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INTRODUCTION

A Joint FAO/IAEA/WHO Expert Committee on the Wholesomeness of Jrradiated Food met in
Geneva from 3} August to 7 September 1976,

The need to consider the wholesomeness of irradiated food was emphasized at a meeting
sponsored by FAOQ, IAEA and WHO in Brussels in 1961, The appropriate studies required to
ascertain the wholesomeness of irradiated food were discussed by an expert committee sponscred
by the three organizations in Rome in 1964, A further joint expert committee was convened in
Geneva in April 1969. Its main task was to assess the wholesomeness of {rradiated wheat,
potatoes and onions, In the light of the available data, the Committee recommended temporary
acceptance of wheat and wheat products irradiated with doses of up te 0.75 kGy (75 krad) and
of white potatoes irradiated with doses not exceeding 0,15 kGy (15 krad), It furxther
specified certain studies to be carried out on these irradiated foods, The data were
considered inadequate to assess the wholesomeness of irradiated onions,

Much additional information has sinee been provided, notably from studies spomsored by the
International Project in the Field of Food Irradiation (IFIP), These studies covered mot only
the foods specified by the 1969 meeting but also other irradiared foods, In addition, data
have been provided in regponse to a circular letter from WHOQ to its Member States, which
supplement theose resulting from 2 WHO consultation group that met im 1974 to review datsa on
irradiated food and an FAO/IAEA consultants' meeting on microbiological aspects of focod
irradiation.

A summary of the data considered by the 1976 Joint FAO/TAFA/WHO Expert Committee, held in
Geneva from 31 August to 7 September, is given in this document. The evaluations and/br
re-evaluations ¢f the wholesomeness of individual food items considered are produced in the
Report of the above-mentioned Committee,l

1
- Report of the Joint FAO/IAEA/@HO Expert Committee on the Whelesomeness of Irradiated

Food, Wid Hlth Org, techn, Rep. Ser., 1977, No. 604; FAOQ Food and Nutrition Series, 1977,
No. 6.
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IRRADTIATED CHICKEN

Technical specifications

Technological purpose of irradiation

(a} To prolong storage life and (b) to eliminate pathogenic microorganisms from
eviscerated chicken stored below 10°C,

Irradiation data:

Dose range : for (a) to reduce microbial spoilage
200-700 krad

ior (b) to reduce the number of pathogenic
microorganisms 500-700 krad

gamma rays from 80co or 13705; or electron rays
of a radiation energy level up te 10 MeV

Type of radiation

-

Microbiological aspects

The known microbiological problems of public health significance are:
(a) an important hazard from szalmonellae (various);

(&) a small risk from mesophilic cleostridia, especially Cl. perfringens.

The reported effects of irradiation with doses in the range 200-500 krad are;
(2)  to reduce the numbers of salmonellae by a factor of 10% to 107;
(b) to reduce the numbers of clostridia by a factor of 10 to 10%;

(<) to reduce, by degrees similar to those for salmonellae the numbers of other
pathogens (shigellae, staphylococci) if present;

(d}) almost to eliminate pseudomonads, which are relatively sensitive to irradiation:
(e)  to reduce the number of "Achromobacters":
(f} probably to reduce faecal streptococci to a few survivors.

(Maxey & Tiwari, 1973; Thornley, 1963; Licciardello et al,, 1970; Hobbs, 1965; Roberts,
1968; Mossel, 1966,)

No occurrences of unusual pathogens have been reported, The overall result is to efifect
a marked improvement in microbiological status related to food poisoning,

1f the chicken is frozen, and stered in that conditien, no further microbiological
problems arise (Hobbs, 19&5),

With unfrezen chicken, stored under chill conditions, the flora which develops is
predominantly Pseudomonas (lower doses, lower storage temperature} or "Achromobacter' (higher
doses, higher storage temperature),
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Since thege are similar to the normal spoilage flora, no special problems seem likely to
arise., The "Achromobacter'" group includes some organiesms called Moraxella which have been
suspected of pathogenic properties; they differ from the recognized pathogenic species of
Moraxella, are found in considerable numbers on normal chicken, snd are supposed to be of no
speeial significance (Maxey & Tiwari, 1973; 1Idziak & Incze, 1968).

As regards the normal food poisoning hazards with chicken:

- A product treated as above should be free from salmonellae. If it is nevertheless
thought necessary to provide storage temperatures which would prevent their mulci-
plication, 5-6°C should awply suffice (Matches & Listonm, 1968; Michener & Elliote,
1964),

~ Storage temperatures below 10°C suffice to protect against surviving spores of
mesophilic clostridia,

There is thus no strong reason, as regards public health, to require storage at
temperatures below 10°C (Matches & Liston, 1968). Lower temperatures are desirable to

prolong storage life,

Nutritional aspects

In comprehensive investigations relating to the composition and nutritive value of
chicken frradiated with 300 krad or 800 krad, the only effects noted were elevated peroxide
values of the fat (de Groot, A, P, et al,, 1972),

Thiamine losses in irradiated chicken stored at Q°C for 1 day showed 34%, 17% and 34%
loss after 150, 250 or 400 krad dosing, when compared to control values, Thirty=-five days
post-irradiation storage, after 250, or 400 krad dose resulted in a further 52% or 51% loss
compared to day 1 values at the same dose. At =18°C storage, Iuitisl thiamine losses were
9%, 12% and 22% at 150, 250 and 400 krad, as compared to controls, After 3 months storage
a loss of 7%, 27%, 17% and 6% thiamine were recorded for 0, 150, 250 or 400 krad, Thiamine
losses in chicken meat, appears therefore, to be a function of irradiation dose, storage time
and storage temperature (Tencheva, 1973),

