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March 31, 2003

Dr. Mark McClellan Dr. Alan Rulis

Commissioner Director, Office of Food Additive Safety
U.S. Food and Drug Administration U.S. Food and Drug Administration
14-71 Parklawn Building CFSAN OFAS, HFS-200

5600 Fishers Lane, HF-1 Harvey W. Wiley Federal Building
Rockville, MD 20857 5100 Paint Branch Parkway

College Park, MD 20740-3835
Mr, Joseph Levitt

Director, Center of Food Safety and Dr. Laura Tarantino
Applied Nutrition Deputy Director, Office of Food Additive Safety
U.S. Food and Drug Administration U.S. Food and Drug Administration
CFSAN, HFS-001 CFSAN OFAS, HFS-200
Harvey W. Wiley Federal Building Harvey W. Wiley Federal Building
5100 Paint Branch Parkway 5100 Paint Branch Parkway
College Park, MD 20740-3835 College Park, MD 20740-3835

Re: a letter dated February 26, 2003 from Public Citizen and the Center for Food Safety to
the above individuals regarding the safety of food irradiation and the FDA review of five
Food Additive Petitions (petition numbers 9M4697, 1M4727, 9M4682, 9M 4695, and
9M4696)

Dear Colleagues:

The safety of irradiated foods has been established without any doubt and has been affirmed by
the U.S. Food and Drug Administration, U.S. Department of Agriculture, Codex Alimentarius,

the World Health Organization, American Medical Association, Amencan Dietetic Association
and many other health and scientific organizations.

These agencies and organizations based their conclusion on multiple, extensive and elaborate
amimal feeding tnals using multi-generational studies, as required by the FDA for any food
additive petition. In fact, the process of irradiation has been more thoroughly studied than any
other food preservation method. Food irradiation has been studied for decades and is currently
approved by 52 governments worldwide (1).

However, Public Citizen and the Center for Food Safety recently misrepresented the preliminary
results of two German studies {from 1998 and 2001), focusing on 2-alkylcyclobutanones*
(2-ACBs), to call into question once again the safety and wholesomeness of irradiated foods.
Their interpretation and representation of the research conclusions is both scientifically inaccurate
and misleading.

Scare tactics and bogus scientific conclusions made by Public Citizen and the Center for Food
Safety must be debunked. Their efforts must be recognized as political posturing to create
unfounded doubt about a technology that is endorsed, supported or approved by every major
government, health, scientific and medical organization, to make food safer from pathogenic
bactera.

0z-1114
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Scientific support for the safety of food irradiation
1. WHO experts have stated clearly that a large number of feeding studies with irradiated foods
already constitute a powerful test that is directly relevant to the safety of 2-ACBs (2).

a. Multiple, extensive and elaborate animal feeding trials using multi-generational studies,
required by the FDA for any food additive petition, have been conducted and reviewed
to conclude that irradiated foods are safe. The diets used in the multiple-species trials
contained chicken treated with high doses of irradiation (above 59 kGy), which is 20
times higher than what is currently approved for chicken. 2-ACBs, discussed by Public
Citizen and the Center for Food Safety, were present in the animal feeding trials, but no
adverse affects on animal growth or health aspects were found. In fact, consumption of
the treated chicken was not associated with any toxicity whatsoever, including
mutagenic, carcinogenic or teratogenic activity. The tumor incidence in mice (for the
ten or so tumor types most common in mice) was lowest in those freatment groups
reared on the irradiated diets. (3,4, 5,6, 7, 8)

b. In all feeding studies involving foods that contain fats, 2-ACBs would have been
present in the treated food, irrespective of the fact that these compounds had not yet
been identified. The nature of feeding tests is such that detection of any toxic activity
does not require that the food constituent responsible for that toxicity be known
beforehand. In this approach to the determination of food safety, the presence of a
toxic hazard is revealed as a functional impairment of some kind, in the test animals;
conversely, absence of functional impairment can be taken as evidence of the absence
of toxic hazard. (3,4,5, 6,7, 8)

2. A recent statement from the Scientific Committee on Food, part of the European
Commission’s Health and Consumer Protection Directorate-General, Statement of the
Scientific Committee on Food on a Report on 2-alkyicyclobutanones (2-ACBs), further
substantiates the safety and wholesomeness of irradiated foods. The statement, based on a
review of irradiation studies, including work conducted by Dr. Delincee in 1998 and 2001
(the same studies cited, misinterpreted and misrepresented by Public Citizen and the Center
for Food Safety), states, “Reassurances as to the safety of irradiated fat-containing foods can
be based on the results of the large number of feeding studies camed out with irradiated
foods...”

3. The European Commission’s statement also indicates that Dr. Delincee’s work, done with
purified synthetic 2-dodecylcyclobutanones (2-DCBs), is not suitable as a basis for
evaluation of the safety of consuming irradiated foods. WHO has issued a similar statement,

4. The work of Delincee, et al., referred to in the Statement of the Scientific Committee on
Food on a Report on 2-alkylcyclobutanones (2-ACBs), was not conducted using 2-DCBs
generated in irradiated foods, but rather involves high concentrations of chermcally
synthesized 2-DCBs, tested primarily in in vitro systems. Chicken irradiated to 59 kGy have
2-DCB levels of 0.017 mg/gm (3, 4, 5, 6, 7, 8), whereas the Delincee studies used up to 1.25
mg/gm 2-DCBs in their experiments, which is beyond any level relevant to normal food
consumption. Such studies are not directly applicable to real world situations involving
consumption of irradiated foods.
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5. When assessing Dr. Delincee’s work in the context of other research on the safety of food
irradiation, it would be useful to look at the work of Dr. Ames, professor and head of
biochemistry at University of California, Berkeley, and his colleagues. This group has
demonstrated that humans commonly and routinely ingest natural carcinogens and mutagens
in amounts at least 10,000 times greater than their ingestion of man-made compounds (such
as pesticides). They conclude that many of these natural toxins are found in some of our most
“healthy™ foods.

In conclusion, it is important that we keep in mind that Public Citizen and the Center for Food
Safety are not nationally or internationally recognized scientific organizations. They are
politically driven groups and their statements do not represent the views of the global scientific
community. As such, they should have no influence on decisions about pending petitions, which
should instead be based on the preponderance of sound scientific evidence.

Sincerely, : / Sincerely,

Donald Thayer, MS, PhD

Former Research Leader for the Food Safety
Intervention Technologies Unit, USDA, ARS,
ERRC

Morton Satin

Former Director and Chief of Agro-Industnies,
United Nations Food and Agricultural
Organization

Former Executive Director of the International
Food & Agri-Business Management
Association

* 2-ACBs are a group of compounds derived from fatty acids, of which 2-DCBs are an example derived
from palmitic acid.
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Report on meetings of expert committees
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Report by the Secretariat

HIGH-DOSE TRRADIATION: WHOLESOMENESS OF FOOD IRRADIATED WITH
DOSES ABOVE 10 kGy

Geneva, 15-20 September 1997*
Main recommendations

1. A Joint FAO/IAEA/WHO Study Group was convened to assess the safety and nutritional
adequacy of food irradiated to doses above 10 kGy. Drawing on more than four decades of research,
including some 500 references, the report identifies several conditions and procedures that constitute
good irradiation practices for specific applications. It also considers the principles of risk assessment
which are important for compliance with the Agreement on Application of Sanitary and Phytosanitary
Measures of the World Trade Organization.

2, This report should be seen as a companion document to an earlier report of a Joint
FAQ/TAEA/WHO Expert Committee on the Wholesomeness of Food Irradiation which examined the
safety aspects of irradiation of food up to an overall average dose of 10 kGy.> That report did not
address the safety of wrradiation at doses above 10 kGy because of the lack of sufficient data to
perform evaluation at that time and because most of the important applications of irradiation required
doses less than 10 kGy. The two reports, along with a scientific update of the 1981 report,’ present
sound scientific evidence that food irradiated to any dose appropriate to achieve the intended
technological objective is both safe to consume and nutritionally adequate. The study group further
concluded that no upper dose limit need be imposed, and that irradiated foods are deemed wholesome
throughout the technologically useful dose range from below 10 kGy to envisioned doses above
10 kGy. The study group recommended that the use of food irradiation, with direct benefits for food

! The Regulations for Expert Advisory Panels and Committees provide that the Director-General shall submit to the
Executive Board a report on meetings of expert committees containing observations on the implications of the expert
committee reports and recommendations on the follow-up action to be taken.

2 WHO Technical Report Series, No. 890, 1969,
* WHO Technical Report Series, No, 695, 1981,
* Safety and nutritional adequacy of irradiated food. Geneva, World Health Organization, 1994.
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safety and food availability, be actively encouraged through steps involving standardization,
communication, and education in this area.

