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DEPARTMENT OF CHEMISTRY 

HAYEMEYER H A L L  

L t .  Cslonel  T:.-ron 3 .  Huber 
Research and Il?vdopmtnt, Divir,i on 
Of f i c?  n f  t i l e  SurF;eoii f k n ? r a l  
llepartmcnt o f  t h e  Army 
l$ashin@cn 25, D. C. 

Dear Colcn-1 Iluber: 

Professor  Kine hns asked me t o  send you t h e  enclosed 

copy of a manuscript  mtit ls?,  " N u t r i t i o n a l  nnd Biochemical Ef-  

f e c t s  o f  I r rad ia t , ion ,"  b,y PeckFr, Kung, Barr, Pearson, and liing, 

which has been accepted f o r  pub l i ca t ion  i n  FOOD T V X N O L N Y .  The 

manuscript  i s  based upon t h e  p re sen ta t ion  made a t  t h e  I n s t i t u t e  

o f  Foxl 'Technolocjs ts  m e e t i q  i n  June 1955, v i t h  some minor chanEes 

sugF;psted by t h e  referee.  

Very s i n c e r e l y  yours,  

Robert R. Becker 
I n s t r u c t o r  i n  Chemistry 
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R. t?. Iiecker, 1L-C. liun~, ?I. P. Barr, ConstRnce S. Pearson, and 

c. G. KLng 

Department of Chemistry, Columbia Vniverolty, New Xorlr, N. Y. 

Introductio~r 

Fxprimonts c m h d  out In me.ny lnhorntorie8 have show 01ewl.y 

that certain ss8ontlal nutrients ftm doatmyel tu varylner dagrser uhm sub- 

jected to a t e r i l l z w  dorea of rd ia t ion  (1, 2, 3, 8, 10). I t  has bem 

amply dsmnstrstsd also that undsairnbls ohangss i n  flavor, odor, color, 

nnd trxtw occur, but it l a  hoped that three Uifficultfe8 aoy bs 

o ~ e m m .  It l e  of obvious importance, alao, that  the chemical ch8nges 

produced by lonlzlng mdiatlan do not lead t o  inJUrbU8, Umdro;laaom., or 

carcinogonic compunils. 

a ~ r i r w n t s  i a  available to ~ V Q  indications aa to whether or not such 

Uttle infomation derived from lonpterm feadlng 

changes oacur. nils paper prassnta =me of the nrnilt.8 of a lon@erm 

femdlng umrimmt carried through thrse gonerations of mqmrlmontal 

anlmla, M w e l l  ns certain detn regarding destruction e p c f f l o  nutrlmt8. 

+I Paper prernnbad rt  the Annual !hating of t h e  Institute of Food Technolo- 

gf&s,  Columbus, '!l?lo, June 15, 1955. 
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k large amount of infonmtion ngardinR rspduct ion  and longevity 

ham barn accwarlstatd over R psriod of yeare on continuing generations of 

albino rats of tho S F e r n ~  s t r a i n  fed a diet  m m p a d  of ground whole +e&, 

whole milk prder, and ualt. It is  knorms too# that thie strain of axpri- 

m e n t a l  a n i s a l s  is maca$ib3e t o  cerCRin carainoganio agents. 

dlet waa FXVqXWQd by mixing 53 g. of Irradiated butterfat (1.68 x 1& n p  

i n  a Cob ao iwe) ,  and ut7 g. of sklm milk yowder, i n  mbetltution for 

Vi0 teet  

290 g. of whole milk yonder, RJ used in Profaasor Shorm~n*a oxpsrinsnts. 

Tho other dietary components wera loo0 g. of ground whole h e a t  arul 20 g. 

of salt .  qoth the control and curFerimental groups received vitamin A and 

D suppleasnts. 

>?on wlmls of tlie s m  U t t e r  reached sixty-three day8 o f  a@, 

they !are placed i n  braedin;: cagoa (one d n  per f d e ) .  

uers eoparxtml t o  aLr,qls ctqps u n t i l  tholr offsprini: rerchod twontpolKht 

I’MpMt famalao 

daya of age; then the mthw W%B pt back i n  the originrll cage. In the 

first gmeration, eix fernalee each worn umad in the control and expsri- 

mental g r o ~ p ~ .  Tliirt:i-two rats, sixtoon malee md uixtsan frmalea, of 

tho second generation (mtchod offspring of t h e  first gmorrrtion) end tho 

a- nuaber froin the t.hir4 goneration testod i n  the 8818(1 w. The 
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rats were woif;horl mice R wonk. !Wier data were recorded on t h e  bnois  of 

d s i l v  obsarap.t.5ms o f  all .mi.nala. 