Toxicological aspects

Short-term studies

Rat: Groups eof 10 male and 10 female newly weaned albino rats (CIVO-colony derived from
the Fib litter of a reproduction study with irradiated chicken) were fed for 90 days eirther
stock diet or a diet incorporating 35% (air dried) chicken irradiated with O, 300 or 600 krad.
The following organs were examined histologically: 1lumg, salivary glands, trachea, epididymis,
uterus, urinary bladder, aorta, oesophagus, (G.I, tract, heart, kidneys, liver, spleen, brain,
testes/ovaries, thymus, thyroid, adrenals, pancreas, lymph nodes and bone marrow, No deaths
occurred nor were any abnormalities of appearance of behaviour seen, The average body
weights of the test groups exceeded that of controls, Food consumption of test groups was
greater than of non-irradiated or stock controls, No significant changes occcurred in
haematological or bloocd serum parameters, nor in the urinalysis results, There were no
significant variations in orpan weights nor were there any findings on gross and histopatho-
logical examination attributable to the feeding of irradiated chicken (de Knecht -
van Eekelen er al,, 1971},
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Dog: Four groups of young beagles, each of 4 males and 4 females were fed for one year
diets comprising stock laboratory ration, or experimental diets containing 35% chicken (dry
weight basis) either nontreated or irradiated with dozes of 300 or 600 krad, No deaths and
no behavioural abnormglities were detected. All dogs gained weight without any distinct
difference between the various experimental groups, Foed consumption was comparable for
control and rest groups,  Haematological investigations showed comparable results for all
groups. Clinical chemistry values of test and control groups were comparable and enzyme
levels varied widely. Urinalysis showed nothing of note, Liver and kidney function tests
showed no abnormalities,  Absclute and relative organ weights showed no distinct intergroup
differences, No treatment associated gross or histopathological lesiong were seen in the
full range of organs examined (Til et gl,, 1971),

Long-term studies

Mouse: Four proups, each of 100 male and 100 female Swiss mice, were maintained for 30
weeks on a commercial mouse diet, a diet containing 50% cooked chicken, a diet containing 50%
of chicken that had been irradiated (700 krad), stored and cooked, or a diet containing a
known carcinogen (0,03% 2-acetamidofluorens), There was no significant difference in tumour
incidenge between mice fed irradiated chicken and those fed nou-irradiated chicken; mice fed
the carcinogen showed a high incidence of hepatomas and carcinomas of the bladder (Procter,
Rona & Chappel, 1971),

Rat: Four groups each of 60 male and 60 female rats were fed respectively for two vears
the following diets: commercial stock diet, diet containing 35% (dry weight basis) of cooked
chicken, and diets containing 35% chicken which had been irradiated with a dose of 300 krad or
600 krad and coocked. Growth, food intake, haematological examinationms, blood biochemical and
urine analysis, and pathological examinations gave no indications that irradiated chicken
induced neoplasms or sny deleterious effects (de Knecht - van Eekelen, A, et al,, 1972),

Reproduction studies

Rat: Groups of 10 males and 20 females were kept on diets containing either stoeck ration
or 35% {air-dried weight) untreated or irradiated chicken (300 and 600 krad). At weeks 12
and 20 after weaning the rats were mated within their diet group (5 males and 10 females) to
produce an Fla and Flb generation. Pregnant females were caged singly and litters reduced to
8 pups on day 1 after birch, Ter male and 20 female Flb were used to produce the F2a and F2b
generation. Ten male and 20 femasle F2b were used for the F3a and F3b generation.
Implantation sites were countad in mothers sfter the Flb, F2b and ¥3b litters had been weaned,
None of the generations showed any abnormalities in appearasnce or behaviour, Mortality was
very low in all parent generations, Generally test rats gained more weight than stock diet
controls,  Fertility was not different in the various groups nor was there any effect on
litter size, birth weights and other litter parameters, Resorption quotients were comparable
for all groups (de Knmecht - van Eekelen et al., 1971). -

Observations in man

In a controlled series of human feeding studies, foods that had been irradiated with
mixed-gpectrum gamma radiaticn from spent fuel elements were fed under carefully controlled
conditions to voung adult male volunteers during a 15-day period, Each volunteer was also
given a control diet during a similar peviod so that each subjact served as his own control,
Comprehensive clinical examinations were made on each subject before, during and after feeding
irradiated foods, Diets were fed in which approximately B0% of the calories were derived
from irradiated foods. Chicken was irrvadiated with 2 300 000 rad or with & Q00 000 rad and
subsequently stored at room temperature for approximately 3 menths, Two studies were
conducted, the first on 10 men and the second on 9 men; 6 of the men participated in both
studies, There was no evidence of clinical abnoymalities that could be related to the
ingestion of irradiated food (Bierman et gl,, 1938),
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IRRADIATED CORN STARCH

Radiation chemistry

Irradiation of maize starch results in the formation of & number of irradiation-induced
products, Levels in excess of 1 pg/g/Mrad, of formaldehyde, acetaldehyde, acetone,
malonaldehyde, glycolaldehyde, glyoxal, glyceraldehyde + dehydroxyacetone, hydroxymethyl
turfural, methylglyoxal formates, carbonates, hexonolactone, formic acid, acetic acid, malic
acid, oxalic acid, urenic acid, methyl alcohol and hydrogen peroxide are reported, whilst
diacetyl, acetone, furfural, glyoxalic acid, lactic acid, and pyruvic acid occurred at levels
below 1 pg/g/Mrad. Quantitative studies indicate that the levels of radiation-induced

chemicals are probably dose related. However, quantities are too small to be of toxicological

significance, even when the effect of variables such as atmospheric conditions, temperature,
and water content ¢f starch at the time of irradiation, are considered, Formic acid
represents the majority of the radiation-induced free acid (dats missing from report), whilst
total carbonyls approximate to 7 or § pg/g starch, irradiated at less than 100 krad
(Saint-Labe, 1976),

Toxiecological aspects

Short-term studies

Rat: Three groups of 40 male and 40 female rats were fed a semi-synthetic diet
¢containing 62% uncooked ¢orn starch, irradiated at 0, 300, or 600 krad for & months, An
interim sacrifice of 10 males and 10 females/group was made at 3 months, A further 10 males
snd 10 females/group were bred twice, commencing at 13 weeks on test prior to being returned
to the study. No effects were observed relating to body weight, food intake, haematology,
sexyum values for sodium, potassium, calecium, glucose, cholesterol, bilirubin, total protein,
uric acid and creatinine, gross and histopathology, or absolute and relative organ weights.
Anlmals receiving 300 krad irradiated corn starch showed reduced serum urea, and serum
alkaline phosphatase levels at 6 months and at 600 krad, reduced serum urea, serum phosphorus
and 8GOT were noted at 6 months. These reductions were significant when compared to
contemporary controls, but were within normal limits for the straln of rat, Bacterial flora
of the colon was unaffected by irradiated starch (Saint-Libe, 1976),