3. Regarding radiation chemistry, the report reviews studies of the chemical changes in foods and
food constituents detected afier high-dose irradiation, giving particular attention to the complex
physical and physicochemical processes observed in muscle foods. Consistent with the principles of
commonality and predictability, the report concludes that the testing of individual foods is not
necessary.

4, Regarding the nutritional effects of high-dose irradiation on macro- and micronutrients, the
report confirms the commonality and predictability of radiation effects. It also supports the conclusion
that irradiated foods are, from a nutritional viewpoint, substantially equivalent or superior to thermally
sterilized foods.

5. Examining the effects of irradiation on microorganisms and the factors influencing their
radiation resistance, the report concludes on the basis of extensive evidence that high-dose irradiation
is no different from thermal processing in producing shelf-stable, microbiologically safe foods.

6. The toxicological safety review of findings from a considerable number of animal investigations
and clinical studies using human volunteers, supports the conclusion that irradiated foods using a
variety of sources under a variety of conditions are toxicologically safe for human consumption.

7. The report stresses the importance of packaging in facilitating irradiation processing, protecting
irradiated food from recontamination, and maintaining the quality of the food. In this regard, the report
describes the processing and environmental conditions and control procedures that are essential for
ensuring that a food product is sterilized within the targeted dose range.

Significance for public health policies

8. The report and the various reviews and assessments it contains provide valuable information on
the importance of high-dose food irradiation as a food technology, its safety with regard to human
health and the environment, and the regulatory and manufacturing controls necessary to assure its
proper use. 1t highlights the two applications of food irradiation that can contribute significantly to
human health and well-being, namely: the elimination or reduction of certain foodborne pathogens,
thus making food safer; and the preservation of food through the destruction of pests and retardation of
food deterioration, thus increasing the supply of high quality food.

9. Responding to growing concern over the microbiological safety of food supply, the report
reviews extensive evidence on the safety and efficacy of average doses higher than 10 kGy which are
needed to ensure that food items, particularly meat and poultry, are rendered consistently free of
pathogens. High-dose irradiation is also used for the decontamination of low-meisture products, such
as spices, herbs, and dried vegetables, the preparation of sterilized meals or meal components for
hospitalized patients, and the production of shelf-stable hygienic products that reduce the need for
refrigeration and frozen storage. This application is also important for public health as it can facilitate
safe food distribution under tropical and subtropical conditions.

10.  In addition to reducing the risk of foodborne disease, the potential role of food irradiation in
promoting nutritional status is also significant, and important for public health, Good nutritional status
can ward off infections and reduce the risk of some noncommunicable diseases such as cancer. It
requires that food should be safe, available and affordable. The food preservation capabilities of
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irradiation can contribute to this by improving both the quality and quantity of the world’s food
supply.

Implications for the Organization’s programmes

11.  Inregard to its contribution to food safety, food irradiation may be one of the most significant
contributions to public health made by food science and technology since the introduction of
pasteurization. The Member States of WHO are encouraged to consider all possible measures to
eliminate or reduce pathogens in food, and improve their supplies of safe and nutritious food.

12.  WHO must continue to bring into focus the potential health benefits of a technology which is
controversial among consumers. As already stressed by WHO, food irradiation should not be seen as a
panacea to all the various food safety and supply problems humanity is facing. On the other hand, food
irradiation is a perfectly sound food processing technology which can make available to consumers
food products which have an additional margin of safety.

13, WHO must help disseminate accurate information on this technology and promote dialogue
with consumers in order to prevent unwarranted rejection or limitation which might endanger public
health and deprive consumers of the choice of foods processed for safety.

WHO EXPERT COMMITTEE ON BIOLOGICAL STANDARDIZATION

Forty-eighth report
Geneva, 27- 31 October 1997*

Main recommendations

14.  The WHO Expert Committee on Biological Standardization reviews developments in the field
of biological substances used in medicine, and recommends procedures to assure their quality, safety
and efficacy, including the establishment of international reference materials.

15. The use of international reference materials for designating the activity of biological
preparations used in prophylaxis or therapy, or for ensuring the reliability of diagnostic procedures,
allows comparability of data globally. Based on the results of international collaborative studies, the
Expert Committee established 14 new or replacement international reference materials. Six existing
reference materials were discontinued.

16. The Committee adopted requirements for the production and control of inactivated tick-borne
encephalitis vaccine. Tick-borne encephalitis is an acute viral infection caused by two closely-related
viruses of the Flaviviridae family and transmitted to humans by ticks. The disease is endemic in
forested areas in central Europe and in Asia, where vaccination is considered an important public
health measure. The requirements have been formulated to take account of current manufacturing
processes and controls and provide for production of vaccine in chicken embryos or on continuous cell
lines.

" WHO Technical Report Series, No. 889 (in press).
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17.  Guidelines for thromboplastins and plasma used to control oral anticoagulation therapy were
adopted. They represent the current state of the art, reflect major changes to the previous requirements
established in 1983, and were drawn up after extensive consultation and discussions with international
associations and experts. The guidelines pave the way for more effective treatment of millions of
patients suffering from thrombotic disorders.

18. The Committee alsc adopted an amendment to the requirements for the potency test to be
performed by manufacturers on recombinant hepatitis B vaccines, Since the original requirements
were established in 1989, in vitro potency tests based on ELISA have been developed. The
amendment to the requirements permits the use of such tests validated by correlation with the immune
response in humans, or with results obtained in mouse immunogenicity tests.

Significance for public health policies

19, WHO’s biological standardization activities are important to both developing and developed
countries. The WHO Expert Committee was established in June 1947 and during the past 50 years its
work has had a significant impact on improving public health globally. Today, however, the increasing
complexity and sophistication of biologicals, and the number of biological products coming into
clinical use, present a considerable challenge, especially for the developing world. The sensitivity and
high profile at international level of the biologicals field call for effective control measures based on a
sound scientific foundation.

20.  The Fiftieth World Health Assembly (1997) adopted resolution WHAS0.20 on the quality of
biological products moving in international commerce. It acknowledged the need to strengthen
WHO’s standardization activities to meet the challenges of the twenty-first century and requested an
independent review of WHO'’s activities in this field. The Committee noted that the review was under
way and would recommend measures to strengthen WHO's ability to respond to scientific
developments in a timely manner and advise effectively on procedures for assuring the quality, safety
and efficacy of biological and biotechnological products used in medicine.

Implications for the Organization’s programmes

21.  The Expert Committee on Biological Standardization provides up-to-date recommendations on
the quality and safety of biological substances used in medicine, and ensures the availability of
necessary international reference preparations. Its work enables WHO to fulfil its constitutional
responsibilities in this area.

22, The importance of the information and recommendations in the report stresses the need for the
decisions of the Committee to be made available as rapidly as possible, and widely disseminated to
national control authorities, national control laboratories and manufacturers of biologicals. 1t was
therefore decided to publish a summary of the report in the scientific literature before formal
publication in the WHO Technical Report Series.

23.  The observations, conclusions and recommendations of the Expert Committee also have
important implications for a number of WHO activities, in particular in the areas of vaccines and
immunization, with regard to the provision of timely requirements and reference preparations for
assuring safety and quality of vaccines; and of safety of blood and blood products, with regard to the
provision of reference preparations for standardizing essential diagnostic assays for the detection of
virological contaminants.
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EVALUATION OF CERTAIN VETERINARY DRUG RESIDUES IN FOOD

Joint FAO/WHO Expert Committee on Food Additives
Fiftieth report
Rome, 17-26 February 1998"

Main recommendations

24.  The Committee made recommendations on residues of several veterinary drugs in food of
animal origin. The report also contains general consideration of items relating, inter alia, to the
neurotoxicity of anthelminthic agents belonging to the avermectin and milbemycin classes of
compounds and the evaluation policy of the Committee in recommending maximum residue limits
(MRLs) for veterinary drugs in food.

25. The Committee evaluated five anthelminthic agents (eprinomectin, febantel, fenbendazole,
oxfendazole, and moxidectin), seven antimicrobial agents (gentamicin, procaine benzylpenicillin,
sarafloxacin, spectinomycin, chlortetracycline, oxytetracycline, and tetracycline), three antiprotozoal
agents (diclazuril, imidocarb, and nicarbazin), one glucocorticosteroid (dexamethasone), one
production aid (recombinant bovine somatotropin), and one tranquillizing agent (azaperone).
Acceptable daily intakes (ADIs) were established either at the current or previous meetings for all of
these substances. MRLs were recommended for all but dexamethasone, for which an acceptable
analytical method for monitoring purposes was not available.

26. 'WHO has also published summaries of the toxicological and related information upon which the
safety assessment of the veterinary drugs was made.” FAO will soon publish summaries of the residue
information which formed the basis for the recommended MRLs.?

