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these, as well as other values obtained by extrapolation from tri- 
glyceride models may seriously overestimate the amount actually 
produced when beef is irradiated in a frozen state. Free fatty 
acids and diglycerides occur naturally in many foodstuffs, are 
normal digestive and metabolic products, and are authorized 
additions to food for desirable technical effects. The amounts 
produced by irradiation would be small compared with their intakes 
from other sources and would not be expected to have adverse 
health effects. 

Less is known of the diol diesters, the other major pro- 
duct of fat irradiation. There is evidence that they are natural 
constituents of mammalian tissues and that they are produced in 
significant quantities during normal heating processes of fatty 
foods. Thus, tricaproin heated at 270°C for 15 hours produced ten 
times as much ethane dioldiester as did 60 kGy (6.0 Mrad) irradia- 
tion at 25OC. However, metabolic and toxicity data are not avail- 
able on the individual members of this family, precluding any firm 
judgment of their possible health effects. 

Based on studies with tricaproin, the only other radio- 
lytic products present in detectable amounts were esters of fatty 
acids and diglycerides, aldehydes corresponding to the fatty acid 
components of the fat, and alkylcyclobutanones. Various a:Ldehydes 
have been detected in irradiated beef in concentrations less than 
one part per million and were considered in the previous report to 
pose no hazard in these amounts to the consumer. It is be.Lieved 
that the esters would be hydrolyzed by gastrointestinal and tissue 
esterases to yield harmless levels of fatty acids and digly- 

'Derides. 

i 

Nothing is known of the fate and toxicity of the alkyl- 
cyclobutanones, 
health effects. II so no judgment can be rendered on their possible 

Although relatively few radiolytic products have been 
detected in irradiated beef or model systems, and even fewer have 
been determined quantitatively, many more are possible theoret- 
ically. Many of such putative products are found in natural 
foods, added during food processing, produced during cooking, or 
present in the body as normal metabolites. As Nawar (1977) has 
pointed out, the nature of decomposition products formed by 
irradiation and heat treatment are quite similar, with many more 
of such compounds identified in heated or thermally oxidized, than 
in irradiated samples. 

It is not possible to compile a complete inventory of all 
the components of natural foodstuffs nor of all conceivable irradi- 
ation products. The possible presence of undetected substances 
can never be excluded. For this reason, it is desirable to com- 
plement such chemical studies with animal feeding experiments in 
which the effects of irradiated and of nonirradiated beef are 
compared. Such experiments provide an added approach to determine 
wholesomeness and safety of irradiated foods. 
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VI. CONCLUSIONS 

In the light of the foregoing considerations, the 
Committee concludes that: 

1. Many of the radiolytic products in the concentrations 
estimated to be present appear to pose no hazards to consumers of 
beef irradiated in the described manner. Such products include 
the individual fatty acids and their simple esters, glycerol, 
mono: and diglycerides, diglyceride esters, aldehydes, and ali- 
phatic hydrocarbons. 

.- 
./ 2 l 

Insufficient data are available to allow judgment of 
the effects on health of the individual diol diesters and alkyl- 
cyclobutanones presumably present. Metabolic and toxicological 

i-studies of these compounds are desirable. 

3. No evaluation can be made of other compounds theoret- 
ically possible in small amounts, but which have not been demon- 
strated in irradiated beef or model systems. Because no analysis, 
however exhaustive, can exclude the possibility of the presence of 
such theoretical but undetected constituents, no unequivocal demon- 
stration of safety seems possible from consideration of individual 
radiolytic products alone. 

4. It is desirable to couple chemical studies as 
described in this report with suitable animal feeding studies to 
provide complementary approaches to ensure the wholesomeness and 
safety of irradiated foods. 
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INTRODUCTION AND BACKGROUND 

The Irradiated Foods Committee was authorized on September 10, 1979 

and established on October 23, 1979 to provide a total reassessment of all 

relevant issues applicable, to irradiated foods. Since that time the 

Committee has become acquainted with the subject and accompanying problems 

by reviewing the relevant literature, interviewing appropriate FDA 

personnel and internationa,l experts knowledgeable in the area of radiation 

chemistry and toxicological evaluation (see Appendix I > . 

The Committee was charged with the following tasks: 

1. To review current policy. 

2. To examine the foundation and soundness of that policy and its past 

implementation, and. 