Long-term studies

Mouse: Three groups of 40 male snd 40 female mice were fed basal diet, or diets
containing 50% corm starch irradiated at © or 300 krad, The mice were mated gfter 8 weeks
on diet and 50 male and 50 female Fla offspring were maintained on their respective diets
until 21 months old, when they were sacrificed, Mortality was imcreased in males on stareh-
containing diecs begween & and 12 months, However, at temination of the study, mortality
was generally comparable in all groups. Body welght was ¢omparable between groups receiving
starch diet and less than the control group. Food intake was nmoermal in all groups.
Haematological parameters showed no consistent changes related to treatment, Organ weights
were comparable im all groups at sacrifice, Histological examination is not yet complete
(Saint-Lébe, 1978),

Rat: Two groups of 40 male and 40 female rats were fed a semi-synthetic diet containing
62% cooked corn starch irradiated at 0 or 600 krad for 24 months, Ten mgle and 10 female
rats were sacrificed at 3 months, and an additional 10 males snd 10 females were bred twice,
commencing at 13 weeks on test, prior to being returned to the study, Mortality was
compaxable in both groups, although some rats had to be sacrificed at 12 months beeause of
mammary tumours, The frequency of mammary tumours was highest in the control group. Body
weight was reduced in males gfter 6 months (ca. 6%), compared to controls. Female body
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weights were comparable to controls, Haematology, myeleogram, serum values for sodium,
potassium, calcium, phospherus, glucose, cholesterol, total protein, uriec aeid, wrea and
creatine, histopathology and abscolute and relative organ weights were all comparable, Serum
alkaline phosphatase and globulin levels, serum glucose and SGOT showed scattered variations
unrelated to dietary feeding of irradiated starch, All values were, however, within the
normal limits for the strain of rat, Bacterial flora of the colon was unaffected by
irradiated cooked starch (Saint-Labe, 1976),

Reproductlon studies

Mouse: A reproduction study was performed on groups of mice receiving standard diet,
or diets containing 350% corn starch irradiated at 0 or 300 krad, An FO generation
comprising 40 males and 40 females was mated after 8 weeks on diet, A second mating was
undertaken at 16 weeks, At 11 weeks of age, 25 male and 25 female Flb offapring were mated
to produce an Fla generation, and 8 weeks later to produce F2b offspring, Results indicated
that irvadiated starch did not affect reproduction, as judged by fertility, litter size,
irveth and viability of offspring, lactation index or weaning weight of offspring
(Sainc=Tabe, 1976).

Rat: Five groups of 10 male and 10 female rats were fed semi-synthetic diets containing
627 raw corn starch irradiated at O, 300 or 600 krad, or 62% cooked starch irradiated at O
or 600 krad. After 13 weeks, rats were paired within groups to give the Fla generation,
which was szerificed at weaning, A second pairing produced the Flb generation, 10 males and
10 females from which were used to produce F2a and F2b litters, Similar aumbers of FIb
animals were utilized to produce Fla and F3b generations. In all breedings, fertility,
litter size, live birth incidence, and body weight of offsprings were unafiected, Offspring
mortality was increased in the 800 krad cooked starch group in the Fla (10,6%) and Flb (9,4%)
litters as compared to the unirradiated controls. However, the mortality rate was considered
to be within the upper limit for the rat strain, Histopathology of 10 males and 10 females
of the T3b litter was normal except that periportal hepatocyte microvacuolation, and
deposition of a brown pigment in Kupffer cell cytoplasm was noted in all groups, the intensity
of which increased in males with time (Saint-lébe, 1976),

Teratogenicity

The Fib offspring of the mouge reproduction study described sbove were removed by
caesarian section from the parent females just prior to parturition, After appropriate
preparation, the pups (about 185/group) were examined for skeletal or soft tissue malfcormations,
There was no evidence of an increase in malformation incidence in any group (Saint-Labe, 1976),

Mutagenicity

Male offspring of the F2a generation @f the mouse reproduction stedy described above were
utilized for testicular karvotvyping (25 mice) or for z dominant lethal study (15 mice).
Trradlated starch did not result in any increase in the incidence of translecations or
disjunctions in the karyotype studies, Neither was the incidence of resorprions (early or
late) increased in the dominant lethal studies (Saint-Labe, 1976),

Short-term study on irradiation induced chemicals from corn starch

Formie acid (120 ppm/Mrad), hydrogen peroxide (50 ppm/Mrad), acetaldehyde (40 pPM/Mrad),
formaldehyde (20 ppm/Mrad), glycolaldehyde (8,6 ppm/Mrad), glyceraldehyde (4,7 ppm/Mrad),
glyvoxal (3.7 ppm/Mrad), methyl aleohol (3 ppm/Mrad) and malonaldehyde (2 ppm/Mpad) were
identified as the 9 irradiation induced chemicals found at the highest comcentrations in
irradiated corn starch, A mixture containing similar proportions of the 9 ingrediente to
those noted above was prepesred in aqueous sclution, and administered by intubation to groups
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IRRADIATED CORN STARCH

Radiation chemistry

Trradiation of maize starch results in the formation of a number of irradiation-induced
products, Levels in excess of 1 pg/g/Mrad, ¢f formaldehyde, acetaldehyde, acetone,
malonaldehyde, glycolaldehyde, glyoxal, glyceraldehyde + dehydroxyacetone, hydroxymethyl
furfural, methylglyoxal formates, carbonates, hexouolactone, formic acid, acetic acid, malic
acid, oxalie acid, uronic acid, methyl alechol and hydrogen peroxide are reported, whilst
diacetyl, ascetone, furfural, glyoxalic acid, lactic acid, and pyruvic acid occurred at levels
balow 1 pg/g/Mrad. Quantitative studies indicate that the levels of radiation-induced
chemicals are probably dose ralared, However, quantities are too small to be of toxicological
significance, even when the effect of variables such as atmospheric conditions, temperatura,
and water c¢ontent of starch at the time of irradiation, are considered, Formic acid
represents the majority of the radiarion-induced free acid (date missing from report), whilst
total carbonyls approximate to 7 or 8 pg/g starch, irradiated at less than 100 krad
(Saint-Liébe, 1976),

Toxicological aspects

Short-term studies

Rat: Three groups of 40 male and 40 female rats were fed a semi-synthetic diet
containing 62% uncooked corn starch, irradiated at 0, 300, or 600 krad for & momths., An
interim sacrifice of 10 males and 10 females/group was made at 3 months, A further 10 males
and 10 females/group were bred twice, commencing at 13 weeks on test prior to being returned
to the study, No effects were observed relating to body weight, food intske, haematology,
serum values for sodium, potassium, calcium, glucose, cholestercl, bilirubin, total protein,
uric acid and creatinjne, gress and histopathology, or absolute and relative organ weights,
Animals receiving 300 krad irradiated corn starch showed reduced serum urea, and gerum
alkaline phosphatase levels at 6 months and at 600 krad, reduced serum urea, serum phosphorus
and SG0T were noted at 6 months, These reductions were significant when compared to
contemporary controls, but were within normal limits for the strain of rat, Bacterial flora
of the colon was unaffected by irradiated starch (Saint-Labe, 1976).