Significance for public health policies

27.  The Committee noted the complexity of the risk assessment process, which required assembling
and analysing all the relevant data; interpreting studies of carcinogenicity, mutagenicity, reproductive
toxicity, developmental toxicity, antimicrobial activity, and other effects; extrapolating to humans
effects observed in experimental animals; and assessing risk to humans based on available
toxicological, epidemiological, and microbiological data.

28, Although the need is universal, only a few scientific institutions can undertake such assessments
at this stage. It is therefore important to provide all Member States with valid information on both the
general aspects of risk assessment and the specific veterinary drugs covered in this report.

29.  The recommendations of the Committee are used by the Codex Alimentarius Commission for
establishing international food standards, including standards for residues of veterinary drugs in foods.
Such standards are established only for substances that have been evaluated by the Committee and
have been allocated an ADI. This ensures that food commodities in intemational commerce meet strict
safety standards.

' WHO Technical Report Series, No. 888, 1999.
? Toxicology evaluation of certain veterinary drug residues in Jood. WHO Food Additives Series, No. 41, 1998,

? Residues of some veterinary drugs in animals and foods. FAO Food and Nutrition Paper No. 41/11 (in press).
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Implications for the Organization’s programmes

30.  The evaluation of chemicals in food by the Committee is an ongoing activity. Four meetings of
the Joint FAO/WHO Expert Committee on Food Additives are scheduled each biennium to evaluate
residues of veterinary drugs in food, food additives, and contaminants.

31.  WHO cooperates with and contributes to the Joint FAO/WHO Food Standards Programme,
which acts as the secretariat for the Codex Alimentarius Commission. Because the Committee’s
evaluations are required for progress with proposed standards, its evaluations are crucial to the work of
the Codex Alimentarius Commission.

32, Regional offices and WHO Representatives in countries use the Committee’s evaluations when
advising Member States on food safety regulatory programmes.

WHO EXPERT COMMITTEE ON MALARIA

Twentieth meeting
Geneva, 19-27 October 1998!

Main recommendations

33.  Despite considerable progress in malaria control over the past decade, malaria remains a serious
public health problem, particularly in Africa, south of the Sahara, where about 90% of clinical cases
occur. Malaria, either alone or in combination with other diseases, is estimated to kill at least
1.1 million people worldwide each year, with over 2000 million people remaining at risk. This report
reviews the progress made since 1992 in implementation of the global malaria control strategy and
analyses the effect of health sector reforms on malaria control programmes. It also discusses the
importance of the Roll Back Malaria project.

34.  With regard to disease management and drug resistance of malaria parasites, the report
recommends that greater efforts should be made by national governments, health services and partners
in malaria control to ensure that all populations at risk have easy access to antimalarial drugs of good
quality, which are locally effective and affordable, and formulated and packaged to optimize
compliance. Monitoring of the efficacy of recommended treatment options should become a regular
activity of all malaria control programmes. In the general health services, particular attention should
be given to training in the management of severe febrile disease, including emergency measures at the
primary care level.

35. The report also provides guidance on how to predict, prepare for, control and prevent malaria
epidemics which threaten large areas of the world.

36. Among disease prevention measures, the use of intermittent treatment for pregnant women in
their first or second pregnancy with an effective, preferably one-dose, antimalarial drug is
recommended in highly endemic areas. Integrated and selective vector control is recommended as a
means of reducing reliance on persistent chemical insecticides. Large-scale operational use of
insecticide-impregnated materials should be actively promoted, especially in stable malaria areas in

! WHO Technical Report Series, No. 892 (in press). Extract of conclusions and recommendations in Annex.
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Africa, south of the Sahara. Restrictions on DDT for public health use should be accompanied by
technical and financial mechanisms to ensure that effective malaria control is maintained,

37. In terms of surveillance, the report stresses that accurate epidemiological information is
essential for assessing public health needs and monitoring malaria control programmes. It
recommends the use of a number of standardized case definitions and indicators. It also emphasizes
the need for operational research at national level, to make programme activities effective and
responsive to changing epidemiological situations.

Significance for public health policies

38. Health sector reforms are under way in many malaria-endemic countries to improve the
effectiveness of publicly financed health services in contributing to health outcomes in a resource-
efficient manner. The report deals with the potential implications for malaria control activities of the
following aspects of health sector reform: organizational reforms, with special reference to
decentralization of planning and budgeting authority; health financing reforms; and increased
partnerships with communities and private health care providers. The effective management of malaria
control activities requires that, in the process of decentralization, some functions such as coordination
should be carried out at central level. Decentralization has important benefits for malaria controel as the
decision-making and planning capacity is based where problems occur. It is essential, however, that
responsibility for the implementation of malaria activities at the district and subdistrict levels should
be accompanied by adequate funding and logistical support.

39. Regarding health-care financing reforms, the report stresses that the capacity to provide prompt
and effective treatment is crucial to the success of malaria control efforts, and it is important to
maintain or build up this capacity whatever the changes introduced in the financing system. The report
assesses the impact of user charges on the quality and timeliness of care obtained through publicly
funded facilities. It concludes that public funds must be used in a way that ensures availability,
affordability, and high quality of antimalarial drugs. A critical analysis of countries’ experience with
decentralization of the health care system and health care financing reforms should be undertaken in
order to elaborate appropriate guidance on this process.

40. Community groups and the private sector are increasingly involved as partners in malaria
control. This is a slow but continuous process. Malaria control programmes need to evolve in order to
work effectiveiy with private sector providers and make them aware of advances in knowledge about
malaria and case management. Simultaneous provision of widely available curative treatment,
insecticide-treated materials and chemoprophylaxis for pregnant women may be possible as
community involvement increases.

Implications for the Organization’s programmes

41. Malaria has been identified as a high-priority disease by governments of endemic countries, and
there is growing political commitment to control it. The Roll Back Malaria project, a worldwide
partnership launched by WHO, aims to reduce the global burden of malaria through interventions
adapted to local needs and strengthening of the health sector.

42.  The experts welcomed the initiative taken as a major development in the fight against malaria.
The report endorses the technical basis of the project.
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ABSTRACT

Results of nutritional, genetic, and toxicological studies of
shelf-stable chicken sterilized by ionizing radiaiton are pre-
sented. No evidence of genetic toxicity or teratogenic effects
in mice, hamsters, rats, and rabbits was observed. There was
an upcxplained reduction in the hatchability of eggs of
Drosophila melanogaster reared on gamma-irradiated meat. No
treatment-related abnormalities or changes were observed in
dogs, rats, or mice during multigeneration studies. These nutri-
tional, genetic, and toxicological studies did not provide defini-
tive evidence of toxicological effects in mammals due to inges-
tion of chicken meat sterilized by ionizing radiation.

This report presents results of comprehensive nutri-
tional, genetic, and toxicological smdies of chicken
sterilized by ionizing radiation which were initiated by
the U.S. Army in 1976 and completed in 1984. From
1940 to 1953 exploratory research in food irradiation was
sponsored by the Department of the Army, the Atomic
Energy Commission, and by private industry (12,13). In-
dustrial scientists in 1955 reported the results of a multi-
generation feeding study in which three generations of al-
bino rats (2685 animals) were fed electron irradiation-
sterilized raw ground beef or non-irradiated beef (30).
There was no evidence of toxicity or decrease in nutri-
tional value of the raw meat due to the irradiation treat-
ment. The U.S. Army tested 54 irradiated food items rep-
resenting virtually every food class in a series of short-
term acute toxicity smdies (2,710,13,23,32,35,39). No
toxic effects were identified and a second phase was in-
itiated consisting of short-term studies with human volun-
teers. A total of seven 15-d tests were conducted in
which irradiated foods constituted 32 to 100% of the
caloric intake of the test subjects (29). At the start, dur-

'Eastern Regional Research Center, Agricultural Research Service,
U.5. Department of Agriculture.

22706 Delaware Avenue, No. 2, Huntington Beach, CA 92646.

Martec Pharmaceutical Inc., 127 W. [0th Street, Kansas City, MO
64105,

YColorado Animal Research Enterprises, Fort Callins, CO 80524.
JPathology Associates, Inc.. 418 Cormoram, Fort Colling, CO 80525.
SRalsion Purina Company, St. Louis, MO 63164,

ing, at completion, and ! year after completing climical
laboratory and physical examinations were carried out.
No adverse effects were noted from consumption of the
irradiated foods (29). In 1956 systematic, long-term ani-
mal feeding studies were initiated to determine the toxic-
ity and nutritional quality of 22 representative irradiated
foods (72). These foods were fed to rats, dogs, mice,
and monkeys for 2 years to determine possible chronic
toxicological effects, carcinogenicity, and nutritional ade-
quacy. The effects of ingestion of these foods on growth,
reproduction, longevity, lactation, tumer incidence, his-
topathology, and evidence of metabolic changes were as-
sessed, These tests continued through 1964 and-con-
formed to the best current (pre-GLP) standards. Problems
unrelated to safety were encountered. In 1965 it was con-
cluded that these problems were related to animal nutri-
tion and not to the irradiation processing of foods, and
further, that food irradiated to an absorbed dose of 56
kGy was safe and nutritionally adequate (/2,37).