3. To establish those toxicologic requirements appropriate for 

assessing the safety of irradiated food consistent with the level 

of human exposure, where the degree of testing is consistent with 

the potential risk as predicated on the level of human exposure. 

These requirements would be analogous to, and consistent with, the 

philosophy supporting the Cyclic Review of direct additives. 

The Committee emphasizes that this report is a policy recommendation 

. . 
and not a petition, petition guideline, FEDERAL REGISTER (FR) document, or 

a comprehensive review of all data submitted to FDA and all available 

scientific literature. We forsee the development of guidelines for 

petitioners and a FR document as tasks of future committees. 



- 15- 

1980 POLICY BECOMMENDATIONS 

The Committee's main task was: to establish those toxicologic testing 

requirements appropriate for assessing the safety of irradiated food, 

where the degree of testing is compatible with the potential risk as 

i.ndicated by the level of human exposure. Based on what we have learned 

from our review of all aspects of food irradiation, it is apparent that 

any toxicological testing requirements must also be predicated on the 

amounts of new chemical constituents generated by the irradiation process 

(DRPs). Hence, the components of any new policy for assessing the safety 

of irradiated food are: 1) projected levels of human exposure; 2) 

qualitative and quantitative estimates of URPs; and 3) state-of-the-art 

sensitive toxicological tests. 

While numerous efforts to estimate food consumption have been made, it 

is generally recognized that no single approach provides sufficiently 

accurate data. Hence, our projection of human exposure to irradiated 

foods will necessarily suffer the same limitations. The committee 

utilized estimates of a> total food consumption, b) dietary items proposed 

Ear irradiation and, c> the percent of each dietary item which may be 

irradiated. (See Human Exposure, Appendix III>. These factors will vary 

with the specific food under consideration; however, a rough estimate 

based on these factors suggests that 10% of the total diet may consist of 

irradiated food in the near future. 
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these, as well as other values obtained by extrapolation from tri- 
glyceride models may seriously overestimate the amount actually 
produced when beef is irradiated in a frozen state. Free fatty 
acids and diglycerides occur naturally in many foodstuffs, are 
normal digestive and metabolic products, and are authorized 
additions to food for desirable technical effects. The amounts 
produced by irradiation would be small compared with their intakes 
from other sources and would not be expected to have adverse 
health effects. 

Less is known of the diol diesters, the other major pro- 
duct of fat irradiation. There is evidence that they are natural 
constituents of mammalian tissues and that they are produced in 
significant quantities during normal heating processes of fatty 
foods. Thus, tricaproin heated at 270°C for 15 hours produced ten 
times as much ethane dioldiester as did 60 kGy (6.0 Mrad) irradia- 
tion at 25OC. However, metabolic and toxicity data are not avail- 
able on the individual members of this family, precluding any firm 
judgment of their possible health effects. 

Based on studies with tricaproin, the only other radio- 
lytic products present in detectable amounts were esters of fatty 
acids and diglycerides, aldehydes corresponding to the fatty acid 
components of the fat, and alkylcyclobutanones. Various aldehydes 
have been detected in irradiated beef in concentrations less than 
one part per million and were considered in the previous report to 
pose no hazard in these amounts to the consumer. It is believed 
that the esters would be hydrolyzed by gastrointestinal and tissue 
esterases to yield harmless levels of fatty acids and digly- 
cerides. 

iI 

Nothing is known of the fate and toxicity of the alkyl- 
cyclobutanones, 
health effects. I so no judgment can be rendered on their possible 

Although relatively few radiolytic products have been 
detected in irradiated beef or model systems, and even fewer have 
been determined quantitatively, many more are possible theoret- 
ically. Many of such putative products are found in natural 
foods, added during food processing, produced during cooking, or 
present in the body as normal metabolites. As Nawar (1977:) has 
pointed out, the nature of decomposition products formed by 
irradiation and heat treatment are quite similar, with many more 
of such compounds identified in heated or thermally oxidized, than 
in irradiated samples. 

It is not possible to compile a complete inventory of all 
the components of natural foodstuffs nor of all conceivable irradi- 
ation products. The possible presence of undetected substances 
can never be excluded. For this reason, it is desirable to com- 
plement such chemical studies with animal feeding experiments in 
which the effects of irradiated and of nonirradiated beef are 
compared. Such experiments provide an added approach to determine 
wholesomeness and safety of irradiated foods. 
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VI. CONCLUSIONS 

In the light of the foregoing considerations, the 
Committee concludes that: 

1. Many of the radiolytic products in the concentrations 
estimated to be present appear to pose no hazards to consumers of 
beef irradiated in the described manner. Such products include 
the individual fatty acids and their simple esters, glycerol, 
mono- and diglycerides, diglyceride esters, aldehydes, and ali- 
phatic hydrocarbons. 