Long-term studies

Mouse: Three groups of 40 male snd 40 female mice were fed basal diet, or diets
containing 50% corn starch irradiated at O or 300 krad, The mice were mated after 8 weeks
on diet and 50 male and 50 female Fla offspring were maintained on their respective diets
until 21 months old, when they were sacrificed, Mortality was increased in males on starche
contzining diets between 6 and 12 moaths, However, at termination of the study, mortality
was generally comparable in all groups, Body welight was comparable between groups recaiving
starch diet and less than the control group, Food intake was normal in all groups,
Haematological parameters showed no consistent changes related to treatment. Organ weighrs
were comparable in all groups ar sacrifica, Hiztological exemination is not yet complete
(8aint-Labe, 1976),

Rat: Two groups of 40 male and 40 female rats were fed a semi-synthetic diet containing
62% cooked corn starech iyradiated at Q or 600 krad for 24 months, Ten male and 10 femzle
rats were sacrificed at 3 months, and an additional 10 males and 10 females were bred twice,
commencing at 13 weeks on test, prior to being returned to the study, Mortaliry was
comparable in borh groups, although some rats had to be sacrificed at 12 months because of
mammary tumours, The frequency of mammary tumeours was highest in the control group, Body
weight was reduced in males after 6 months (ca, 6%), compared to sontrols. TFemale body
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weights were comparable to controls, Haematology, myelogram, serum values for zodlium,
potassium, c¢alcium, phosphorus, glucose, cholesterol, total protein, urie acid, urea and
creatine, histopathology and absolute and relative organ weights were all comparable, Serum
alkaline phosphatase and globulin levels, serum glucose and SGOT showed scattered variations
unrelated to dietary feeding of irradiated starch. A1l values were, however, within the
normal limits for the strain of rat, Bacterial flora of the colon was unaffected by
irradiated cooked starch (8aint-Lebe, 1976),

Reproduction studies

Mouse: A reproduction study was performed on groups of mice receiving standard diet,
or diets containing 50% corn starch irradiated at O or 300 krad. An FOQ generation
comprising 40 males and 40 females was mated after § weeks on diet., A second mating was
undertaken at 1& weeks., At 11 weeks of age, 25 male and 25 female FIb offspring were mated
to produce an F2a generation, and & weeks later to produce F2b offspring, Results indicated
that irradiated starch did not affect reproduction, as judged by fertility, litter size,
birth and viabilicy of offspring, lactation index or weaning weight of offspring
(Szint-L&be, 1976),

Rat: Five groups of 10 male and 10 female rats were fed semi-synthetic diets containing
62% raw corn starch Lrradiated at 0, 300 or 600 krad, or 62% cooked starch irradiared at O
or %00 krad. After 13 weeks, rats were paired within groups to give the Fla generation,
which was sagrifiged st weaning, A second pairing produced the Flb generation, 10 males and
10 females from which were used to preduce F2a and F2b litters. Similar numbers of F2b
animals were utilized to produce F3a and F3b generations. In all breedings, fertility,
litter size, live birth incidence, and body weight of offsprings were unaffected, Qffspring
mortality was increased in the &00 krad cooked starch group in the Fla (10,6%) and Flb (9.4%)
litters as compared to the unirradiated controls. However, the mertality rate wasz considered
to he within the upper limit for the rat strain, Histopathology of 10 males and 10 females
of the Fib litter was normal except that periportal hepatocyte microvacuclation, and
depogition of g brown pigment in Kupffer cell eytoplasm was noted in all groups, the intensity
of which increased in males with time (Saint-Labe, 1976},

Teratogenicity

The F2b offspring of the mouse reproduction study described gbove were removed by
caesarian section from the parent females just prior te parturition, After appropriate
preparation, the pups {(about l&S/group) were examined for skeletal or soft tissue malformations,
There was no eyidence of an increase in malformation incidence in any group (Saint-Labe, 1976),

Mutagenicity

Male offepring of the F2a generatilon of the mouse reproduction study described above were
utilized for testicular karyotyping (25 mice) or for a dominant lethal study (15 mice).
Trradiated starch did not result in any increase in the incidence of translocations ot
disjunctions in the karyotype studies, Neither was the incidence of resorptions (esrly or
late) increased in the deominant lethal studies (Saint-Lébe, 1976).

Short-term study on irradiation induced chemiecalsz from c¢orxnm starxch

Formlie aeld {120 ppm%ﬁrad), hydrogen peroxide (50 ppm/Mrad), acetaldebyde (40 ppm/Mrad),
formaldehyde (20 ppm/MradJ, glycolaldehyde (8.6 ppm/Mrad), glyceraldehyde (4,7 ppm/Mrad),
zlyoxal (3,7 ppm/Mrad), methyl alcohol (3 ppm/Mrad) and malonaldehyde (2 ppm/M:ad) were
identified as the 9 irradiation induced chemicals found at the highest concentrations in
irradiated corn starch, A mixture containing similar proportions of the 9 ingredients to
those noted above was prepared in aquecus solution, aznd administered by intubatlon to groups
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of 10 rats, as 2 doses separated by 30 min. After a li-day observation period, the LDg was
determined to be 20.7 g mixed products/kg, and the LDgy between 1.0 and 1,5 g mixed products/
kg, A 3 week sub-acute study was performed administering the mixed irradiation products to
give daily intakes of 0.63, 0,30, 0,10 or O g/kg in drinking water to groups of & male and &
female rats, (Doses allow for reduced water intake of yats at the top dose lavel.)
Haematology and total protein levels were normal., Increased serxum urea levels were noted in
both sexes at 0,30 and Q.63 g product mixture/kg intake levels. Histopathology revealed
hyperplastic reactions in the stomach mucosa and slight changes in remal tubules in the high

dose rats, A further four groups of 15 male and 15 female rats were dosed via drinking water
with 3,75, 0.75, 0,15 and 0.0 g product mixture/kg for & months, Water intake was reduced at
the top dose level, Food intake, and body weight were comparable in all groups. Leucocyte

counts increased with inecreasing time in females on the high dose, and at termination,
erythrocyte count, and hasmatocrit were both reduced in the same group. Serum biochemical
examinations indicatred little evidence of pathological changes, although changes in levels of
sodium, glucose, phosphorus, ures and proteins were noted, Urinalysis was comparable in all
groups. Histopathology was normal in all groups except the high dose group, where an
ineressed incidence of kidney cysts was noted, Organ weights were normal except for reduced

thymus weights in high dose females, and reduced kidney weights in low dose males
(Saint-Labe, 1976),
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TRRADIATED FISH

Technical specifications

Technological purpose of irradiation

(a) To reduce microbial spoilage of packaged or unpackaged fish refrigerated at or
below 3°C or

(b)  To reduce the numbers of pathogenic microorganisms of packaged or unpackaged fish
refrigerated at or below 3°C.

