey has a high agricultural potential due to facts mentioned
above. Major portion of the economicaly active population (40 %) is employed in
this sector. Except tropical species all kinds of grain, vegetable, fruit and forestry
products are produced in Turkey abundantly. According to the general agricultural
statistical data, the largest area of the agricultural land is used for cereals (74%) and
pulses (11%). These two products make up 58.4 of total crop production. The
remaining of field crops production consists of industrial crops, oil seeds tuber
crops. Turkey is also one of the top country is in the world as far as the number of
farm animals and fishery products is concerned. But these sectors have not been as
successful as it might. This does not however detract from the importance of animal
production to the national economy.

Since Turkey's high agricultural production potential and enough scientific
evidences that food irradiation can succesfully reduce spoilage, disinfect, sanitize
and extend shelf life of foods. Recently like in most of the countries in Turkey, food
irradiation is being recognized along with other methods of food preservation, as an
effective methods for reducing post-harvest food loses and preserving the
foodstuffs. However, from the results of the research done specifically on the
economic feasibility parameters of food irradiation such as production amount and
geographical area of items, distance of foodstuffs transportation, applied doses,
packing densities, handling and distribution, dose uniformity, unit processing, this
technology seems very expensive. For that reason before building the irradiation
facilities, the experts must do detail investigation.
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Right now, there are two gamma irradiators, which were built mainly for the
sterilization of the industrial and medical items in Turkey. One of them belongs to
Turkish Atomic Energy Authority (TAEA) in Ankara, the other one, which belongs
to private sector, is also built for the same purpose in Istanbul.
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The strain SLCC 9488 of Listeria monocytogenes was inoculated into raw
ground poultry meat samples prior to irradiation treatment and then irradiated and
unirradiated samples were stored at 10°C. It was known that counts on unirradiated
samples held at 4°C remained essentially constant during 11 d of storage and at 15 d
of storage, population increased 4 logI0 unit. A more rapid growth was observed in
nonirradiated samples stored at 10°C during the period of 15 d. The injured cells
were detectable after 11 d in irradiated poultry samples stored at 10°C. These cells
in irradiated samples reached to a threatining amount after 15 d of storage at 10°C
while they were not detectable during 7 d of sorage. Therefore, the storage of
irradiated poultry samples with low initial load (5x10" cells/g) of L. monocytogenes at
a temperature abuse of 10°C would not create a safety problem up to the 7 d. After
this period, injured cells of L monocytogenes would repair themselves and increase to
a high number.

It is known that nisin is inhibitory to Listeria monocytogenes. It was
examined if nisin has any reducing effect on irradiation sensitivity of this organism.
The initial number of L. monocytogenes is reduced approximately 1.3 log cycle by
the addition of nisin (1000 IU/g) prior to irradiation process. However, this
treatment with nisin did not change the D10 value. The D10 value in the samples
treated with nisin was 0.598 kGy, while this value was 0.599 for the samples without
nisin addition. The effect of nisin was immediate with no inhibition occuring after
that. Similar results were also obtained by Nielsen et al. (1990). They reported that
most of the bacteriocin inhibition produced by Pediococcus acidilactici on L.
monocytogenes occured within 2 minutes.

El-Khateib et al., (1993) have shown that Listeria monocytogenes was
inactivated by the addition of lactic acid (2%) on beef muscle. In ground chicken the
lactic acid (2%) additon has decresed the growth rate of L. monocytogenes SLCC
9488. El-Khateib et al. (1993) indicated that Listeria monocytogenes in beef muscle
is highly inactivated when it is treated with a solution of 2% lactic acid. Similar effect
has been shown in ground chicken into which 2% lactic acid was added.
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Upon irradiation of food by ionizing radiation, the number of existing microorganisms
decreases with increasing radiation dose. The inactivation responses of different microorganisms
vary depending on the nature of microorganisms and environmental conditions. It is now
accepted that lethal damage to cells is the result of chemical lesions in DNA by direct and
indirect effects of radiation. But the kinetics of cell inactivation has been expressed with a dose
dependent equation, C/Co = l-(l-exp(-kD))n , based on the classical hit and target theory. This
kinetics assumes that direct radiation effect on sensitive cellular target would suffice to produce
an irreversible damage from which the cell could not recover, and does not consider other
interactions. This kinetics may satisfy the inactivation of simple molecular models or viruses.
But it is not satisfactory for describing the inactivation of such complex dynamic sistems as
bacteria, molds and yeasts. Radiation effects on these cells may be rather complex and indirect
radiation effects, some repair of damage and occurance of nonlethal damage should also be
considered along with the direct radiation effect(Grecz et al., 1983; Pollard, 1983).

The exact mechanism of radiation-induced cell inactivation is still somewhat uncertain.
Along with DNA, radiation may simultanously interacts whith DNA - environment to produce
free radicals. In addition to the direct effects on DNA, the indirect effect of radiation via free
radical reactions may produce lethal and nonlethal changes in cell components including DNA,
and contribute to overall inactivation process. In different species DNA-associated substances
may modify direct and indirect effects of radiation differently. Most importantly, however, the
DNA in the cell is aligned with replication and repair enzymes of greatly differing effectivenes.
DNA repair processes by these enzymes are also operated by the cell in response to the damage
of radiation. Hence, sometimes a "shoulder" appears in the low dose range before the linear
inactivation begins. The ability of radiation to kill a cell is determined by the balance between
the extend of induced damage and ability of the organism to repair this damage. The cell can
alter the initial lesions including repair and/or degradation and become a modified cell(Grecz et
al., 1983; Pollard, 1983). Based on these approaches, we proposed the following reaction
mechanism for the radiation-induced cell inactivation:

M-^Ms,fast,D<Dt (1)

Ms ** > MD .slow, D,<D (2)
Where M, Ms and MD are surviving, sensitized and dead microorganisms, respectively. D is
irradiation dose and D, is the threshold dose required for sensitization before dose dependent
inactivation. The reversible first step involves a forward sensitization with radiation yield
&s(l/kGy), and a reverse repair with rate constant £r.The second step represents death with rate
constant kj. Assuming a time lag (threshold) between sensitization and death, the second step
was accepted as the rate controling slow step. By applying the kinetic approach (Tiikenmez et
al., 1991) in Eq.(l) and assuming the first step is comparatively rapid in both directions, Ms
would be in equilibrium with M, then the change rate of Ms were expresssed as follows

=ksC— (—),,v-krCs = 0 .at equilibrium (3)
d dW

ksC
dt dt

where Cs is the concentration (CFU/ml) of Ms, t is irradiation time (h), C is the concentration of
M, and E is the mean energy (kJ) imparted by radiation to the food in a volume element of the
mass W(kg) in that volume in a constant time(/). In the food mass completely irradiated,
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— ( ) , v = = D, ,Dr:constant, dD=D,dt and at equilibrium substituting Dr into Eq.(3)
dt dW dt
ksC Dr = KCs , Cs=(k/kr) DrC =K DrC where K is the equilibrium constant for Eq.(l). Since the
death rate is determined by Eq.(2), on substituting Cs, the inactivation rate:
dCo/dt = - dC/dt =kjCs=kdK DrC (4)

where Co is the concentration of dead cells. After rearranging this equation as follows
-dC/DMt^ - dC/dD= kdK C= GC (5)
expreses the dose dependency of inactivation of M with the yield G(l/kGy). In Eq.(5), separating
variables and integrating it with initial conditions, C=Co at Z>=D,(i.e., threshold dose), we obtained
InC=lnC0+GDrGD=lna-GD (6)
where Co is the original concentration of M and 'a ' is the cell number of M per milliliters at D=0.
Using experimental values a linear regression of inC vs D produces a straight line with a slop G and
an intercept lna=lnCo+GDt. The D, value was calculated from the intercept as follows
D,=[ lna-lnC0]/G (7)
By using experimental Co values and the calculated values of model parameters G and D, from
Eq.(6) and (7), the concentration of surviving microorganisms was simulated as follows
C=Coexp[-G(D-DJJ= Coexp(GDt)exp(-GD )=aexp(-GD) (8)
where n=a/Co=exp(GD() expresses the cell number per CFU at D=0. In Eq.(6) and (8), at D> D, the
decimal reduction dose (DJQ) and minimum required dose(MRD) for radiation sterilization are
Dio=D,+2.3O3/G, and MRD=D,+12x2.303/G (9)

By using the compiled experimental inactivation data (Grecz et al., 1973) of
Staphylococcus, Clostridium botulinum 51B and 33A in phosphate buffer(pH7) irradiated with
gamma radiation in the developed kinetic model, the inactivation parameters were
evaluated(Tablel). Correlation coefficients (r) of the inactivation lines in Eq.(6) indicated that the
kinetic equations in Eq.(3)-(8) and the corresponding mechanism in Eq.(l) and (2) were appropriate
(P<0.001) for describing the radiation-induced inactivation process of microorganisms.

Table 1. The inactivation parameters of Staphvlococcus, Clostridium botulinum
51B and 33A in phosphate buffer(pH7) irradiated with gamma radiation

Parameters
Co (CFU/ml)x

G(l/kGy)
r
D, (kGy)
a (cells/ml)
n (cells/CFU)
D,o (kGy)
MRD (kGy)

Microorganisms
Staphvlococcus
24000
12.0938
-0.9886
0.0320
35330
1.4721
0.2224
2.3171

C.botulinum 51B
6000
2.3127
-0.9999
0.7379
33061
5.5102
1.7338
12.6877

C.botulinum33A
1000
0.4133
-0.9896
2.5859
2912
2.9114
8.1588
69.4607

"Given values
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INSECT DISINFESTATION OF DRIED FIGS BY IRRADIATION

H. TUTLUER, M. ALABAY and Z.ARTAN
TAEA, Ankara Nuclear Research Center for Agriculture and Animal Science, Saray,
Ankara, Turkey

S.BULBUL and B.TOSUN
Union of the Agricultural Products Sales Cooperatives, Izmir, Turkey

Turkey produces around 2400 tonnes of figs annually, mostly from the Aegean
varieties, which corresponds the 75 % of world fig production. The 60 % of total
production of figs are packed and exported to different countries throughout the
world.

One of the main problems in the export trade is infestation by stored product
insects. In Turkey, the fig moth, Cadra cautella is the principal insect species. This
insect damages the fig fruit both externally and internally and, therefore, lower and
limit the export capability of this dry fruit. It has been reported to be amenable of 5-20
% of quality and 1-2 % of quantity losses in dried figs in some years.

Infestation by this insect species requires regular fumigation to comply with the
requirements of importing countries. Dry figs are broadly disinfested by using methy]
bromide which is very effective for controlling stored product insects. However, it is a
fumigant which is not so easy to handle and needs certain precautions. Also, repeated
use of this fumigant can lead to serious problem of chemical residues in the figs.
Moreover, since the United States Environmental Protection Agency banned the use of
ethylene dibromide for the post-harvest quarantine treatment of fruits and vegetables
because of its carcinogenic effect, methyl bromide has also become a suspected
carcinogen. It has also listed as an ozone depleting substance and its worlwide
production will be frozen and use will be phased out in the near future (1).