2. Insufficient data are available to allow judgment of 

\ cyclobutanones presumably present. Metabolic and toxicological I the effects on health of the individual diol diesters and alkyl- 

1 studies of these compounds are desirable. J ‘L-1 
3. No evaluation can be made of other compounds theoret- 

ically possible in small amounts, but which have .not been demon- 
strated in irradiated beef or model systems. Because no analysis, 
however exhaustive, can exclude the possibility of the presence of 
such theoretical but undetected constituents, no unequivocal demon- 
stration of safety seems possible from consideration of individual 
radiolytic products alone. 

4. It is desirable to couple chemical studies as 
described in this report with suitable animal feeding studies to 
provide complementary approaches to ensure the wholesomeness and 
safety of irradiated foods. 
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Ae originally ret up and eubrequently modified, Contrrot a(S& 
1).1186 wan to oovw investigatioar In three more or less dirtlnot, 
though interrelated, aremoe First, under the overall superrision of 
Professor C. G. Xlng, with Dre. R. B. Beaker and 8. C. Kung, the 
effeots of radiation on biooherxloal and nutritional qualltier of 
whole food6 and portions of then me to be studied. Next, miorobib 
logical effeotrr of radiation and their effects on radiation rterili- 
sation proooee design were to be etudied by Profeeeors E. L. Gadea, 
Jr., end E. J. Henley. Last, the poesible applioation of radiation 
to oertain ohemioal problema were to be undertaken, also by Gadon and 
Henley. 

With reorganization of the radiation sterilization program in 
1964, the b!oohemioal and nutritional work mder ABC rponsorship war 
tedted and transferred to the Offioe of the Surgeon General and 
qunrtermaster Corpr Researoh and Development C aamend, U.S. Anay. 
A rest deal of work on (a) the nutritive value of irradiated foodr, 
(bt effects of radiation on epeolflo food oomponents, and (0) the 
meohanirm of radiation-lnduoed de&Notion of certain key nutrients 
(aroorbia aoid) had bean oompleted and these form the subjeot matter 
ofthis repart. 

&me problems ha~a been undertaken by the nutrition and bioohem- 
istry group which have not prooeeosd far enough to warrant a report 
here. Sinoe they are being oarried further under the 0.8.G. program, 
they will be included in progress report8 rolder that oontraot. 

The miorobiologionl and ohwioal phasea of oontraot A!f!(30-l&1186 
till be oovered In part II of this report, to be irssued at the clone 
of the mu-rent contraot period, September 15, 1966. 



AJIIHAL F'EEDIIG EXPERIMEWI! 

R. R. Beolmr, H. C. Kuug and C. 0. ICjEg 

A tm-year Peed5ag experimsnt deeigned to test the poaeible up- 
whole8omsnau8 of pdially irradiated diet8 ir deaoribed in thir 
8eotion. A prelimlnnry aocomt of these rtudier ha8 been given (A). 

Twenty-Pour rate, trelve male8 and lmslve fmmles, obtiined frpr ,, 
Professor Shemum' high generation nt8, eensd a8 the initial group 
of experimental 8niaal8. They were devided into tro group8 of kpelrs 
eaoh. The firrt group, the oontrol, had been fed a oontrol diet, 
Sherman diet 16, oonrirting of 1000 gmm8 of ground whole wheat, 200 
g-8 of whole milk powder and 20 gr8am of salt. The reoond group, 
th8 experimental, hed be8n fed an irradiated diet whioh was prepared 
bymildng 1000 gma8 of ground whole wheat, 147 gram8 of rklm milk 
powder, 65 g-8 of irradiated butterfat and 20 gram8 of ralt. The 
butterfat war irradiated in Pyrex glaer tube by ma-radiation from 
a "kiloourie" Cobat-60 8ouroe at by. average doee of 1,660,OOO 
roentgtmr. Both the oontrol and irradiated diet8 w8r8 rupplemented 
with balibut liver oil for vit+min A and D. "Balivsr" oil (Parke- 
Davir & Co.) diluted with Lesson oil (182 by volum) bsd been 
adopted to feed the rat8 one drop at a time, twioe in a w8ek. 