Trradiation data:
Dose range : 100=-220 krad ' ‘7

Type of radiation : gamma rays from 0ra or 137Cs; or electron rays of
radiation energies up to 10 MeV

Microbiolopical aspects

Fish have few inherent microbial eomtaminants, associated with the water from which they
are harvested, Post~harvest contamination, however, begins with landing equipment and
continues with human handling in transpoxrt systems, ships, storage, and further transport for
marketing opevations. The significant saprophytic contamination from these operastions is
predominancly psychrotrophic, because of cool water environment and ice pack storage, During
normal storage at 0-3°C, microbial growth proceeds slowly, but organisms of public health
gignificance arising from fish, shrimp, or human sources are suppressed,

Trradiation is particularly effective in destructlon of psychrotrophic organisms
asgoeiated with fish spoilage, therefore s dose level of approximately 200 krad materially
increases the storage life. 1f these foods were contaminated with organisms of public health
gignificance due to euvirommental pollution, this would complerely eliminate the radfation-
sensitive Vibrio parahaemolvticus (Matsuyama, 1973), and greatly reduce the frequeney of
occurrence of salmonellae and Staphylococcus aureus (Matsuyama, 1973), Vegetative cells of ‘J
€l., botulinum type E would also be almost eliminated, while the number of spores would be
reduced by a factor of 10-100,

Much has been made of a risk frem Cl, borulinum type E which might, in particular
circumstances, conceivably develop without the normal accempanying warning of previous
spoilage, The requisite particular circumstances are (i) the uwse of a radiation dose between
gbout 300 and 2000 krad, i.e, sufficient to completely eliminate the normal speilage flora
but not sufficient to eliminate spores of €l. botulinum type E (Eklund & Poysky, 1967), and
(1ii) storage at temperatures above 5°C (Hobbs, 1967: Shewan & Hobbs, 1970),  These
circumstances are gimilar to those which exist when handling ordinary cooked fish in packages
at temperatures above 3°C, In fact, it is recommended to use radiation doges below 300 krad
and storage temperatures below 3°C.

In the tight of present knowledge, low- and intermediste-dose irradiation of fish
coupled with storage at O-3°C has a potential major beneficial effect in pregervation, and
there is a similar potential benefit of improved public health protection (Matsuyama, 1973).
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Nutritional aspeects

Vitaminsg: Some changes in water-soluble vitamins have been noted as a result of
irradiation of fish, particularly with treatment at sterilizing levels, but these changes
were about the same ag those which result from cooking. Losses of thiamine were in the same
order of magnitude for salmon, lake trout, halibut, and tuna, ranging from 24% at 0.2 megarad
to 94% at & megarvad. Haddock fillets, irvadiated at 2,79 megarad, lost 70% of the thiamine,
Little, if any, change inm nddcin or riboflavin was noted (Read, 1959).

Haddoeck fillets irradiated at 2,5, 0.25 and 0,15 megarad, were compared with the effects
of ice and frozem sturage with respect to thiamine, niacin, pyridoxine, pantothenic acid and
the B}z vitamins. Irzadiation at 2.5 megarad caused slight losses of riboflavin, chiamine,
and Byp but with rhe exception of thiamine, {rradiation at 0.25 and 0,15 megarad has no
significant effect on the B vitamins (Slavin et al,, 1966),

Among the water-soluble vitamins, the most radiation sensitive are thiamine, pyridoxine,
snd pantothenic acid, but at pasteurizing doses, the changes, except for thiamine, do not
appear sipnificant (Brooke er al., 1966),

Thiamine and pyridoxine ave susceptible to radiation destruction. Ascorbic acid also
is labile. The fat soluble vitamins E and K are particularly susceptible to destruction by
radiation bul vitamin supplementation of the diets may essily prevent vitamin deficiencies
{(Read, 1940),

The nutrient content of irradiated codfish prepared according to United States Army

- specifications and irradiated at dose levels of 2,79 and 5,58 Mrad was unaffected with regard

to macronutrient content, The thiamine content was reduced {Calloway & Thomas, 1961),

The vitamin content of unirradiated and irradiated haddock (2,79 and 5,58 Mrad) resulted
in destruction of approximately 70% of the thiamine and a slightly reduced niacin content,
Riboflavin content was unchanged (Ziporin, Kraybill & Thach, 1957).

The effeet of irradiation (0.6 Mrad), cooking and & combination of both treatments had
been measured on the B-complex vitaming, nicotinic acid, riboflavin and thiamine, in codfish
fillets. Irradiation did not affeer nicotinic acid and a 4% loss due to cooking was again
not increased by a combination of treatments, Ribaflavin reduction was 6% by radiation,

10% by cooking and 16% after both treatments, Thiamine losses were 47% by radiation, 10% by
cooking and 54% by combined treatment (Kennedy & Ley, 1971),

A proximate analysis of codfish irradiated at a dose level of 4 Mrad gamma radiation
revealed no appreciable changes in moisture, ash, nitrogen, protein, fat, carbohvdrate or
caloric value, The major portion of the thiamine content was destroyed by irradiation
(Bierman et al,, 1958),

In a more zecent study fresh cod was filleted, ground and packed in plastic bags, The
samples were then irradiated with 0, 0.1, 0.3, 0.6, 1.0, 2.5 and 4.5 Mrad, Treated and
nontreated samples were freeze-dried and stored ar =22°C pending analyses, Thiamine,
pyridoxine and niacin were found to be only slightly influenced by radiation doses up to
300 krad. Above 300 krad there was considerable destruction of thiamine (12% of original)
and pyridoxine, Niacin and A-tocopherol were found to be unaffected by 4,5 Mrad
(Underdal et al,, 1973).