The U.S. Army petitioned the FDA for clearance of
raw bacon, packed in vacuo and irradiation sterilized (45
to 56 kGy at 5°C); clearance for this product was granted
in February 1963. Additional clearances were granted for
irradiation ¢f wheat and wheat products for insect disin-
festation in August 1963, and for irradiation of white
potatoes for sprout inhibition in June 1964.

In 1968 the FDA rescinded the approval of the ir-
radiated canned bacon regulation, stating that a careful
analysis of all submitted data indicated significant adverse
effects in animals fed irradiated food, and that major de-
ficiencies existed in the design rather than the conclusions
of some experiments (4,37,36). There was a 20.7% de-
crease in surviving weaned young in rats fed a diet con-
taining bacon irradiated with 27.9 kGy and those rats fed
a diet containing bacon irradiated with a 55.8 kGy dose
had a 28.7% decrease in surviving weaned young when
compared with animals on the unirradiated diet (4¢,37,38).

The FDA and the National Research Council of the
National Academy of Sciences cooperated with army sci-
entists to deveiop new protocols for greatly expanded ani-
mal feeding studies of irradiated beef, ham, pork, and
chicken (7.6,.37). The study of the nutritional value and
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wholesomeness of chicken products sterilized with ioniz-
tng radiation was contracted to Raltech Scientific Services
of St. Louis, Missouri in 1976; however, additional work
was performed as part of the study at several other in-
stitutions. Those studies are reviewed in the following
paragraphs since they form an essential part of the whole-
someness studies.

The detrimental effects of ionizing radiation, even at
cryogenic temperatures, on the content of the water-solu-
ble vitamins niacin, thiamin, riboflavin, and pyridoxin in
meats is well documented (2,78,19,34). Accordingly,
studies were conducted at the Letterman Army Institute
of Research to determine if freezing, thermal processing,
or ionizing radiation produced factors which were an-
tagonistic to vitamins B; and Bg in the diets of rats. To
identify possibly antithiamine properties of the test diets,
male and female weanling rats (156 each) were made
thiamine-deficient on a semi-purified diet lacking
thiamine. The animals were then repieted with the vari-
ous test diets containing chicken and either marginal (3
mg/kg) or high (20 mg/kg) levels of thiamine. Recovery
rates were monitored by weight gain and measurements
of erythrocyte transketolase (26,27). In a similar study,
to determine if freezing, thermal processing, or ionizing
radiation produced factors antagonistic to pyridoxine (Bg)
male and female rats (156 each) were made vitamin Bg-
deficient by feeding a semi-purified diet devoid of the
vitamin. The animals were repleted with the various test
diets containing either marginal (2.5 mg pyridoxinesHCV
kg) or high (12 mg/kg) levels of vitamin Bs. Recovery
rates were monitored by growth (weight gain} and mea-
surements of pyridoxine-dependent biood enzymes
{plasma and red cell aspartate aminotransferase and
alanine aminotransferase). Experimental details are avail-
able from the National Technical Information Service
{28). No evidence of antithiamine substances was found
in either gamma- or electron-radiation sterilized chicken
(26,27}, No evidence was found for anti-vitamin Bg ac-
tivity in electron-irradiated chicken and minimal activity
was found in gamma irradiated chicken (28).

Responsibility for supervision of the Raltech Scientific
Services contract was transferred from the U.S. Army to
the Department of Agriculture in October 1980. The re-
ports were reviewed and accepted in their final form in
1984. This manuscript reports the major findings of the
studies conducted at Railtech Scientific Services.

MATERIALS AND METHODS

Irradiation technology

The cobalt-60 and 10 MeV electron accelerator food irradia-
ton facilities and their operation at the U.S. Army’s Natick
Research Development Laboratories was described by Mac-
Donald et al. {25). The dosimetry which was used in support
of the toxicological studies was described by Jarrett and Halli-
day (17). The actal operational conditions and citation of
dosimetry records during the irradiation of the chicken products
was described by Wierbicki (40,41).

Packaging technology

Descriptions of cans and flexible packages, their use, limits,
and evaluations for packaging of the chicken products used for
the toxicological studies were determined by Killoran and co-
workers (20-22). The frozen gamma- and thermally-sterilized
chicken products were canned in vacuo in 404 % 309 mm
epoxy-phenolic-enamel lined cans. The flexible packages were
165 mm X 208 mm and fabricated with 0.025 mm
polyiminocaproyl {nylon 6) as the outside layer, 0.0090 mm
aluminum foil as the middle layer, and 0.051 mm polyethylene
terephthalate polyethylene as the food contacting layer. The
pouches were vacuum-sealed (47).

Processing of chicken meat

A total of 135,405 kg of 1.36 to 1.59 kg carcass weight
broilers (230,000 chickens) were processed for the studies. The
carcasses were hand deboned and the skins with subcutaneous
fat were separated from the meat. The blended product con-
tained 18% skin and 82% lcan meat with a total fat content
of 12-13%. To each 100 kg of meat and skin were added 0.75
kg of NaCl and 0.30 kg of sodium tripolyphosphate. The meat,
skin, and additives were mixed in vacuo, stuffed with cellulose
casings, and heated to an internal temperature of 73-80°C to
inactivate enzymes. This process required 9-11 h and yielded
87% of the formula weight. Complete details of the poultry pro-
cessing were described by Wierbicki (40,41 }.

Meat which was to be used as a frozen control (FC) was
canned in vacuo and then frozen. Meat which was to be used
as a thermalty processed (TP} control was canned in vacuo and
thermaily processed at 115.6°C to a sterility level of F,=6.
Diet GAM contained the enzyme-ipactivated chicken meat
which was canned in vacuo and sterilized by exposure to

.gamma radiation at —25 = 15°C from a ®°Co source. The mini-

mum absorbed dose was 46 kGy; the maximum absorbed dose
was 68 kGy at an average dose rate of 578 Gy/min. The dose
rate was 670 Gy/min in May 1976 when the first product was
sterilized and had decreased to 521 Gy/min when the last batch
of product was sterilized. Diet ELE contained the enzyme-inac-
tivated chicken which had been vacuum-packed in 26-mm thick
slices in laminated foil packages and sterilized by exposure 1o
10 MeV clectrons at -25°C #+ 15°C. The minimum absorbed
dose was 45 kGy and the maximum 68 kGy with the average
58 kGy.

Protocol

The nutritional, genetic, and toxicological studies fall into
four general classes: (a) nutrition studies; (b) teratology studies;
{c} chronic toxicity, oncogenicity, and multigeneration repro-
ductive studies; and (d) genetic toxicity studies. The complete
protocols for the toxicology studies are available from the Na-
tional Technical Information Service (/,6,). Additional experi-
mental detail may be found in each technical report.

Diets

Five diets were evaluated, designated CLD, FC, TP, GAM,
ELE. CLD was the negative or husbandry control diet and
served as the carrier for the chicken meat in the other four
diets. Diet CLD was the commercially available ration from the
Ralston Purina Company appropriate for the species under
study: Formulab Chow for rodents (CD-1 mice, Sprague-Daw-
ley rats, Syrian Golden hamsters), Rabbit Chow for New Zea-
land White rabbits, and Lab Canine Diet for beagle dogs. Diets
FC, TP, GAM, and ELE each centained, on a dry weight basis,
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65% of the CLD diet and 35% chicken meat processed as de-
scribed above.

The test chicken meats for the nutritional studies (FC, TP,
GAM, and ELE) were lyophilized and processed through a food
cutter (Mode! 8181D, Hobart Manufacturing Co., Troy, OH)
to achicve uniformity in particle size and incorporated into the
diet formulation to average 12.0% protein on a dry weight
basis. The diet formulations conformed to the 1975 AQAC (3)
specifications with the exceptions that the vitamin mix was
stabilized by the addition of 1.0% butylated hydroxytoluene
(BHT); a modification of the mineral mix of Wilcke et al. {42)
was used, and the fiber content was adjusted to 1.6% rather
than to 1.0% because of the fiber content of the CLD.

Nutritional studies

The nutritional studies examined the protein efficiency ratios
(PER) for rats and mice and evaluated the possible antivitamin
effects of the irradiation sterilization of meats. ANRC Casein
was added as the reference standard diet for evaluation of PER
using 10 male and 10 female weanling (58-62 g) Sprague-Daw-
ley rats housed individually for each of the six dictary protein
sources {35). The PER of each test diet was calculated as the
grams of weight gain per gram of protein intake over the 28-d
test period. A separate PER value was obtained for each ani-
mal. These values were averaged for cach sex by diet group.