It has been reported that irradiation disinfestation could offer an important and
attractive alternative for the commodity fumigation uses of methylbromide and for
eliminating the problem of chemical residues (2). The objective of the present study is
to determine the minimum effective doses which inhibites the development of eggs and
larvae of fig moth.

Eggs of fig moth were obtained from the Union of Agricultural Products Sales
Cooperatives, Izmir. Insects were reared in incubators at 25 ± 2 C° and 65 ± 5 %
relative humidity. Viability of eggs and larvae of C. cautella on artificially infested figs
was studied by exposing to gamma radiation varying from 0 to 3 kGy. The results
showed that there is an inverse relationship between gamma radiation dose used and
vitality. It was found that a minimum of 0.3 kGy and 1.2 kGy of doses were required
to devitalize fig moth's eggs and larvae, respectively. There was no detectable
organoleptic changes at these dose levels.

The use of gamma radiation proved to be a satisfactory method of
disinfestation of fig moth, since it has resulted in complete inhibition of egg hatch and'
pupation of larvae and it could accepted as an alternative fig moth disinfestation
method to methyl bromide fumigation.
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Table 1. Effect of gamma radiation on eggs and larvae of C. cautella on the
1 lth day after irradiation

Effect of irradiation (%)*
Doses (kGy) Eggs Larvae

0.05
0.10
0.15
0.20
0.25
0.30
0.40
0.60
0.80
1.00
1.20

96.01
96.84
97.16
97.18
97.99

100.00
_

-
-

2.00
3.70
5.30

80.00
100.00

* Effect of irradiation was calculated according to Abbott formula.
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EVALUATION OF STERIN LABEL DOSIMETER TO BE USED
IN TURKISH DRIED FIGS
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Turkish Atomic Energy Authority' (TAEA), Radiation Health and Safety Department Eskisehir yolu 9.km AnkaraTlRKEY

Z.UNAL
Turkish Atomic Energy Authority (TAEA), ANTHAM, Istanbul yolu iizeri 06983 Kazan, Ankara/TLRKEY

H.TUTLUER
Turkish Atomic Energy Authority (TAEA), Eskisehir yolu 9.km AnkaraA"URKEY

Dried figs, around 55.000 mTon of which are produced anually in Turkey (about %60

of total world production ) with 30.000 mTon or more being exported (over %70 total

world export). This compares with 250.000 mTon/year of fresh figs for the domestic

market and for export, also mainly to Europe and the Middle East.

Bulk density of dried fig packs were 0.6 - 0.7 gr/cc. Theoritical calculations show

that the maximum/minimum dose uniformity ratio of 1.4 for dried figs in standard

pack in which contains 60 small packs are 1 kg each one. The same result was also

found in experiments regarding to theoritical calculation.

In this study, the Sterin-125 and Sterin-300 have been used as a new label dose

indicator for irradiation of dried figs. Sterin label dose indicator has a radiation

sensitive window which was displayed as a visiual message "NOT IRRADIATED".

After irradiation the sensitive window becomes opaque to obscure the word "NOT"

and change the visual message to "IRRADIATED".

The Sterin label indicator has attached to any product container and its sensitive dose

range between 10-500 Gy. Sterin-125 and Sterin-300 were irradiated with Co60 plane

source which has the activity 55 kCi and doserate of irradiation is 338 Gy/hr in

Gamma Irradiation Plant. 8 Sterin-125 dose indicators are separately irradiated for 10,

50, 70, 100, 125, 150, 200, 300 Gy and also 10, 50, 100, 150, 200, 500, 700 Gy for

Sterin-300. We found the response curve both of Sterin dose indicators. As one can be

seen that the label appeared compleatly dark when the irradiation dose was 300 Gy for

Sterin-300 indicators. These irradiated label dose indicators have measured by

spectrophotometer which was defined at 674 nm wavelength.In addition the changes

in the surface topology of Sterin label dose indicator irradiated 1 kGy by gamma rays

have been investigated with using Topometrix TMX2000 ExplorerAtomic Force

Microscopy AFM in contact mode.
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Topic of the Technical Sessions:
"Market Development for Irradiated Pood"

Onion has been popular food in Vietnam for the last ten years. There is
one onion harvest in March a year in the North Vietnam. The storage of
onion in Vietnam is a big problem. Due to the high temperature and humidity
95% of onion are damaged after 5 months storage. We use irradiation to
prevent onion from damage. After irradiation at the dose 50 GY only 45% of
onion are damaged after 5 months storage. This is very profitable because at
the time of 5 months after harvest the onion, price increases 4 times.

. . . However, whether or not customers accept irradiated onion is a
problem that we should concern about.

After getting the license from Ministry of Health Care we put
irradiated onion on sale at food stores in Hanoi. At each store we also put a
note: "Onion is irradiated to prevent from sprouting and licensed fey Ministry
of Health Care."

We gave green investigated vouchers to the customers who bought
irradiated onion and red ones.to the customers who just looked without
buying irradiated onion. Both kinds of vouchers had the same questions:

Question 1: Do you accept irradiated onion? Why? (If no, why not?)
Question 2: What do you know about food irradiation?

Here are the results:
I) The green vouchers: (Customers who bought irradiated onion)

• Question 1:100% accept irradiated onion with reasons:
+ Licensed by Ministry of Health Care: 84%.
+ Irradiated onion is accepted in many other countries: 16%.

Question 2:

... . • + Correct answers: 18%.
+ Incorrect and "don't know" answers: 82%.

II) Toe red vouchers: (Customers who just looked without buying irradiated
onion.)

Question 1: 100% don't accept with reason: there may be radioactive
substance in irradiated onion.

Question 2:
+ Correct answers: 3%. .
+ Incorrect and "don't know" answers: 97%.