Thiamine in cod and dogfish fillets was completely destraved at 3 Mrad while riboflavin
and niacin were only slighely affected at this dose, There was a 43% loss of vitamin A in
dogfish, but in cod fillets no vitamin A loss was observed (Maneesh et al., 19&64),
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Protein: The subacute and chronic animal feeding studies and studies carrled ocut on
human volunteers with fish products (codfish, salmon, haddock, white fish and tuna fish)
irradiated with 2,79 and 5.58 Mrad showed that protein utilization of irradiated products was
the same as with the non-irradiated comtrols (Slavin et al,, 1966),

The effects of 150 and 250 krad on the total amino acid comtent of haddeock fillets were
studied and compared with changes that result from storing fresk fillets in ice for 10 davs and
freezing fillets at -5°F (-20°C) for 12 months, The results indicate no adverse effects on the
total, free and bound amine acids from ice or frozen storage of fillets or the irradiation of

fillets =t pasteurization levels and subsequent ice storage for as long a& 30 days (Brooke et
al., 1966).

Protein quality of irradizted haddock and flounder has been evaluared in other studies
hy determining the protein efficiency ratio (PER) im 28 day rat feeding gtudies. The PER
values of haddock and flounder irradiated at dose levels of 0.2, 0.3, 0,4 and 0.6 Mrad vere
similar to that of non-irradiated samples (Reber et al., 1968).

The nutrient content of irradiated codfish prepared accerding to United 5States Army
specifications and irradiated at dose levels of 2.7% and 5,58 Mrad was unaffected with regard
o maerenuirient content, No consistent differences in the essential amino acid content were
apparent (Calloway & Thomas, 1961),

In further studies on fresh Baltie cod, gamma irradiatioen at dose levels of 0.3 to 10 Mrad
did not change the ratios of amine acids in the protein (Kardashev et al,, 1970},

The protein mutritive value in codfish fillets was unaffected by irradiation (0.6 Mrad),
whereas cooking caused a 9% loss; this loss was not increased by prior lrradiation trealment
(Kennedy & Ley, 1971).

Five groups of male Wistar rats were used in a study to determine the digestibility,
biological value and Net Protein Utilization of irradiated cod (irradiated at 0.1, 0.2, 0.3,
and 4,5 Mrad),. Irradiation had no degradation effects on any of the amino acids, with the
exception af cysteine, a 40% reduction being noted at a dose of Q.1 Mrad, No linear
relationship was found between the radiation dose and the degradation of cysteine. It was
further noted that the different radiation treatments used did not result in reduction of the
nutritive value of the protein (Underdal et al., 1973},

The effect of gamma irradiation in fresh water fish resulted in partisl imactivation of

thiaminase, Complete inactivation does not appear economically feasible (Krzeczkowski,
1968).

Lipids: There is no evidence from the various feeding studies on tuna fish (a fatty
fish) and corn to indicate that fish lipids are altered nutritiomally in any gignificant way,
or that toxic substances derived from fish lipids are produced during irradiatiom (Paynter,
1959).

When relatively large amounts of lipid-derived carbonyl compounds were fed to rats for
30 days, no toxic manifestations were noted, Although carbonyl compounds appeared to be
absorbed by the animals, no evidence of their accumulation in the animals' tissues could be
found, From the data available, there is no reasen to suspect significant nutritional
problems or toxic effects due to radiation pasteurization of fLish fats (Monty, 1962).
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Toxicological aspects

Short-term feeding studies
Mousge:

20% cod/SO% redfish: Three groups of 10 male and 10 female weanling mice received
during 28 days respectively a basal diet, a 45% non-irradiated fish (cooked) diet and & 45%
irradiated (175 krad) fish (cooked) diet, Five male and five female mice of each group were
subjected to gross necropsy but no detailed reporta are available, Growth of groups on the
fish diets was lower than growth of group om basal diet, No other abnormalities were
reported in behaviouy, appearance or mortality (van Petten & Upman, 1973),

In another study 3 groups of 10 male and 10 female mice of the F2b generation are being
kept on either laboratory chow, &45% non-irradiated fish (cooked) or 45% irradisted (175 krad)
fish (cooked). This study is planned to continue for 13 weeks and is now nearly complete,
By week B there were no treatment-related changes noticeable as regards growth, haematology
and blood chemistry (Benson, 1976a).

Rart:

Cod/redfish: Three groups of 10 male and 10 female rats from an Flb generation of a
reproduction study were fed for 90 days either stock laboratory diet or 45% (wet weight)
cooked non=irradisted fish or 45% (wet waight) cooked fish irradiared with 175 krad in their
diet, No deaths occurred and ne unusuval changes in behaviour and appearance were noted.
Animals on the fish diet gained slightly less weight than controls, the males more than
females, but there was no difference between irradiated and non-irradiated fish diets.
Heematology and clinical chemistry revealed no abnormaliries except for an increased serum
alksline phoaphataze level in rats fed the irradiated fish. No corresponding abnormal
histopathological findings in liver or gut were noted, There were also inconsistent
variations in SGPT, SGOT and blood glucose levels not associated with any organ pathology,

A subsequent extended repeat study over 3 weeks, only concerned with SAP levels and using
irradiated and non-irradiated fish diets, was unable to reproduce the persistence of elevated
SAP levels nor were there any unusual wvariations in other ¢linical enzyme levels, The
original finding therefore appears to have no biological significanca, Urinalysis, organ
weights, gross and histopathology showed no treatment-related adverse findings except for
increased spleen weight in females fed irradiated fish, Since this was not associated with
any histological or haematological abnormalities it is of no biological significance
(Keplinger et al,, 1975; McGregor, 1976a).

Cod fillets: Fillets of skin-on cod, pre-treated with a 15% W/V solution of tetrapo-
tassium pyrophosphate to prevent fluid exudation from the cut surfaces, were irradiated with
0.6 Mrad gamma radiation at a rate of 0,04 Mrad/hour‘ After storage for 12 days at 0-4°C,
the cooked fish was incorporated at 45% of the diet for one group of 16 male and one of 16
female SPF Wistar rats, The remainder of the dier consisted of Heygates vat cake powder,
Similar groups of 16 male and-16 female rats were fed a comtrol diet of unirradiated cooked
cod (45%) in rat cake powder (55%), No negative control groups (non-fish diets) ware
emp loved.