Genetic toxicology studies

Four genetic toxicology studies were conducted by Raitech
Scientific Services. In the first, the plate incorporaiton protocol
for the Salmonella/mammalian microsome mutagenicity assay
(3) using Salmonella typhimurium was modified since the test
meat contained histidine (Ames et al., 1979. Supplement to the
methods: paper. Received by direct mail with test cultures from
laboratory of B. Ames}). The tests employed S. ryphimurium
TA1535, TA1537, TA1538, TA100, and TA98. Strain TA1535
detects mutagens which cause base-pair substitutions. Strains
TA1537, TA1538, TALG0, and TA98 detect various kinds of
frameshift mutagens. Samples of chicken were homogenized in
a Waring blender, and 10-g samples were blended in a Sorval
Omini-mixer for 2 min with 19 mi of sterile deionized water
plus | ml of dimethylsulfoxide (DMSOQ) solution (1/3 DMSO,
23 deionized water) containing the known mutagen (positive
control} or with 20 ml of sterile deionized water without muta-
gen or DMSO solvent (test samples). The homogenate was cen-
trifuged at 4°C for 90 min and the supernatant fluid filtered
through sterile glass wool. The positive control mutagens were
prepared to give approximately the same concentrations as those
expected in the spiked chicken meat extracts with the same ratio
of DSMO to water. The pesitive controls were 4-nitroguinoline-
N-oxide ((6.25 pg/ml for control and 12.5 pg/ml of reaction
mixture in chicken extract), 9-amincacridine (100 p /ml for
control and 500 pg of reaction mixture for chicken extract),
Z-aminofluorene (100 pp/ml reaction mixture), N-methyl-N'-
nitro-N-nitrosoguanidine (10 ug/ml for control and 20 pg/mi
of reaction mixture for chicken extract), and benzo{a)pyrene (40
pg/ml of reaction mixture). Appropriate concentrations of muta-
gens were determined by preliminary experiments (24). The
reaction mixture consisted of 1 ml of an ovemight culture of
the tester strain in Oxoid Nutrient Broth No. 2 (1-2 x [0°
viable cells/mi}; 1 ml of the chicken extract filtrate or mutagen
in DMSO solution; and when required, | mi of S-9 mixture,
The reaction mixture was mixed with a Vortex Genie-mixer and
incubated at room temperature (22°C) for 2 h. At the end of

the incubation period 25 ml of sterile physiological saline solu-
tion were added to each centrifuge tube and thoroughly mixed.
The tubes were centrifuged for 30 min; the clear supematant

- liquid was decanted; and the packed cells were brought to the

original volume (1 ml) with sterile physiological saline soluticn,
A 0.I-ml] portion of the suspension was incorporated inte the
top agar and plated. Triplicate plates were prepared for each
test solution. The plates were incubated for 48 h at 37°C and
the entire test was repeated on a separate day. This extraciton
procedure was developed from a series of preliminary experi-
ments (24). The criterion was to use the procedure that, yielded
the optimum concentration of mutagen recovery from the chick-
en that gave a positive result and minimized the toxicity to the
tester strains. '

To test for sex-linked recessive lethal mutations, Canton-S
type male Drosophila melanogaster were exposed to the test
diets as they developed from eggs through the three larval in-
stars to pupae and through adulthood (37). To expose the larval
stages of the flies, the blended chicken meats were incorporated
into Raltech Scientific Service's standard Dreosophila medium
at a concentration of 37.5% (wet weight). The final composi-
tion of this medium, excluding the pureed chicken, was agar,
9 g/kg: ground yellow-com meal, 80 g/kg; brewer’s yeast, 59
g’kg; unsulphured molasses, 137 grkg; water, 713 g/kg; and
propionic acid, 2 g/kg. The cool culture medium in 180-ml
polypropylene specimen bottles was sprayed with an active cul-
ture of baker’s yeast which was allowed to grow for 72 h be-
fore introduction of the flies. Approximately 25 female and 15
male Canton-S Drosophila adults were placed in each culture
bottle, allowed to mate, and to lay their eggs on the media.
The parent flics were removed at 7 d leaving the resulting lar-
vae to ingest the media and to proceed through the three instars
of development to pupac. The adult flies emerging from the
pupae were exposed again to the test materials. The adults {col-
lected 1 d after emergence) were fed a sclution of 50% chicken
meat and 1% fructose in water for 72 h. The positive control
for both adults and larvae was 100 ppm tris(2,3-dibromop-
ropyl)phosphate (TRIS). The Canton-S males were mated indi-
vidually after treatment to three first multiple number 6 females
(FM6) which contain a homozygous X-chromosome carrying
phenotypic markers for yellow body, bar-shaped eye, and white
colored eye, and several superimposed structural inversions
which prevented “*crossing over™ with a homologous non-inver-
ted X. The males were successively mated to three new FM6
virgin females until four groups of progeny were obtained from
each male. When the four broods of offspring hatched, the
daughters of the treated Canton-S males were mated individu-
ally to their FM6 male siblings for the lethal test. Fifteen adult
males were ireated with each chicken sample. Twenty-five
offspring from each of the four broods produced by the treated
males were mated, yielding about 1,500 tests for each sample.
This was repeated six time, yielding approximately 9000 tests
for sex-linked recessive lethal mutations per diet.

Teratology studies

Teratology studies were conducted with mice, hamsters, rats,
and rabbits (//,/4,15,16). Pregnant females were exposed to
the test meats, at 35% and 70% (dry weight) of the total diet,
during the respective period of maximum organopenesis.
Twenty confirmed (by vaginal plug) pregnant CD-1 mice per
diet group (total 240 mice) were provided with the test and
control diets from day 1 through day 18 of gestation. Thirty
Golden Syrian hamsters per diet group (total 360 animals) were
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PROTOCOL
MOUSE REPRODUCTION. CHRONIC TOXICITY
(ALBINO, {B-1)

BREEDING STOCK

——————= 2 YR CHRONIC
(115 PAINS/DIET) T0X AND ONCOLOGY
Fo 10 WEEKS
40 PAIR
REPRODUCTION o — — o — . _ 3 10 KEEKS

Fla 1 \ Fln

EXAMINE AND CULL @ 10 WEEKS. 1 PAIR
10 PUPS/LITTER. WGT FROM EACH LITTER
MEASURE. TERMINATE RANDOMIZED

a 21 DAYS (23-41 PAIRS)
F28
F2a SAME AS @ WEANING, TERMINATE
Fia F1B PARENTS
a 10 WEEKS, 1 PAIR FROM

F3a SAME F3s ’ EACH LLITTER RANDOMIZED
AS Fla 10 WK WT GAIN - (16-24 PAIRS)

Figure 1. Protocol for the mouse chronic toxicity, oncogenicity,
and multigeneration reproductive stady .

provided with the test and control diets from days 6-10 of ges-
tation. Thirty-three Sprague-Dawley pregnant rats per diet group
(total 396) were provided with the test and control dicts from
days 1-20 of gestation. Twenty pregnant New Zealand white
strain rabbits were provided with the test and control diets from
days 6-18 of gestation. The positive control substances were
all-trans retinoic acid for mice, hamsters, and rats, and
thalidomide for rabbits. At laparotomy the number of live and
dead fetuses, early and late resorptions, nurnber of implantation
sites, gross external abnormalities, and the internal development
of each fetus were examined according to the procedures of
Wilson and Warkany (43).

Chronic feeding studies

Chronic feeding studies were conducted at Raltech in mice
and dogs using the five test diets provided ad lib. A thorough
analysis of the nutrient content of the meats and diets was con-
ducted throughout the period of study. No significant differ-
ences were found among the four test meats or the four meat-
containing diets. Beagle dogs were exposed to the test or con-
trol diet beginning in utero until death or sacrifice at 36 manths
postweaning for females and 40 months postweaning for males
{7). The study was designed to measure both chronic toxicity
and breeding performance. Urine and blood specimens were
collected from all F, dogs at weaning and at 3, 6, 9, 12, 18,
24, 30, and 36 months on test. Males were sampled again at
40 months on test. Analytical methods are described in the
technical report (7). As the F, females attained sexual maturity,
they were bred on successive estrus periods to produce the
maximum number of litters before the end of the study. Off-
spring were selected from the F, pgeneration litters at weaning
for continued feeding to 6 months of age (Fig. 1). CD-1 mice

PROTOCOL
BEAGLE REPRODUCTION. CHRONIC TOXICITY

BREEDING STOCK

Fo @ 30 DAYS
(10 MALE, 20 FEMALE)

———— 36 MO FEMALES
40 MO MALES

F) WEANLINGS MAINTAINED ON DIETS
UNTIL 5 MONTHS OF AGE

Figure 2. Protacol for the dog chronic toxicity, oncogenicity,
and multigeneration reproductive study.

were exposed to the test and control diets beginning in utero
and continuing until death or scheduled termination (8). The
study design is presented in Fig. 2. The F, generation was con-
tinued on the test and control dicts for 24 months postweaning.
Cohorts of the F, mice were bred to begin the multigeneration
reproduction study, then returned to the chronic feeding study
after weaning of the Fy, litter. This created identifiable subpopu-
lations in the F, generation.