From this result we may come up to l i e following conclusions:
1) Despite having no good knowledge of food irradiation, customers still
accept irradiated onion because they trust Law Organization. (Licensed by
Ministry of Health Care.) . .
2) In order to get a larger public acceptance of irradiation food, it is
necessary that: "—• •

__ The Law Organizations promulgate full list of all kinds of food
which may be irradiated.

_ Publicize full information about food irradiation to customers.
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Consumer Acceptance of Irradiated Food

AL-ZAZMEr, A.B and A1-ZOREK2Y, N.
Food Science i Technology Dept., Sana'a University, Republic of
Yemen

A preliminarily survey was conducted to assess consumer
awareness and knowledge bout irradiated food. Selected
groups of undergraduate students from various, scientific
institutions where .involved in the study.

Results obtained from the survey revealed that 78% of students lack
the basic knowledge about irradiated food. In fact, only 6% of them
had very simple background with respect tc irradiation as a method
of food preservation.
Comparing such results with those mentioned by
Olson(1998), in a survey in the U.S.A in which 72% of the
participants were aware of irradiation. Furthermore, 68%
of them have not eaten irradiated food while 4 2 I were
undecided. Presumably the higher portion of Undecided
ones may be attributed to non-existence of regulations
governed processing, handling, labeling and marketing of
irradiated food. In other words, such consumers were not
sure whether or not they ate irradiated commodities.
Ironically, the majority of participants (81%) were
unwilling to buy irradiated food. Consumer's attitude
towards irradiated food could be attributed to
educational levels & knowledge about irradiation.
Therefore, it is obvious from Table 1 that consumer
acceptance of irradiated food is lower in Yemen as a
developing country compared to those of industrialized
states.

In this regards, Olsan(1998) stated that 45% of consumer
in the U.S.A would buy irradiated food and only 19%,
would not. The gap is evident among consumers of both
countries with respect to information related to
irradiated food products.
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Table 1 shows the results of the survey:

Do you have any idea
about irradiated food?
Have you ever eat any
irradiated food?
Would you buy irradiated
food?
Do you think that
irradiated foods are
different from non-
irradiated food (canned
, Frozen food...etc)
Do you think that
irradiated food could
cause any hazard to
consumers?

Republic of Xenen
Yes

6

0

8

6

68

No

78

68

81

63

8

Undecid
id

16

42

11

29

21

United stat**
Yes

72

45

Ho

19

Undecid
ed

87.5

Concerning differences between irradiated and non-
irradiated food, responses {Yes/no ratios) of
participants were approximately 1:8. This again confirms
lack of information about irradiation among surveyed
groups of the study. Due to the uncertainty regarding
safety of irradiated food commodities as inferred from
data such foods, most participants (68%) were convinced
about hazards & such foods.
Psczola (1997) pointed out advantages of irradiated food
compared to those preserved by traditional methods. He
emphasized the idea of marketing the concept of
irradiation of food based on scientific principles. At
the global based on scientific principles. At the global
level, the General Agreement on Tariffs and Trade (GATT)
legalized the adoption of measures necessary for
consumers' protection as well as other biological forms
of life. The media could have posit.i ve roles in promoting
food irradiation and thus challenging falsified
statements about tho.ir safety.
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THE USE OF IRRADIATION TECHNOLOGY FOR FOOD
SECURITY AND QUARANTINE PURPOSES IN ZAMBIA

AND THE COMMESA REGION

B E. CHISHYA
Chief Investigator. Food-irradiation Project.
Food Technology Research Unit, National Institute for Scientific anki Industrial
Research, Lusaka, Zambia. '•

G. M. CHISHIMBA
AFFRA Project Coordinator.
Radioisotopes Research Unit, National Institute for Scientific and Industrial
Research, Lusaka. Zambia.

Zambia is yet to attain self-sufficiency in food, and to exploit the export
potential of its agricultural products. One of the major factors to tibis is the
high post-harvest food loss due to insect infestation, rrucrobial 'Spoilage and
physiological deterioration in food products. Significant quantities of
cereals, in particular maize the Zambia's staple food, pulses, beaos^dned
fish, etc. are lost due to insects. Meat, poultry and fish are lost due to
microbial spoilage. The contamination of these foods, includiagi.spices,
occurs due to pathogenic micro-organisms. Among the root crops in which
substantial losses are encountered in onions and potatoes mainly due to
sprouting, especially during the rain season.

The food shortage problem has been aggravated by the frequent droughts
Zambia has experienced in the last two decades To make up for the deficit
in food supply Zambia has been importing and many timesbeenreceiving
relief food, especially cereal grains, from various countries. This in itself
has compounded the problem of food shortages rather than cootributed to the
solution. Through the food imports and food aid storage insects like the
larger-grain borer, have been introduced in the country at the rinse when the
financial and technological capacity to combat these pests has shrunk. The
pest has spread rapidly through the food chain causing unprecedentjed losses
m food supplies estimated to be 10% at the national level.

The infestation of foods in storage is not confined to Zambia aleonc, but to
the neighbouring countries as well. For instance Tanzania, one 6f the

POOR QUALITY |
ORIGINAL
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countries through which Zambia receives its food imports and relief aid, has
been reported to have been invaded by the larger-grain borer. ED feet, the
Eastern and the Southern African regions have reported insect ikrfestation of
agricultural products. This is a threat not only to food security, bilt to export
earnings as well owing to quarantine regulations in the impentmg; countries.
The respective national Governments in these regions are expending huge
sums of money to control the ravaging pests. It is now feared that the
pending opening of boarders in the year 2000 for free trade between the
countries that form the trading block called COMES A (Common Market for
Eastern and Southern Africa), will make it difficult to control thejpests,
unless the national Governments concerned work together under one vested
interest, to control or rid of altogether the food storage pests. '

The issue is a question of having an economic and technological capacity to
ensure food security and conduct regional and interregional trade. The
current practice of using chemical insecticides to control food loss due to
insects, create yet another problem of environmental pollution, health
hazards, and other associated risks that may arise as a result of improper use
of the insecticides by the majority of the people who, in most cases, are
inadequately informed about the consequence of usmg insecticides.