No effect on body weights or haematological parameters was observed, during 90 days on
these diets, which could be related to treatment, There were no significant differences
berween treated and control groups in terms of absolute organ weights, but in females fed the
irradiated fish diet relative weights of liver, uterus and caecum were significantly lower
than those of the coatrols. No vnusual lesions were observed in rats of either group at post-
mortem and there was no association between the incidence of the lesions observed and
itradiation treatment. At histopathological examination, there was no evidence of anm effect
on the range of organs and tissues studied, but sections of pituitary gland, brain and bladder
were not included (Hickman, Law & Ley, 196%),
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Haddork: Frozenm haddock fillets were irradiated at levels of 3M and 6M rep gamma
radiation (11-14,2M rep/h), and fed for eight weeks to groups of 10 male Holzman rats as
35% of the dry weight of the diet, The remaining 65% of the diet was a nutritionally
adequate synthetle ration, Diets containing uvnirradiated haddock were fed to the control
animals, No negative control groups were empleoyed. There were no significant differences
between rats fed the lrradiated or vnirradiated fish diet. Food congumption and feed
efficiency were also unaffected by irradiation treatment, There were no obvious effects on
the appearance or behaviour of rars in the treated group, and no abnormalities of "internal
organs" were noted upon gross examination at the end of the study, No other parameters were
monitored in this study (Read, Kraybill & Witt, 1938).

Floundetr: Three groups of rats (Sprague-Dawley) each comprising 40 males and 40 females
will be fed for 90 days from weaning a diet containing either stock laboratory diet or 437
{wet weight) non-irradiated fish or 45% {wet weight) fish irradiated with 175 krad. A
preliminary pilot study over 28 days using & males and 8 females per group om 2 groups given
either stock diet or 453% (wet weight) fish in their diet showed no adverse effects as regards
body weight gain, food consumption and food utilization, appearance ot behaviour, The main
study has been under way 9 weeks. So far there have been no significant differences as
regards body weight gain, behaviour and appearance, between the three groups. Food intake
of the groups on fish diet is slightly higher than that of the control group (Parke & Ravert,
1976),

European plaice: Three groups of Charles River CD rats, each comprising 40 males and
40 females will be fed for 90 days from weaning a diet containing either stock laberatory
diet or 45% (wet weight) non-irradiated fish ar 45% (wet weight) fish irradiated with 175 krad,
A preliminary pileot study over 30 days using 10 male and 10 female rats per group on three
groups given the above diets showed no significant differences except for females given
irradiated fish at week 3 and some slightly lower body weight gain for males given irradiated
fish as well as both sexes given non-irradiated fish, No results are as yet available on the
main study (MeGreger, 1976b).

Mackerel {Indian): Three groups of Wistar rats, each comprising 40 males and 40 females
will be fed for 90 days from weaning a diet containing either standard laboratery diet or 35%
{dry weight) non-irradiated fish or 35% (dry weight) fish irradiated with 175 krad,  Three
gtoupg of 10 male and 10 female rats were used in a preliminsry study having been fed these
dieta for 56 days, Body weight gains ¢f the males and females given the fish diet were
graater than those on the control diet, Food intake was comparable for all gzroups, the
negative control group consumed more food. Water intake was similarly comparable but lower
in the control group, The results of the main study are still to come {Nadkarxnil, 1976).

Boiled fish paste (Kamaboko): Groups of unstared numbers of rats were fed for 3 months
elther stock diet or diets containing 7.5% and 15% of Kamaboko, either not irradiated or
irradiated at 300 krad. Thece studies have been completed but the results are not vet
gvallable (Matsuyama, L976).

Two proups of 6-~10 male rats received either 45% (wer weight) irradiated redfish
(200 krad) or non-irvadiated fizh, Animals were killed at 3, 7, 21 and 42 days. Animals
receiving fish whether irradiated or not gained weight satisfactorily, Liver weight was
unaffected. The microsomal protein content of rhe liver was somewhat increased but declined
with time, Cytochrome Pi5q was decreased slightly in the animals given irradiated fish.
Anilime p-hydroxylase activity and aminopyrine-N-demethylase activity were mot affected to
any significant extent, Hexobarbital sleeping time was slightly increased but the effects
varied randomly with time (Benakis, Corthay & Medilanski, 1976),
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50% cod/ﬁO% redfish: Three groups of beagles, 4 males and 4 females as contrals, 8 males
and 8 females in each of two test groups were given for 1 yvear either stock ration or 40%
nou-irradiated or irrvadiated (175 krad) fish in their diet, After 9 months, no treatment
related differences were noted in the groups with vegard to behaviour, mortalitvy, haematology,
organ funetien studies, urinalysis, ophthalmoscopy and physical examination. The body weights
of test group males are greater than those of negative controls while the body weights of test
females were at first lower than untreated controls bur are now similar, Food ¢onsumption
was comparable in all groups but higher on s wet basis than in untreated controls probably
dug to increased moisture content, Blood chemistry valuas were comparable but serum
cholesterol was lewer than in untreated controls, The study is continuing (Keplinger et al.,,
1976a; Keplinger et al,, 1976b).

Tuna fish: Three groups of 6 weeks old beagles, 2 males and ? females as controls,
2 males and 3 females for each of two test groups were given for 2 years either unirradiated
or irradiated (2,29 snd 5.58 Mrad) tuna fish at 35% of their dier, There were no differences
in the growth curves between the 3 groups, Haematological data were comparable for all
groupa. Controls were bred twice and test groups once using stud dogs, There were no
gignificant differences as regards number of conceptions, number of pups whelped and mumber
weaned between the 3 groups. The histopathology and gross pathology showed no adverse
effects resulting from the tuna fish diet (McCay & Rumsey, 1960).