Gmwt,h dnts for t.!i~ n t .? .~~  of three &enorations are show i n  

Figurea I, TI ,  m i l  l i l .  The, ~mwtlk pattern was n lmi l r r  I n  al l  poups, 

md, althcnfiil t'ln v ~ ~ t m l .  t:muim i n  the f i r a t  nnd th i rd  genarst3ons ahowed 

s l i g h t l y  ;<rwtr-r +:?ins f t i  w d F ) a t ,  t he  llifiarencna were not sigd.f'lcmt. 

Figurn Ty includn8 the p w t h  curve8 f o r  fenalee of t h m e  genera- 

tlons up to tile *Le of 70 day.9. It is ovidsnt t h a t  no e ip l f i can t  differ- 

ence una found i n  this respect, nor was there a mi&ficant d f f s m n c e  in 

t he  average wejght or yuuii nt 28 days, AB shown in %ble I. The s l lgh t  

dlffernnces i n  body weight o f  the p u n s  at  28 days mre favorable t o  the 

control groups, hok.!?vnr, in the t h r e e  auccessive generatiow. 

All ferndm of tho i n i t i a l  g w p  ( f i r s t  (;marat-ion) proved t o  

be f e r t i l e .  Forty-ono l i t t e rs ,  with 280 p u n g ,  were daUvsr%d by t h e  six 

control  fertnles, corn&wad w i t h  twenty-aight l l t t a r a  and 193 younu, b j  the 

a h  a x p r i m n t d  fanTrlear (Table 1). This difference, thirkeen U t t e r s  and 

elghtp-oeven : D U ~ ,  ia &*ti s t i c a l i y  nlgnlf icmt..  
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Table I 

I;OIlbI?ltiOIl 

i)i et 

!lumber of 
feaalsa mated 

Nunbar of 
litterm born 

Nu&er of young 
born 

Nuder of young 
ranred* 

Number of femalsa 
rqred* 

Number of d e e  
r e d +  

Averago boqy might 
of goung at 28 daye 

I 

coatrnl irra. 

6 b 

w 28 

280 193 

239 151 

4 1  87 

108 61, 

39 37 

II 

control irrsd. 

8 8 

b7 39 

307 293 

2& 262 

135 lI2 

la 120 

qa 39 

I11 

contml i 1 ~ 6 d .  

R 8 

r+o 33 

269 239 

215 215 

109 108 

106 w 

h l  30 

i t  Young mts worn reared t o  28 dare of age, t h a  either kept hr Sxp.rhm% 

or aaarifiaod. 
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Table XI 

Flumbsr of Utters psr F d s  

Generation Control Dqmriumntal 

tam P.D., mean Pa.* 

I 6.8 f 0.5 4.7 k 0.6 

IT. 5.9 i 0.7 lr.? i 0.8 

111 5.0 3 0.5 4.1 f 0.5 

* Probable deviation of the wm. 

Table I11 

I h6.7 f 4.2 32.2 f 4.8 

11 38.L 2 b.6 36.6 .f: 5.k 

I11 33.6 C 4.5 29.9 t 3.7 
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Tho reaootis for t l m  n.U&tIy poorer perfonnonce of tho anhlm,?ls on 

the ~~nrI,tla.li:f $r:-di-.t.q!l d i e t  iirP ncrt c l o w .  Lrbrk i n  other lahora1;ories In 

addition to our own, iian ehnhn tha t  vitaadrl F, is ra~iAtion-sanRitiva, and 

othsrs hnvn r-iort-rl thnt a deficiency developed i n  anirndo fed ai imwilntad 

d i n t .  :?:e 42’0 curreritl.y checkin6 t h i n  p o h t  i n  feetilnc caxpwiwnta rclmilw 

to those ;wt. I rwr ihd ,  fa h*tr;$ v i tmin  F: i n  beinl: OiMn J.ndojvm%mtLy aa 

a supplement. The moiilte are not yet definlts.  Ihe cornpaltion of the 

d ie t  wan such thnt one woultl not. expeat 4 deflclsncp of xitamin P, to occur 

unless the msidunl  peroxides i n  t h e  irradlatd butterfat, upon mixing, 

dastmyod the tocayherols pr.itsent i n  the g m ~ d  whaat, which contdns &out 

Z mg. of the vitamin / 100 R. 

Induotriea has kindly analyzed our irrediitod butterfat, an well BE wheat 

gem o i l  by both n chmlcal method and by bioassay. 

cated a a l i & ! t  (aFj:artmt) increase i n  t h s  tonopharol content o f  both pro- 

d u c t ~  after irrrdlntlon. 

I k .  ! h n l a y  Anma of  Motil latlon I’raltucts 

C h d c d  nsstqs h d l -  

Hmmvsr, blonmay8 showed ovor 00 pur cent 

destruction of the vltmmln In butterfat, .and nhut 15 per cent dest,miction 

i n  wheat gem oil . .  n m n  d.?tts nre rnvsnarleed In Tahle Iv. 
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Table N 

Bioasaw, I .IJ./~.  