Use of irradiation technology has been demonstrated that post-harvest losses
of food can be tremendously reduced to provide safe food supply, attain food
security-, and enhance export potential of agn cultural products in Africa
Furthermore, the chemical methods are expensive for the developing
economies in Africa, which usually depend on donor-aid. A number of
countries in the world have put in place quarantine regulations on several
agricultural commodities and continue to do so. Many again have
recognised the indispensable role of irradiation technology- for quarantine
treatment. In Africa, unconfirmed reports indicate that, South Aiiica for
instance, has dedicated irradiator for quarantine purposes at one of its ports.

Therefore, Zambia and the COMESA region can undoubtedly reap benefits
from this technology if at all the nations that form COMESA, commit
themselves to the exploitation of the technology. This is a challenge to
scientists in the COMESA region to take up this issue with their national
Governments on the advantages of the technology.
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STATUS OF IRRADIATION PRACTICES FOR
FOOD SAFETY IN EMR-WHO

DR SEMRA ULUATAM

Training and Research Adviser
Regional Centre for Environmental Health Activities(CEHA)/EMRO-

WHO
Amman, Jordan

Almost all the Member States in the Eastern Mediterranean Region
(EMR)* of WHO, spend enormous amounts of scarce foreign exchange,
annually, on food imports to supplement production shortages brought
about by crop failures, erratic weather patterns and unacceptable levels
of post-harvest losses. The region also experiences a heavy morbidity
burden from foodborne diseases. The above situation means there is
great potential in the Region for the use of food irradiation in the
reduction of foodborne diseases and tackling problems with food
shortages.

There is presently, however, very little information on the levels and
use of ionizing irradiation of food in the EMR. Available information
indicate that by 1995, five countries in the region were members of the
International Consultative Group on Food Irradiation, and that some
limited research and commercial use of irradiated food has been going
on in the Region since the second half of the 1990s. Towards the end
of 1997, EMRO/CEHA initiated efforts to collect and collate information
on food irradiation in the Region to enable a region wide evaluation and
the development of strategies. Preliminary results of the survey is
presented below.

^Afghanistan, Bahrain, Cyprus, Djibouti, Egypt, I. R. Iran, Iraq, Jordan,
Kuwait, Lebanon, Libya, Morocco, Pakistan, Palestine, Qatar, Somalia,
Saudi Arabia, Sudan, Syria, Tunisia, United Arab Emirates, Yemen

Level of utilization of technology

The irradiation of food is still in its infancy in the region. Only six out of
twenty three countries currently apply the technology either for
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research and/or commercial purposes: Egypt, I. R. Iran, Pakistan,
Morocco, Saudi Arabia and Syria. Of the six countries, three (Egypt,
I.R. of Iran and Pakistan) apply food irradiation for both commercial
and research purposes. Morocco, Saudi Arabia and Syria currently do so
only for research purposes.

Even though Kuwait report of no irradiation of food within the country,
it indicates that trial commercial marketing of irradiated food is being
conducted.
Irradiation facilities used

All the six countries presently involved in food irradiation in the EMR,
use gamma plants, with cobalt-60.

Legislation and regulation

The central government holds regulatory responsibility. Where
commercial application is being done, governmental responsibility
includes, the enforcement of food quality and safety standards, as well
as workplace and process safety assurance.

In all of the six countries currently applying the technology, the
irradiation facilities are either directly owned by State or para-statal
organizations: that is either the ministries of energy, commerce or
national atomic energy commissions/organizations. Additionally, all six
countries report of existing legislation, regulations or code for food
irradiation, and in all cases, ministerial approval must be received for
the use of irradiation for food.

Six countries (Bahrain, Kuwait, Pakistan, Qatar, Saudi Arabia, Syria)
report of established mechanisms to control the trade and marketing of
irradiated food. Of the three countries presently irradiating food for
commercial purposes (Egypt, I.R. of Iran and Pakistan), only Pakistan
report of the existence of such a mechanism. Trade control
mechanisms are being developed in I.R. of Iran. Most of the reporting
countries (nine) have specifications and restrictions for imported food.

None of the countries currently use irradiation for quarantine purposes.

Seven out of the nine respondent countries report of existing general
food inspection procedure which include packaging and labelling
requirements specific to irradiation. There is, however, the need for
assistance to strengthen inspection mechanisms, which should include
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the development of regulations and codes for detailed product-specific
labelling requirement, as it should enable effective product tracking.

Cost of irradiated foods

Irradiated food products cost between 5 to 10% more than non-
irradiated products in the I.R. of Iran. This may probably be because of
higher overhead costs due to the current limited market within the
country.

Public reaction to irradiated foods

While the public acceptance of irradiated food in the EMR has not been
subjected to extensive scientific studies, there are indications that a
generalized public apprehension exists in the Region. Egypt, I.R. of
Iran and Jordan use 'negative', 'unenthusiastic' and 'non-acceptance',
respectively, in describing public attitude to irradiated foods. There are
no public education programmes on irradiated foods in these countries.
Kuwait reports consumer acceptance to be the same as for non-
irradiated foods, even though Kuwait does not undertake in-country
irradiation of food, it is involved in commercial trial marketing.