The PER values of all diets containing chicken were
higher than the PER values of the casein standard for
both males and female rats (Table 1). The PER values
were not affected adversely by any of the methods by
which the chicken was processed. The average cumula-
tive 28-d feed consumption per rat among the males was
lowest for animals on the casein control (294 g) and
highest for animals fed the TP diet (326 g). Consumption
was higher among the rats fed chicken diets than among
those fed the casein control or CLD diets. Statistical anal-
ysis of the PER data, excluding the CLD diet, indicated
that the PER of the males fed the TP diet was signific-
antly lower (p<0.01) than for other groups receiving the
chicken diets. Female rats fed the ELE diet had an aver-
age PER significantly higher than those receiving the FC
diet (p<<0.04) and TP diet (p<<0.02). In both males and
females receiving the FC diet, the PER was significantly
higher than for those animals receiving the casein control
diet.

It was concluded that the manner in which the chicken
meat was processed, with or without radiation, had no
cffect on the response of the Salmonella-microsomal
mutagenicity test system to known mutagens (24}. In all
cases, the untreated negative controls and solvent controls
yielded revertant counts within or slightly lower than the
normal spontaneous revertant ranges (Table 2). All of the
positive mutagen controls yielded revertant count in-
creases of two-fold or more over the untreated controls,
indicating that the test culrures were performing satisfac-
torily. The standard mutagens from all of the chicken
samples were recovered, although the results varied de-
pending on the mutagen. 4-Nitroquinoline-N-oxide was
recovered at the same rate as the mutagen control. 9-
Aminoacridine was recovered at approximately 10 times
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TABLE 1. Growth and prorein efficiency ratios (PER) for rats
fed the test diets.

Total wt Total feed Totai protein  Calculated
gained consumed consumed 28-day
Diet (g) () (g PER
Males
Casein 100 204 37.2 2.69%
FC 123 324 37.5 3.28°
TP 113 326 40.1 2.87°4
GAM 116 313 36.1 3,210
ELE 119 318 36.9 3.22
CLD g7 307 38.0 2.55
Females
Casein 90 288 36.3 2.48°
FC 95 302 35.2 2,770
TP 104 319 38.8 2.68
GAM 97 303 35.0 2.77
ELE 97 206 33.9 2.86
CLD o3 324 40,1 2.32

Comparisons: a (Casein to FC), b (FC to TP), ¢ (TP to GAM),
d (TP to ELE), e (GAM to ELE). Significantly (p<0.01} differ-
ent from PER for diet compared (Student t-test}. NS: p value
greater than 0.50.

the positive control. The recoveries of benzo(a)pyrene,
and N-methyl-N'nitrosoguanidine were 18% and that of
9-aminofluorene was 10%. All of the recoveries were
greater than the negative control. However, the recovery
of benzo(a)pyrene from the chicken yielded a revertant
count only 1.4 times that of the negative control, and
this recovery is regarded as partial. A positive result was
not obtained from any of the chicken diets in the absence
‘of an added mutagen. All of these results were at, or
very close to, the negative controls.

None of the four processed chicken meats produced
evidence of sex-linked recessive lethal mutations in
Drosophila melanogaster, while the positive control, tris-

(2,3-dibromopropyl) phosphate, gave a significant
mutagenic response (37). The numbers of observed reces-
sive lethals per number of non-lethals observed during the
study for each of the test diets were: negative control [4/
8639, FC 10/8165, TP 15/8631, GAM 11/860%, ELE 12
8292, and TRIS 206/7146. In this same study there was,
however, a significant reduction in the egg hatchability
of cultures of D. melanogaster reared on gamma-ir-
radiated chicken meat (GAM}.

Additional testing was carried out to confirm these re-
sults and to attempt to determine the cause of the de-
creased number of offspring from cultures containing
GAM. A different production lot of GAM was used to
test the repeatability of the results. At a level of 37.5%,
wet weight, the average numbers of offspring and the as-
sociated standard deviations (n=35) were: GAM-same lot,
25 (5); GAM-different lot, 45 (14); FC, 234 (66); and
negative control 680 (121).

A comparison of dose response to diets FC and GAM
produced the following results: FC-5%, 615 (179); FC-
25%, 431 (107); FC-50%, 367 (143), GAM-5%, 498
(120); GAM-25%, 59 (39); GAM-37.5%; 25 (5); GAM-
50%, 9 (5); negative control, 680 (121).

A different base medium was tried to see if this vari-
able affected the results. The average numbers of offspr-
ing and the associated standard deviations (n=35) for the
Raltech medium were negative control, 680 (121); FC,
234 (66); TP, 139 (83); ELE, 42 (19); GAM, 38 (35).
Similar results were obtained using the new media; nega-
tive control, 478 (66); FC, 253 (247); TP, 46 (75); ELE,
128 (49); and GAM, 1 (1).

Vitamin supplementation of the medium did not result
In any improvement in number of offspring. The results
were negative control, 680 (121); negative control +
vitamins, 658 (179); FC, 234 (66); FC + vitamins, 119
(42); GAM, 38 (35); GAM + vitamins, 2 (2).

TABLE 2. Ames mutagenicity pre-incubation test results with frozen, thermally processed, and gamma- or electron-irradiated chicken.

Average revertant counts per plate
n=6, standard deviation in parenthesis

Test material, mutagen* MNNG NQNO BP 9-AC 9-AF
test strain TA 1535 TA 98 TA 100 TA 1537 TA 1538 |
Mnutagen control 1631 (36) 415 (44) 253 (21) 45 (5) 1205 (25)
1/3 DMSQ, 3 H,0 17 (2) NA 101 (6) 5(2) 10 (1)
Saline solution control 16 (1) 204 100 () 7(2) 13 (2)
Chicken without '
mutagen
Frozen (FC) 17 (4) 20(3) 98 (13 6 (4) 13 (2)
Thermal (TP) 17 (3) 20 (3) 104 (7) 6(2) 9 (2)
Gamma (GAM) 17 (1} 23 (2) 107 (12) 6(3) 11 (3)
Electron (ELE) 18 (3} 22 (4) 100 (11) 6 (3) 12 (4)
Chicken with mutagen
Frozen 291 (181) 472 (56) 134 (11) 472 (182) 128 (14)
Thermal 251 (39) 469 (52) 140 (13} 475 (190) 144 (4)
Gamma 192 (19) 466-(61) 138 (7) 422 (145) 113 (11
Electron 434 (269) 471 (54) 141 {15) 452 (182) 133 (15)

“MNNG = N-methyi-N"-nitro-N-nitrosognanidine, NQNO = 4-nittoquinoline-N-oxide, BP = benzo(a)pyrene (with 5-9 mix added),
9-AC = 9-aminoacridine, 3-AF = 9-aminofluorene (with §-9 mix added), NR: Not run.
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It was concluded that although irradiated chicken was
no! mutagenic-in this test system, there was a consistent
reduction in number of offspring from i rosophila fed
diets containing chicken. This effect was most pro-
nounced with diets containing gamma irradiated chicken,
and was dose-related. The cause of the reduction in
number of offspring and the biological significance of
these results with Drosophila, as they relate to man, is
unknown.

In vivo studies in mice (Table 3), rats (Table 4),
hamsters (Table 5), and rabbits (Table 6) led to the con-
clusion that none of the four processed chicken meat diets
(FC, TP, GAM, or ELE) induced a teratogenic response
when fed to the pregnant animals. The administration of
positive controls (all-trans retinoic acid for mice,
hamsters, and rats, and thalidomide for rabbits) induced;
as expected, significant incidences of resorbed embryos
and congenital malformations in both soft and skeletal
body tissues; ingestion of any of the processed chicken
meat diets (FC, TP, GAM, or ELE) did not induce sig-
nificant incidences of resorbed embryos or congenital
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malformations. Additional details of the experimental re-
sults are available in the technical reports (17,14,15,16).
All five diets supported growth of beagles to maturity,
although group mean body weights and food consumption
in Fy and F, dogs fed diet CLID were significantly lower
throughout life than those in groups fed the meat-contain-
ing diets (Table 7). No overt signs of diet-retated toxicity
were observed in any of the experimental groups. Male
Fy dogs fed the gamma-irradiated chicken (GAM) diet
had significantly lower body weights through adulthood
than males fed the frozen control chicken (FC). Mean
body weights in group GAM males, however, did not
differ significantly from groups TP and ELE. Many
males fed diet FC became obese so that difference in
body weight between groups FC and GAM was not con-
sidered evidence of toxicity. No overt signs of diet-re-
lated toxicity were observed in Fp or F; dogs in any ex-
perimental group. Hematological, clinical biochemical,
and histopathological findings in Fy and F, dogs were
unremarkable with respect to any treatment effect (7).
There was no evidence of any oncogenic effect from any

TABLE 3. Summary of CD-1 mouse teratology study results (litter averages).