(dl-ditocoph~rOl 
acetat.) 1.06 0.92 

Butterfat s L 
hotmation Untreated Irrtadiatrd Dewtruction 

- 0 0149 0.061 - 

JI 0.031 0.005 82 

13 0.036 0.006 03 
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Tha f o m t i v n  of ;maraxides and other oxidative Chm~gef~ in fats 

hrlvo been rI-mn*trstod in ncvorr*l. labbcratvriea ( I , ,  5, 6 ,  7). 

with our faodly: mxxperinnnts, -40 hnva also dstarminad poroxlde vali~oo ln 

In conneotlon 

aewral fnts,  incluriln;: hutlorfat, which has beer\ mora extoneirelF sturiied 

by iiannsn (3, 5, 10). Typical data a m  mmaarized i n  F igure  V. It 1s 8p- 

p-t that  under thess C ~ ~ ~ ~ ~ l ~ ~ o t ! ~ ,  tho -t O f  pOrOxlda pg./g.) in- 

crwaeee with increase in doeago (69,000 rep  per hour3. 

in the  acetyl  value of irrndlntod butterfat  WILE found (controls, 6.1, 6.1, 

L.9; i r radiated a t  1.7 x 10 6 my, 7.3, 7.3 nnfl 6.1 rarpftctivsly). Wmthsr 

or not t h i o  d g h t  change in ap;'want hydroxy aclde would hnve an C f h c t  

on our aaprrimental nnimals is not knawn. 

A s l igh t  incmnse 

?he rrzdintion-induced dmtructlon or essmtlnt nutrients nnd of 

onsymes In foods has besn studfed quite extensivsly (1, 2, 3, S f .  

mltr of  ouch atudles have shorn t ha t  the d t & e  61- d e&royd In Widely 

varying dsgmbo, and tha t ,  i n  general, ensyms are re ln t ivdy  stable. 

Ihe re- 

Typicsl r e su l t s  o t  t,estn OII mlLk nrm h o w  i n  Figure V I .  

V l t d n  4 and ascorbic acid were hl&hl.y sensitive t o  rfsstructivn 

within the t i n o  pariod rcrrpiira4 for e ter i l l sa t ion .  Cnrottnolda md r i b  

flavin WDM drsratn1: l  trcnr5tivr. ?he ensyme phoar~almm~ howavnr, 
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wNch 18 vaqy s.mai.tSvs t o  )1+14t, :nactiwtion, was only sl ightly chanpd during 

inhibition of tddntdve chanjisn that  occur upon irrndlation. In these studiem, 

l n i t l a l  rate I?.t% at low h ? 3 ~ 4 ~  uore obtained, and in tmprs tad  on th8  basir 

of th. ferrous-ferric reaction under elmller aonditlons (11). me stniohiu- 

“txy o f  t h e  mrcticn, inchdin4  data on t h e  amount of oxygen canmvndl, 

leads t o  a pootulatd rnoch‘wicim as folhmr 
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A lan&crm feorliny experinrmt with albino rats, in which the butter- 

f a t  prtim of tho dlot, condst.ing of five s i x t h s  whole mound wheat and m e  

r m h  povdered whola dLk, was irrRdi6ted fmn a CO6O BOucDe (,,dose = 

1.68 x 10 6 rep), haa shown no evidence of onrcinogmiaitJr in three psneratlonn 

Growth ratoa of the  test and centxwl groupe showed no ri;nlflc.nt of an.I.de. 

differe~?68, although slight differences tended t o  f8v8r the aontrol  group. 

me reprduotive parformsnce o f  aniraale on the plrtially irratLi8t.d 

diet  waa below that of th9 aoritrol gmup, for ~ B M ~ S  l o t  yet clear. The dif-  

ference lor the first. pneratioo ~ m u p  wan hi$hsr than the later o&.hier 

(2nd and 3rd generations.  

Oxidative c h m p 8  i n  eovera1 fa t s  similar t o  thosa  rclprted b7 

ether l&orst,orlas tiwe honn found, inclUdlng n murked rim in psmxidrs end 
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a oU&t increase in acetyl values. 

Nutrient loas WAS grsztest in aoaorbia acid and i n  the fat mlublo 

constituents, vit,nmin A, c.rUvlt.snea and vitamin E. msynw inactivatien 

tends t o  be very slight, relative t o  nutriant daatructian or sterillming 

donagr, when radititlori la c~npHMd with heat effects. Hence a relat$vely 

mlld combinntion of both mn,y offor advantagee mer sither, alone, in 

specific prociucts. 
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Food Inmrrtigatioq, (.Specid Repod No. 

11. Barr, W. F., nnd King, 1:. G , ,  .1. Am. Chaa. 
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