Conclusion

The use of irradiation is still at the experimental and limited commercial
stages in the EMR. It is imperative that Member States are encouraged
to harness the great potential of the food irradiation technology, given
the current problems with food security and foodborne disease burdens.
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The microbiological contamination of foodstuffs, and food-borne diseases
in Lithuania

DanutDanutpb_rO(i@Radiation Protection Centre, Vilnius, Lithuania

Lithuania is an agricultural country, 33% of 3,7 million of inhabitants are
involved in produce of agriculture products. In 1998 they produced :

Product
1. Meat (carcass weight)
2. Milk
3. Eggs
4. Fish and fish products (without

canned)
5. Potatoes
6. Vegetables
7. Fruits and berries

Thousand tons
293,6
1929,9

792,6 (million)
6,9

1849,2
436,9
118,3

The health quality of food is one of the most essential problems of food
processing in our time. This quality is influenced in a high degree by the intensivity of
microbiological contamination.

The results of tests of the microbiological quality of food carried out in 1992-
1998 by State Public Health Centres are shown in figure 1. During the last 5 year the
microbiological contamination of foodstuffs increased from 8,4 to 11,6 %.

In accordance with Hygiene standard HN 26:1998 "Raw Materials and
Foodstuffs. Maximum Permitted Levels of Microbiological Contamination" these
microorganisms are controled in foodstuffs: total plate count, Coliforms,
Coagulasepositive staphylocci, Salmonella, Sulphitereducing Clostridia. The most
contaminated foodstuffs which did not comply with hygiene standard are fruit,
vegetable and berries products (28%), fish and fish products (18%), meat and meat
products (12%), eggs and eggs products (12%), powdered eggs (25%). About 12% of
raw chicken are contaminated with Salmonella enteritidis. The unsatisfactory
microbiological quality of processed food is determined by many factors, beginning with
obtaining of raw materials, through conditions of processing, transport, storage and
distribution.

Food-born diseases is still an important problem in Lithuania. In figure 2 is
shown the number of cases of morbidity of salmonellosis, shigellosis and other
infection diarrhoea diseases in the years 1984-1998. The number of cases of
salmonellosis per 100 000 inhabitants increased from 9,2 in 1986 to 68,8 in 1998, i.e.
more than 7 times. Other infection diarrhoea diseases from 1984 to 1998 year
increased more than 2 times (90,6 - 199,5).

The microbiological contamination of foodstuffs and food-bome diseases are
very closely related.

Food quality assurance systems are necessary at every segment of the food
chain and in every sector of the food industry to ensure the acceptable quality and
safety of food. The food industry has the responsibility of implementing quality
assurance systems, including HACCP.

Food irradiation technology is not used in Lithuania. Economic analyses for the
establishment of commercial food irradiation facilities must be discussed. Irradiation as
a critical point of HACCP cud be implemented first of all in poultry produce, fish and
vegetable processing.
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Contamination Rate of Foods of Animal Origin with Salmonella, Campylobacter and
L.monocytogenes in Cyprus and the Potential Role of Irradiation to Reduce both the
Rate and the Level of their Contamination.

Ch. K. Kakoyiannis (B.Vet. Sc, PhD)
Laboratory for the Control of Foods of Animal Origin,
Department Veterinary Services,
Ministry of Agriculture
Natural Resources and Environment,
Nicosia, Cyprus

Foods of animal origin worldwide are often contaminated with food-borne
microorganisms. Salmonella and Campylobacter are the most common bacteria agents causing
food-borne diseases. Although Listeria is not a very common food-borne microorganism,
Listeriosis has a serious manifestation in the very old and the very young, pregnant women and
in particular in the immunosuppressed people.

In Cyprus, results from our Laboratory in the last 10 years, show that poultry and quail
carcasses on the average are contaminated at the rate of 56% and 77% with Salmonella and
55% and 81% with Campylobacter, respectively. Seventy-two percent and 31% of poultry and
quail isolates were C.jejuni. The remaining were C.coli. Additionally, 26% of chicken
carcasses were contaminated with L. monocytogenes. Foods of animal origin such as beef,
minced meat, meat products and live snails, were also found to be contaminated with
Salmonella and Listeria. On the contrary, raw milk and milk products, appeared to have a low
contamination rate of 1.6% and 0.02% with Salmonella and 1.1% and 0.7% with
L.monocytogenes, respectively. Poultry eggs (contents) were found negative for the presence
of Salmonella, while egg shells had a negligible contamination rate (1,5%) with these
microorganisms. In a more dedailed investigation about Campylobacter, examining two
poultry flocks, one known to be infected with C.jejuni and the other with C.coli, it was found
after their slaughter that the mean contamination levels of poultry carcasses with C. jejuni and
C coli were 6.2X106 and 5.7X105 respectively. C. jejuni and C. coli were shown to survive
during the whole shelf life (eight days) of chilled poultry carcasses, although their numbers
were considerably reduced. On the contrary Salmonellae and Listeria are known to survive
for a long time in the foods of animal origin and can easily multiply in a wide range of
temperatures, while the later microorganism as low as at 4o C.

About 100 Salmonella food-borne cases are reported in humans (Laboratory diagnosed) every
year in Cyprus. On the contrary there is no detailed information regarding Campylobacter and
Listeria food borne-infections. It is believed that poultry carcasses and other foods of animal
origin play an important role in food-borne diseases in Cyprus. However, the intensifying of
hygienic control and the application of self control measures and the potential role of
irradiation in the future, could considerably reduce both the rate and the level of contamination
of poultry carcasses, meat and meat products with food-borne microorganisms in Cyprus and
furthermore increase the safety and quality of these products as well as of other products of
the food industry. This, would also be beneficial for the tourist industry which accounts
approximately 2.5 million tourist each year, about four times the size of the island population.