FC

TP

GAM

ELE

Positive
Diet CLD 35% T0% 315% T0% 5% 0% 5% 70% control"
Litters examined 23 27 26 27 24 29 29 24 28 26
Weight, day 18 gestation (g) 47.0 46.4 51.2 48.0 48.3 47.1 46.7 50.3 48.4 46.5
Gestation weight gain (g) 20.6 20.3 23.9 21.5 225 21.3 21.2 23.4 22.1 20.3
Uterine examination, day 18
Total fetuses 11.0 10.4 i1.0 10.4 10.8 10.7 10.7 11.6 10.4 9.85
Live fetuses 10.7 9.80 108 10.2 10.5 10.5 10.2 11.3 10.2 9.31
Dead fetuses 0.304 0481 0.231 0.48 0333 0207 0414 0292 0250 0538
Live fetus avg. wt. (g) 1.007  1.050 1.119 1.060 1.011 1.045 1.027 1.018 1.022 0.940
Corpora lutea 10.09 9.52 9.96 10.04 9.79 9.59 8.97 9.7 9.96 10.12 7
Implantaticn sites 11.5 10.6 11.3 10.8 113 1.0 10.9 11.7 11.4 1i.1
Resorptions 0.782  0.593 0462 0629 0667 0.518 0.58 0.792 1.143 1.42
Endometrial hyperplasia 2 0 2 0 0 0 0 1 2 1
External abnormalities (number of litters affected)
Litters examined 23 27 26 27 24 29 29 24 28 26
Subcutaneous hemorrhage 4 0 1 3 1 1 1 1 0 1
"Positive control: 80 mg retinoic acid/kg body weight.
TABLE 4. Summary of rat teratology study results (litter averages}.
FC TP GAM ELE Positive
Diet CLD 35% 0% 35% 70% 35% 70% 35% 70% control®
Litters examined 29 25 31 30 28 29 31 27 28 30
Weight, day 20 gestation (g) 354 357 358 363 361 360 360 355 353 348
Gestation weight gain (g) 133 139 138 143 141 140 140 134 136 129
- -Utetine examination, day 20
Total fetuses 12.7 12.5 11.6 13.1 12.3 13.1 13.2 10.9 12.7 12.1
Live fetuses 12.7 12.5 11.6 13.1 12.3 13.1 13.2 10.9 12.7 12.1
Dead fetuses 0.03 0 0 Y 0 0 0 o 0.04 0.0
Live fetus avg. wt. (g) 272 2.81 2.88 277 2.85 275 271 2.86 2.82 243
Corpora lutea 14.5 14.1 14.5 15.0 14.2 15.0 i4.6 14.1 14.7 14.6
[mplantation sites 13.4 13.2 135 13.7 12,9 13.6 13.9 12.1 13.4 13.4
Resorptions 0.72 0.72 1.81 0.63 0.54 0.48 0.74 1.30 0.71 1.33

*Positive control: retinoic acid 7.5 mg/kg body weight.

JOURNAL OF FOOD PROTECTION, VOL. 50, APRIL 1987



284

THAYER ET AL.

TABLE 5. Summary of hamster teratology study results (litter averages).

FC TP GAM ELE Positive
Diet CLD 35% 70% 35% 70% 35% 0% 35% 70% control®
Litters examined : 21 25 23 27 24 26 23 28 25 24
Weight, day 15 gestation (g} 143 147 143 ° 144 146 146 145 144 146 132
Gestation weight gain (g) 34.6 32.8 340 325 36.2 345 355 339 33.4 218
Uterine exarnination, day 15
Total fetuses 10.24 9.56 10.09 9.85 1046 10.42 1009 10.25 10.32 3.83
Live fetuses 10.24 956 10.00 9.81 10,42  10.35 10.04 10.25 10.24 3.54
Dead fetuses 0.0 0.0 009 004 0.04 0.08 0.04 0.0 0.08 0.29
Life fetus avg. wt. (g) 1.68 1.1 1.65 1.66 1.67 1.65 1.60 1.69 1.62 1.50
Corpora Iutea 10.7 10.7 10.5 10.6 11.5 10.5 10.8 10.7 10.9 1t.1
Implantation sites 11.1 10.2 10.3 10.1 11.3 11.1 10.9 11.1 11.0 10.4
Resorptions 1.05 0.80 0.48 0.37 0.88 0.69 0.87 0.79 0.60 6.58
*Positive control: retinoic acid 30 mg/kg body weight,
TABLE 6. Summary of rabbit teratology study resuits.
FC TP GAM ELE Positive
Diet CLD 35% 70% 35% 70% 5% 70% 315% 0% control®
Litters examined 11 13 17 13 17 15 14 12 13 15
Weight, day 29 gestation (g) 3767 3845 3841 3822 3782 3892 3834 3938 3758 3758
Gestation weight gain (g) 295 370 274 297 242 4% 34 394 298 132
Uterine examination, day 29
Total fetuses 6.45 7.54 7.47 7.08 7.06 7.20 7.57 7.92 7.85 6.13
Live fetuses 6.36 7.54 7.41 6.92 7.06 7.20 7.50 7.92 7.69 5.47
Dead fetuses 0091 00 0.05 0.15 0.0 0.0 0.07 0.0 0.15  0.67
Avg. fetus wt. 40.3 36.6 35.2 338 34.7 37.0 37.0 37.8 35.7 34.3
Viable fetuses at 24 h (%) 85.7 89.6 78,9 72.8 76.3 95.7 91.6 91.7 88.4 52.5
Skeletal Abnormalities (number of litters affected)
Missing 13th rib 5 5 10 5 5 6 8 6 3 "7
Soft tissue abnormalities (number of litters affected)
Hydrocephalus ¢.0 2 1 0.0 1 2 0.0 4 0.0
*Positive control: thalidomide 150 mg/kg body weight.
TABLE 7. Summary of 20th week body weights and 0-20 week weight gains of beagle dogs.
Diet
Gen Sex CLD FC ™ GAM ELE
Mean body weight week 20 (kg)
Fg M 11.352 12.914 11.69 11.62 11.09
F. M 10.56 14.32 12.35 11.87 12.23
Fip M 10.37 13.94 12.89 12.09 12.14
F, F 9.15-b-c 11.55 9.72f 10.15 10.73
Fia F 8.20 11.05 9.81 9.74 9.49
Fip F 8.99 11.27 9.65 9.85 9.61
Mean body weight gain 0-20 weeks (kg)
F, M 9.72 10.65¢ 9.79 9.79 9.18
Fia M 8.95% 12,2454 10.45 9.72 10.19
Fio M 9.01 11.76 10.81 9.96 10.16
Fo F 7.71* 9,550 8.07 B.27 8.89
Fi, F 6.732 9.16%4 7.98 7.85 7.70
Fay F 7.56% 9.38¢ 7.97 7.99 7.84
*fighly significantly (p<<0.01) different (f-test) from comparison. Comparisens: a = CLD-FC, b = FC-TP, ¢ = FC-GAM, d

= FC-ELE, ¢ = TP-GAM, f = TP-ELE.

of the diets. The group of F, females fed the gamma-ir-
radiated diet had comparatively greater fecundity than
dogs on other diets (Table 8). No evidence of reproduc-
tive toxicity was seen through four parities of F; litter

production with any of the test diets.

During the production of two litters of the CD-I mice
in each of the F,;, F,, and F; generations fed diets con-
taining chicken, the only evidence of impaired reproduc-
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TABLE 8. Cumulative litter production in F, female beagles.

Diet
Generation CLD FC TP GAM ELE
(Number of litters whelped)

F,, parity 17 18 16 i9 19
Fyp parity 11 17 13 18 17
Fi. parity 3 5 5 16 5
Fypaiy 10 1 3 0

Totals 32 40 35 56 41

TABLE 9. Numbers of mice bearing zero, one, or two litters.