Long-term studies
Mouses;

30% cod/SO% redfigh; Three groups of 50 male and 50 female mice were selected from the
Fla generation of a multigeneration study for an 80 week earcinogenicity study, which is now
at about 41 weeks, One group is receiving stock diet while the other two groups are given
unirradiated or irradiated (175 krad) fish ar 45% (wet weight) of the diet, Survival in the
controls is somewhat better than in the groups on fish diet and better for males than females
but there are no differences between the irradiated and non-irradiated diets, Body weights
are stable and incressing slightly and no treatment velated effects have become apparent, The
study is continuing (Ward, 1976), '

Cod fillet: In an BO-week study, groups of 1! male and 11 female C3781 mice of an SPF
substrain were given diets containing unirradiated and irradiated cooked fish (45%). No
negative contrel groups wers employed. Irradiation was conducted by using gamma radistion at
a dose of 0.6 Mrad, and the treated fish were stored for 12 days at 0-4°C prior to cocking,
Fish were then removed from their nylnn/polyethylene laminate package and cooked by Steaming
for 40 min,

No differences were observed in the body weight gains or survival of male animals of
treated and control groups throughout the study,

Only four animals died prior to the termination of the study, and nce abnormalities were
observed during histopathological examination of the following tissues: thyroid, salivary
gland, spleen, liver, small intestine, colon, adremal glands, kidney, ovaries, uterus, testes,
heart, lung and thymus, Other rigsues were examined in cases where macroscopic abnormalities
were noted.  With the possible exception of the genital tracts, lesions and tumours observed
were randomly secattered throughout the groups and were typical of those obsarved in aging
mice, The only clear differences were in the incidence of atrophiec ovaries (5 in trezted and
2 in control group), atrophic uteri (5 in treated and O in eentrol group) and total testicular
lesions (& animals showing severe atrophy in the treated group and 5 in the centrol group),
Atrophy of the genital tract is, however, a common old-age finding in the strain of mice used
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50 that the differences in incidences between the treated and control group are unlikely to
he related to irrvadiation (Hickman, Law & Ley, 1969},

Haddock: TFillets of haddo¢k were packed in polyethylene bags, heat-sealed and irradiated
with Q0.2 Mrad gamma vadiation (wsual exposure time half-an-hour), After storage in crushed
ice, the [ish were removed from their polyethyiene bags, wrapped in foil and auvtoclaved for
10 minutes at 250° and pressure 15 p.s,i. The product was finely ground and used as 50% of
the diet for ome group of 100 male and LO0 female random-bred Swiss albino mice. Similar
groups of 100 male and 100 female mice were fed with either cooked normal haddeck (50% of
diet), standard diet (laboratory chow) or diets containing 0.,03% 2-acetamido~fluorene (2Z-A¥),

Rody weiphts revealed comparable growth curves for mice fed irradiated and normal haddeck,
although the growth performance of mice in these two groups was slightly less than that of
corresponding ¢ontrol animals, Treatment with irradiated haddock did not appear to affect
gither the appearance, the Lehaviour or mortality of treated animals, but a high level of
carly mortality was associated with rhe feeding of the carcinogen 2-AF, All enimals dving
prematurely or which were sacrificed before the end of the study (53 animals in negative
control group, 73 in positive control group and 35 in irradiated diet group) were subjected
Lo pCOSSE NeCcTopsy. No significant effects were noted on tumour production as a result of
ingestion of irradiated fish (Proctor, Rona & Chappel, 1971).

Rat:

507 vod/%0% redfish: Three groups of 50 male and 50 female Fla Charles River albino
rals exposed in utero were fed diets containing either 45% non-irradiated or irradiated
{175 krad) fish or stock diet for 2 vears, Body weight gaine of the males on test diets
were lower than those of the centrels but females reached control values after the fifth
weelk. There were no differences between groups fed irradiated or non-irradiated fish. Food
consumption was comparable in akl groups and no treatment-related meortalities or unususal
hehaviour were noted. Haematology, urinalysis and clinical biochemistry trevealed no treatment
related abnormalities except elevated serum alkaline phosphatase values among males on the
irradiated diet, Females showed a similar rise but only for the first & months of the study,
No histopathological anomalies were associated with this finding neor ceuld this phenomenon be
reproduced in gnother study (McGregor, 1976a) using irradisted fish., Organ weights were
comparable and histopathology revealed no specific treatment-related abnormalities or tumour
production {(Keplinger et al,., 1976¢).

God fillet: Two groups of 16 male and 16 female albino rats (Wistar strain; SPF) were
given diets containing 45% (wet weight) of non-irradiated or irradiated fish (600 krad) for 2
years, No negative control was used, No differences were observed in the body welght gain
of male animals up to week 753, Growth data for females were analysed only up to week 38 but
during this period the body weights of treated femesles were consistently higher than those of
females fed the non-irradiated fish, Excepting three control female racs that died during
or as a result of pregnangy, only one rat died before week 73 of the study. No abnormal
histopathological findings were observed in the brain, thymus, salivary glands, bladder,
ovary, uterus and small/large intestines, The only notable finding in other oxgans and
tissues concerned the imcidence of pituitary adenmomata in female animals (3/6 females in the
irradiated diet group and 1/2 females in the untreated group with no lesions in the one male
examined), It iz unfortunate that the ¢ rats examined in this respect were not evenly
distributed between the groups. However, this finding was probably unrelated to treatment
since the oceurrence of pituitary adenomata is not uncommen in the strain of rats used
(lickman, Law & Lev, 1963),

Fich paste (Kamaboko): A two-year feeding study with groups of Wistar rats fed either
laboratory diet or diet containing 2% or 7.5% Kamaboko (irradiated with 450 krad) is in
progress (Matsuyama, 19763,
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Marinated herring fillets: Four groups of one-month old Wistar rats, each consisting of
15 males and 15 females, were fed marinated herring fillets on a 50% wet-weight basis,
Group 1 received non-irradiated marinades stored at 4°C for s menth, Groups 2, 3 and 4 were
fed 480 krad treated marinades without storage, 160 krad trested marinades without stoTage
and 160 krad treated marinades with one month post-irradiation storage respectively. The
animals were maintained for Z years, They were mated after & months of the experiment for
the production of 3 successive generatioms, Parameters measured in the experimental animals
were: food and water intake, weight gain, blood analyses, teratogenic potentisls and
chronaxie messurements. Necropsies were performed and microscopic examination of metabolic
organs carvied out, Of these parametexs only the cortical chronaxie measurements showed a
slight increased excitability in the central nervous system of animals maintained on the
product treated with radiation doses as low as 160 krad. However, there was no histological
or behavioural abneormaliry. The irradiated product had no adverse effects on reproductionm
and produced ac teratolegical anomalies (Schvnborn & Kinkel, 1972).

Three groups ol 15 male and 13 female rats (Fischer strain) (FO generation) were kept,
from wesning, on either purina chow or diet containing 287% (w/w) of non-irrgdiated or
irradiated (200 krad) fish., At 10 weeks the Fla was produced and subsequ