168



IAEA-CN-76/66P XA9952821

FOOD IRRADIATION FACILITIES
IN IRAN

H.Shakiba - M.Haji-saeid
Atomic Energy organization of Iran

Abstract:

In Iran, Like many developing Countries we have big losses of foods,
sometimes up to 40% of production. These losses are mainly during storage,
handling and unsuitable preservation techniques.
The study of Food Irradiation process as an alternative to traditional
methods
has been started more than 20 years ago by a small research Cobalt
Irradiator in Atomic Energy Organization of Iran (AEOI). Till 1982 the
research and investigation was in basic science only.
After installation of a Gamma Irradiator, the research on many food
products such as pistachio-nuts, dates, onion, spices and grain became more
serious and finally spices was selected for irradiation in Gamma facility.
The availability of sufficiently powerful irradiator was an important factor
to carry out the feasibility of practical irradiation for preservation and
decontamination of food.
In 1998 AEOI installed a powerful 100KW Electron Accelerator in central
part of Iran,Yazd. This Accelerator is a Rhodotron* type with two outputs
on 5Mev and lOMev, both in horizontal and vertical directions, equipped
with X-ray targets and 2500square meters storage area to give flexibility for
all kind of industrial and food irradiation.
The accelerator is capable of producing high-energy high power beams for
industrial irradiation. It is practically suitable for application which needs
high-energy radiation processing combined with high product throughput
and product flexibility.
Rhodotron operates on the basic principal that electrons gain energy when
they cross a cavity where an axial electric field exists.
The electrons are generated in a vacuum environment, which is called
electron gun and located at the outer wall of cavity. The electrons are then
drawn away an accelerated by radial electric field which transmits energy to
them. The accelerated beam is then bent by external magnets for more
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accelerating cycles. At the exit of the accelerator, the cylindrical shaped
beam of high-energy electrons is guided through beam lines to radiation

vault. Finally the beam expands back and forth across a conveyor system
carrying the product to be irradiated.
This machine also has been linked with 120Cm-width Conveyor system
that supplies the products with a velocity control mechanism to achieve the
proper radiation dose.
Quality control and checking systems has also been established with high
precision equipment's, such as a dosimetry laboratories for the
measurements of absorbed dose in the products for all ranges of irradiation
condition.
Most common type of dosimeters such as FWT,CTA, B3&B4 films,Perspex
and Ferike, calorimeters and Aluminum wedge are some examples of our
routine dosimetry which help us through this procedure.
A very well equipped microbiology laboratory is one of the most important
parts of our system, for dose setting and controlling the contamination of
products.
The polymer laboratories are also one of the best in the Country, not only
for polymer research and industrial application, but also it is useful for
quality control of material packaging.

After introducing the irradiation facilities to some industries, presently we
are irradiating a large quantity of Henna which is a very important herb in
Iran and due to it's traditional way of processing it is highly contaminated
and Irradiation with around 8KGy dose is the only solution.
We are also finalizing the irradiation of chicken food in the near future.
Within the governmental project, negotiation and investigations of radiation
technology for insect control of Pistachio and Dates are also carried out in
the past few month and these product of Iran in several thousands tons are
the most important for the export and domestic consumption.
Although the research has been carried out for proper dose and especially
for Dates, to substitute Methyl Bromide, The producers and manufacturers
are worrying about international trade of such a product.
Therefore, we come to the point that, Harmonization of regulations,
especially within the developed Countries will pay a key role in the future
success of this technology.
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Pineapples and rambutan are susceptible to serious post harvest losses

due to mould development and spoilage during storage and

transportation. Carbendazime fungicide formulations previously used to

control disease development are gradually being phased out on account

of the increasing lobby against the use of fungicides and pesticides on

food items. Thus there is an urgent need for alternative means of

controlling post harvest loss due to disease.

Two major pathogens responsible for post harvest loss of pineapples

and rambutan were identified as Ceratocytis paradoxa (Dade) Moreau,

and Gleocephalotrichum microchlamydosporum respectively. The

former causes black rot of pineapples while the latter is responsible for

brown spot disease of rambutan.

This study was conducted in order to obtain data on the in vitro

response of these pathogens to gamma irradiation, so that procedures

may be developed for in vivo application of irradiation technology as a

means of controlling these pathogens and reducing post harvest loss due

to disease.
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The pathogens were subjected to doses ranging from 0 to 3 kGy

respectively. The LD50 dose for the brown spot pathogen was

extrapolated as 0.25 kGy while that of Ceratocystis paradoxa was

observed to be 1 kGy. Complete inhibition of germination of

Gleocephalotrichum microchlamydosporum was obtained at 1 kGy,

while complete inhibition of germination of ceratocystis paradoxa was

observed at the higher dose of 2.5 kGy. Virulency of the latter pathogen

was eliminated at 2kGy, while virulency of the brown spot pathogen

was eliminated at 0.5 kGy.

It has been reported that a minimum absorbed dose of 250 Gy applied

on a commercial scale did not cause significant damage to rambutan

grown in Hawaii and irradiated in the continental United States of

America (Loaharance, 1998). Thus results from this in vitro study on

irradiation treatment of the brown spot pathogen of rambutan indicate

the possibility of obtaining effective in vivo control of this pathogen via

direct application of irradiation. However the effective in vitro dose

observed for the pineapple black rot pathogen was considerably higher.

The current observations indicate the need for studies on combined

treatments whereby effective dose levels could be reduced so as to

prevent deterioration in quality of the fruits.
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The Development and Implementation of an Integrated Commercial Irradiation
Plan for Brazil

ABSTRACT

Jose Medeiros, Tech Ion Industrial Brazil SA and Rocco Basson, High Energy
Processing, South Africa.