When the rat8 of the same litter reaohed sixty-three day8 of age, 
the malea and the female8 wre plaoed together and mated in eight 
OwO8. Pregnant female8 were irolated amtil their off8pring reaohed 
tumty-aight dnye of age, then the mother ~88 put baok in the original 
oage . Thirty-two rats, eixtean male8 and crirteen f-188, of the 
reoond gsneratlon (the offrpring of the firot generation) and the 
8-e number of the third generation were t88t8d in the 8-e way a8 
deroribed abovs. The rate were reighed onoe a week, and growth and 
breeding data reoorded. 
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I Ths average body weight of the first, sooond, snd third genera- 
tion male rats is given in Table I. The data show that the average 
body weight of the oontrol and axpsrimsntal aalse inoreased la the 
ssms pattern fromtrrrbnty-eightdays up to seven hundred days of age. 
As is shown In F'igures I, II, and III, the growth data were somewhat 
irregular in the later stages, with the oontrols evidsnoing slightly 
higher and more oomslstent weights. 

I I The averago body weights of the three generation female mts from 
Imnty-ight to seventy days of age are given in Table II and Fig- 
ure Iv. There is ao rigJiieaat differsnoe betueen the growth of the 
oontxol rpd the expsrimental animals. 

All ths twelvm femles, six oontrols and six l xper~ntrl, of the 
initial group (first generatiaP) pro-d to be fertile. Forty-one 
litters, 280 young rats, were dollrered by the six oontrol females as 
oatpared with Westy-eight litkrs, 198 young rats, by the six l rperl- 

, nmntal females (Tab10 III). This differenoe, thirteen litters or 
l igh+sewn Young rats, is rignifioant. The difference in fertill~ 
betuwen the oontrol and experimental groups of the first generatlon 
oan also be seen from the n\nnber of litters per female and the number 
of young per female as shoun in Table IV and V respsotiroly. The 
average body might of their yomg (the seoond generation) at 28 days 
of age of the oontrol group was 39 grsms while that of the experi- 
ma&al group was 67 (about 6s differsnos). 

The results oblxined tram the breeding reoord of the seoond and 
third generation rats are similar to those from the first generation, 
eroept that the differenoes between the oontrol and the experimental 
groups are 18x16 signifioaat than those of the firrt generation as is 
shown in Tablss III, IV, and V. The breeding period of the seoond 
generation females was almost oomplete when the experimsnf was ter- 
*ted. One femaIe of this group on the zperimental diet was 
sterile. 

FFap the breeding record (Tablo III, IV, and V) espeolally of the 
first generation, it ir evident that the fertility of the female rntr 
fed the irradiated diet had been somewhat impaired. For thiu reason 
scme studio8 on the dertruoti~ of titamin Y by gsssm irradiation 
were oarrlsd out, with the oooperatfon of Dr. Stanley FL Ames of 
Mstillatian Produotr Indurtries. Ssmplss of butterfat and rhoat 
gem oil were irradiated (doses 1.2 r lo6 r) in our Coso 80~~00, and 
assayed both ot&oally and biologioally by Dr. Amor' group. The 
rssultr are s-i8sd in Table VI. By ohemioal aasay, there wau an 
apparent inorease in the total tocopherols following irradiation. 
Biological tests show an 82$ destruotion of tooophsrols in butterfat 
u&d 14% An n-heat germ oil. 
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280 193 307 293 269 
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39 

161 264 262 

87 136 142 

64 

37 

129 

42 

120 

39 

215 

109 

106 

41 

33 

259 

215 

108 

107 

38 

l Young rate mx-e reared to 28 dnyu of ago, then either kept for 
l xpedmentor saorifioed. 
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Table IV 
Nunbsr of littersper Female 

Generation 

I 

II 

III 

Control Experimental 

mean : P.D. + me- ,+ P-D.* 
6.8 : 0.5 4.7 ,' 0.6 

5.9 : 0.7 4.9 ,* 0.8 

5.0 ,+ 0.5 4.1 t 0.5 

l Probable deviation of the mean. 

Table V 
Nwnber of Young per Female 

Generation 

I 

II 

III 

Control 
mean 2 P.D. 

l 

46.7 ,+ 4.2 

38.4 ,' 4.6 

33.6 ,' 4.5 

Experimental 
mean f P.D. * 

32.2 f 4.8 

36.5 : 5.4 

29.9 ,+ 3.7 

* Probable deviation of the mean. 