285

weight males fed diet GAM, compared to the other
groups. Over 60% of mice of both sexes fed diet CLD
survived to 24 months (Table 11). In the meat-fed
groups, two-year survival ranged from 50% in males fed
diet TP to 27% in females fed diet GAM. Survival
males fed diets FC, GAM, and ELE was approximately
equal but significantly (p<<0.05) poorer. than males fed
diet TP. Bred females in groups FC, TP, GAM, and ELE
had similar patterns of mortality, but virgin females fed
gamma-irradiated chicken meat (GAM) had significantly

Diets
Generation Litters CLD FC TP GAM ELE
F, 0 4 4 1 1 2
1 3 13 7 8 6
2 33 43 32 3t 32
Total 40 60 40 40 40
Fip 0 1 1 4 1 1
1 4 12 2 6 3
2 23 28 17 21 23
Total 28 41 23 28 27
Fa, U] 1 2 0 2 2
1 1 5 8 4 1
2 20 17 8 11 19
Total 22 24 16 17 22
TABLE 10. Body weights in F, mice at weeks 15 and 35: breeders vs. non-breeders.
Sex —ee—— M M M M M F F F F F
Time Diet =+ (LD FC TP GAM ELE CLD FC TP GAM ELE
Wezk 15
Breeders (g} 38.50 3935 3788 3778 3853 31.05 30.53 30.80 30.28 31.13
Non-breeders (g) 38.60 3935 3724 37.10 37.74 3099 30.47 30.29 3004 30.84
Week 35
Breeders 38.35 4290 41.90 43.77 42.55 3522 38.38 39.80 39.34 39.20
Non-breeders 40.35" 4508 43.42 4252 4352 32.44™ 3573 3550 36.02" 34.68™

Significantly different from breeders (student t-test): *-p<<0.05, *“-p<0.01.

tion noted was comparatively decreased fertility in mice
fed diet TP (Table 9). When the groups fed irradiated
chicken (GAM and ELE) were compared to the group
fed the frozen control chicken (FC), no significant (p<C
0.05) differences were noted in frequency of stillbirths,
numbers of viable offspring born, and survival to wean-
ing in F, through F; generations.

Mice fed diet CLD had lower mean body weights
throughout life than those fed the meat diets (Table 10).
Many mice became obese in groups FC, TP, GAM, and
ELE. Mean body weights in female mice fed the meat
diets did not differ significantly (p<<0.05). However,
male mice fed diet GAM had lower mean body weights
than males fed diets FC, TP, and ELE during the second
year of feeding. This was due to decreased survival
among heavier weight animals in group GAM, although
overall survival for male mice did not differ significantly
(p=<<0.05) among groups FC, TP, GAM, and ELE. No
specific pathology could be associated with heavier

(p<<0.05) poorer survival than virgin females fed frozen
control chickens (FC).

Non-neoplastic disease processes probably caused the
poorer survival in the meat-fed groups, compared to
group CLD. Myocardial degeneration and fibrosis (car-
diomyopathy) were common in meat-fed mice, especially
in those which died before the end of the study, while
just one mouse in group CLD was found to have this
disorder before terminal sacrifice. The incidence was
highest in group GAM and lowest in group TP for both
sexes. Immune complex glomerulonephropathy was the
most important renal lesion, increasing in incidence and
severity with advancing age. In male mice, the incidence
of this lesion was lowest in groups CLD and TP and ap-
proximately equal in groups FC, GAM, and ELE. Time-
adjusted analysis of the incidence of immune complex
glomerulonephropathy in female mice indicated a statisti-
cal association between the early incidence of this lesion
and significantly decreased survival in unbred females in
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TABLE 11. Percent survival of F,, mice to 24 months.

Diet
Animals CLD FC TP GAM ELE
Males 68 48 58 46 48
Females 56 38 40 28 M4
Males (bred) 60 54 62 42 44
Males (not-bred) 74 48 56 50 52
Females (bred) 62 36 48 40 44
Females (not-bred) 50 46 42 20 42
Males (small lowest 25%) % 52 58 68 68
Males (medium) 72 56 T2 52 38
Males (large highest 25%) 54 40 50 18 54

THAYER-ET AL.

veologenic  tumor, lymphosarcoma,  hepatocellular
adenoma and carcinoma, mammary adenoma and car-
cinoma, leiomyoma and leiomyosarcoma, hemangioma
and hemangiosarcoma, reticulum cell sarcoma, and renal
tubular neoplasm.

On the whole, the studies were consistent in producing
negative results in all the variety of tests performed.
There were, however, some results that were difficult to
explain on the basis of the available data. These were
fa) the unexplained reduction in the hatchability of the
eggs of Drosophila reared on gamma-irradiated chicken,
{&) the poor survival of the virgin female mice fed ir-
radiated chicken, fc) the body weight decrease in the dog
study, and (d) the myocardial and glomerulonepropathy

TABLE 12. Most frequently observed neoplasms in F,, mice { affected/observed).

Sex me—————— M M M M F F F F F
Neoplasm Diet =——m——aea—i-  CLLD FC TP GAM ELE CLD FC TP GAM ELE
Alveclogenic tumor 217108 41/168  18/113 15112 20/109 21/108 17166 15113 15/112 11111
Hepatocellular carcinoma 7108 16/168  5/113 3112 4/109 /108 27166  O/113  v112 Of111
Hepatocellular adenoma 0/106 1/164  O/113 /112 17108 /107 O/163  O/112  O/110  O/109
Lymphosarcoma 3/108 8/168 9/113 T2 3/109 7108 28/166 §/113  13/112 Tt
Hemangiosarcoma 1/108 5/168 3/113 3/112 4/109 2/108 3/166 27113 4/112 Il
Mammary adeno carcinoma 0/0 0/3 02 02 00 174 17127 6185 3/75 276
Leiomyosarcoma 07108  O/168  O/113 112 0/109 108 5/166 6113 5/112 4111
Pituitary adenoma /86 0/112 0/81 w65 77 8/86 Ti121 5/83 1/81 3/86
Reticulum cell sarcoma 0/108 17168 0/1i3 2112 1/109 5/108 5/166 3/113 2/112 2111
Kidney adenoma 1/107 2/167 2/112 0/112 0/109 0108 0/164 /112 /111 0/109

group GAM, compared to the control group FC. It was
not passible to make a causal connection. Atrial throm-
bosis was strongly associated with the concurrent inci-
dence of glomerulonephropathy, although these two dis-
case processes are not known to be related. The incidence
of the combination was approximately equal among male
groups, but it was significantly (p<<0.05) higher in group
GAM females compared to group ELE. It was not possi-
ble to determine if obesity was a factor in chronic heart
and kidney disease. Overall, the pattern of the degenera-
tive heart and kidney diseases reflected the differential
survival among groups of male mice. The situation in
female mice was much less obvious. Similar heart and
kidney lesions were seen in the groups of females fed
chicken diets, but there was no disease or group of dis-
cases, either neoplastic or non-neopiastic, that could ex-
plain adequately the significantly reduced lifespan of un-
bred females in group GAM,

The overall incidence of neoplasms was highest in both
sexes of group FC mice, the frozen chicken control group
(8). In female mice, group ELE had the lowest incidence
of tumors, significantly (p<<0.05) lower than group FC.
Among males, the lowest incidence was in group GAM,
although there were no significant (p<<0.05) differences
among the groups fed the chicken diets. Statistical analy-
sis of the incidence of individual tumor types revealed
no noteworthy treatment differences in either sex for the

more commonly observed neoplasms, such as al-

in mice that were fed irradiated chicken. The significance
of the Drosophila test results is unexplainable without
further tests. It should be pointed out, however, that
mammalian data from other reproductive tests did not
demonstrate any consistent patterns or trends indicative
of a positive reproductive effect. These latter tests have
more relevance to man than Drosophila. The decreased
survival of the fermale mice in the group fed gamma ir-
radiated chicken occurred only in one sex group, and the
result was only marginally significant. These results can-
not be considered as treatment related. The weight loss
observed in the dogs is not of toxicological significance
because of the nature of the protocol that was followed
for the study. Each dog was limited to 500 g of diet
per day; however, some dogs consistently consumed the
entire daily ration of irradiated meats whereas the control
dogs did not consume ali the chow control diets. The
difference in body weights between the different diet
groups is attributable to excessive caloric intake by the
dogs that were fed chicken meat. To maintain an '‘ideal
welght’” the diets were manipulated so that selective
“‘overweight’’ dogs had their food restricted and the few
dogs that were underweight were allowed to feed unti
their body weight increased to an acceptable level. Be-
cause of thesc diet manipulatons the changes in body
weight cannot be considered as treatment related. The
glomerulonephropathy, mineralizaton, and car-
diomyopathies seen in mice fed both irradiated and non-
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irradiated chicken meat control diets may be anributed
to the high protein content of the chicken meat. It is dif-
ficult to speculate on the cardiomyopathy findings, but
it should be pointed out that most, if not all, the mice
with those pathology findings were obese. Further, a long
term chicken diet is unusual for mice so any explanation
would, indeed, without further studies, be extremely
speculative at best.
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