A Program for establishing four commercial irradiators in Northern Brazil is
presented. The first of these irradiators has recently been commissioned in Manaus
and commercial trials are underway. The second plant is at an advanced planning
stage and should be operative by 2001.

A unique aspect of the project is that Tech Ion will control all aspects of the food
supply chain and will not be solely a service irradiator. The Manaus irradiator, for
example, will process products sourced by Tech Ion in Souther Brazil and transported
to the North by truck or by boat. At Manaus, products will be packaged in retail
quantities, processed and sold to market and supermarket outlets. Export
commodities such as fish and exotic fruits will follow a similar procedure. The
technical implementation program is backed by a comprehensive research and
development effort to establish optimum doses for commodities that have not been
researched elsewhere.
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PROGRAMA DE TRABAJO EN CLAREA DE IRRADIACIÓN DE AUMENTOS

Este programa se placea en fondón de las oportunidades y necesidades de incrementar el uso de la
tecnología de irradiación para el tratamiento de alimentos ya que aunque esta tecnología ha tenido un avance
gradual a través de los años, todavía esta muy lejos de ser un proceso que se utilice a nivel comercial como
los proceso tradicionales de conservación. Aunque se ha realizado un trabajo a nivel nacional para dar a
conocería. existe desconocimiento de) 50 % de la población sobre la segundad de los alimentos irradiados y
tos beneficios de ia irradiación en la conservation de alimentos, así como de un desconocimiento en la
oportunidad de negocios por parte de ios inversionistas, esta situación hace que exista constante interés en
los diferentes sectores sobre este proceso y que varías compañías soliciten información sobre ia rentabilidad
de! proceso, control del proceso y demás temas afines.

El irradiador del IN1N se encuentra trabajando desde hace dos años a su máxima capacidad y existe
un mercado de productos secos a) que no se pude dar servicio y tampoco se pueden tratar productos frescos.

Por otro lado usuarios de la planta de irradiación solicitan con frecuencia que se realicen análisis
microbiológico de sus productos pero tampoco se ha podido dar este servicio

Teniendo actualmente una situación tan apremiante en el instituto y la necesidad de que los trabajos
que se realicen generen beneficios económicos, se propone a continuación una serie de trabajos que pueden
lograr dicho objetivo y que además han sido solicitados por varias empresas pero nunca se ha podio cotizar,
por lo que se replantean toda vez que se tiene la experiencia para poderlos planear, organizar y dirigir y
ejecutar.

A.- PROYECTOS DE INVERSION

1 - IRRADIADOR COMERCIAL PARA ALIMENTOS FRESCOS
Presentación del proyecto para la instalación de un irradiador comercial, lo que incluye:
1.1. Estudio de mercado de los servicios de irradiación de productos.
1.2. Estudio técnico de los servicios de irradiación de productos
1.3. Análisis financiero
1.4. Asesoría en iicecciamientos, selección de equipo, en la construcción y puesta en marcha del

B.- PROYECTOS DE INVESTIGACIÓN
[TITULO | OBJETIVO I APOYO/UTILIDAD
1. - Identificación de

! alimentos irradiados

Irradiación de Aguacate

Irradiación de carne de pollo
Efecto de la Irradiación en
pulpa de cangrejo
refrigerado
Irradiación de frutas

Identificar y cuamificar
compuestos formados mediaste
diferente» técnicas y en diferentes
alimentos
Aplicar la irradiación para
tratamiento cuaremenario
Incrementar vida de anaquel
Incrementar vida de anaquel.

Incrementar vida de anaquel

Apoyo de k» centros de
investigación y
universidades

Asociaciones de
productores de aguacate
Empresa Bachoco
Empresa la Costeña 1

Grupo Pulsar, Promotora
de la industria
Chihuahuense, Del Monte
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C- SERVICIOS

1. - Instalación de un laboratorio de Microbiología, el cual liene como objetivo realizar d control
TPÍcrobiobgico de productos irradiados a los usuarios de la planta de irradiación

2 - Paquete de Servicio para la empresa NGS Enterprises S. de R.L. de C V. el cual consistiría en:
• Pruebas de calidad en Productos no tradicionales o en nuevos productos para su tratamiento por

irradiación.
• Elaboración de ¡os procedimientos para d licénciamiento de una nueva instalación
• Dosimetría
• Establecimientos de programas, capacitación y entrenamiento en las áreas e seguridad radiológica,

dosimetría, mantenimiento y operación de irradiadores.
• Asesoría en ios procedimientos de normalización y reglamentación del proceso de irradiación.

TRABAJOS QUE ACTUALMENTE SE ESTÁN REALIZANDO CON APOYO DE DIFERENTES
SECTORES.

1. - PROYECTOS DE

Titulo
Aplicación de métodos
espectroscopios pars Is
identificación de frutas
irradiadas para su
comercialización

Efecto de la radiación
Gamma de Co 60 en la
calidad de Guacamole
congelado.
Efecto de las radiaciones
ionizantes sobre la
fisiología de frutos de
aguacate Hass

Objetivo
Contribuir al desarrollo
de un método para la
identificación de frutas
irradiadas para su -
comercialización

Proponer la técnica de
irradiaciÓD como medida
correctiva

Tratamiento
cuarentenario

Beneficio
Contar con la
información básica que
ayude a la reglamentación
del proceso de irradiación
para su consumo y
comercio
Evitar la perdida de
producto elaborado por
presencia de patógenos y

Contar n con un método
alternativo de cuarentena

Apoyo
Instituciones,
universidad y asociación
de mangos.
Tesis doctore]

UNAM, empresa San
Lorenzo
Tesis de Licenciatura

Colegio de
Postgraduados.
Frutas Finas Gertrudis
Tesis Doctoral. i
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