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A uction

¡ta i
stf'ainh+r’ the appr oadh by which irra d ia ted  foods would be evaluated p rim arily  on chemical data, is  based 
a ll mLkrorwa^d . pn’ nci p le : tha t i f  one_food w ith in  a generic class o f foods is  wholesome when irra d ia te d , 

key re ia+ - s ?T tha t c ,s would be chemically and to x ic o lo g ic a lly  equivalent when s im ila r ly  irrad ia ted  
its  0f  !,t 'l?n?hlps under l ie  th is  p rin c ip le . F irs t ,  tha t wholesomeness is  d ire c t ly  re lated to the typesof , . 1 c h1 n it ip ic . r irb L , unat wno i esomeness is a ire c t iy  re lated to the types and

r  N u r t c  ! °  ys l s products formed. This re la tionsh ip  is phenomenological. Second, tha t the formation o f 
' i t  r i t t  Pt depends on the composition o f the food and on the irra d ia t io n  cond itions, p a r t ic u la r ly  dose itl:®d food P«1, 1978b; Taub e t a l . 1979a). This re la tionsh ip  is  a consequence o f the chemistry in an irra d -

the ” )l!,p° nent being independent o f other components and o f the rad ia tion  energy being apportioned accord- 
ds to h» , fra c tio n  o f eacb component. This consistent chemistry leads to common products and allows 

U ue predicted.
ôper

hedil l t YPo fiCkt i Pn o f Phe chemiclearance approach to irrad ia ted  meats involves in  part demonstrating th is  com- 
C ’ Jte SDeri emI S try in  re levant systems. One must demonstrate tha t reactions occur in  which common in te r-  
iiC 'ts  shQ|1iHSkfr0ni spec ific  components p a rtic ip a te  and u ltim a te ly  lead to a general set o f stable products. 
hL® thPk„ d be obtained from model systems o f food-related compounds and compared w ith resu lts  on foods.

Fih^cte r i2pj? mponents appear in  a more complex state o f organization. The intermediates could be detected and 
Fin? Pcodurt’ pbe severa  ̂ techniques ava ilab le , the most e ffe c tiv e  is  e lectron spin resonance spectrometry.

^iia^e best^separated and id e n tif ie d  by GC/MS and high pressure liq u id  chromatographic (HPLC) tech-
fo0ds such a study, model systems o f proteins and lip id s  are appropriate and should be compared w ith

ap .̂

coLE®sis 0f Cati0n ° f  chemiclearance also involves in part demonstrating the p re d ic ta b ility  o f the products on 
the $nents o ftddd composition. One must demonstrate fo r products derived d ire c t ly  from general or spec ific  

°0d. R bhe food tha t th e ir  y ie lds are c o rre c ta b le  w ith the proportion o f the precursor components in 
6rent c esu'ts_from  quan tita tive  chromatographic measurements should be obtained from homogenized foods o f 

Shipments mposi t lon tha t have been irra d ia ted  under c a re fu lly  contro lled  dose and temperature conditions. 
k6M°f l i p id° f , t h is . ty pe have been carried out on model systems o f m y o fib r illa r  proteins (p a rt ic u la r ly  myosin)
■ ¡L bo j i i  s (P a rtic u la r ly  t r ip a lm it in  and ethyl palm itate) and on enzyme-inactivated chicken, ham, pork, and ̂H
,f|d ?ds to ^ tra te  and va lidate  the approach. These meats in  practice would be irrad ia ted  at -40OC to about 
as tQ demon^r6 t l̂em lon9_term s h e lf - s ta b il ity .  The resu lts  have lead to estab lish ing rad io lys is  mechanisms 
S e ^ n e r i t r a t ln 9 the ra d io ly t ic  s im ila r ity  in  meats. As a consequence, i t  is  ju s t if ie d  to tre a t these meats 
i, L f ' as) and eventually to evaluate pork, ham, and beef by comoaring w ith  chicken, which is  cu rren tly

cxtensive wholesomeness te s tin g .

Samp, AlS And methods
^1] ^  Of
chlc]? Wei»e j!J°del systems and meats to be irrad ia ted  and subsequently examined by ESR or analyzed chromatographi- 

‘ Mor|6?ared 1n standard ways. Models fo r  proteins include myosin and m yo fib rils  extracted from beef and 
¡jHij t °9ranhe ' s ^or l i pids include t r ip a lm it in  and ethyl pa lm ita te , used d ire c t ly  or p u rif ie d  by preparative 

d ’ .Meats formulated and enzyme-inactivated according to methods developed fo r rad ia tion  preser-
1pki at a l.  1975; Heiligman et a l . 1979) include beef, pork, ham, and chicken. Fats from these 

^kea °*en r n  cbFcken preparations were extracted using chloroform. Samples fo r ESR examination were made 
f d in evaods 3rnm x 15mm. Samples fo r  chromatographic analyses were homogenized p rio r to ir ra d ia tio n  and 
r;Vk cuated tin p la te  containers.

Si 5 y ,
° ^ als (1979).

n Pe ex 
ms or

resonance measurements were made using an in s itu  irra d ia tlo n /d e te c tio n  system described by 
can h ( 1979)- I t  u t i l iz e s  a 10 MeV Linac and a spec ia lly  modified Bruker 420R spectrometer. Free 

° f Iq mpe examined under conditions at which they are stable or a t which they decay w ith life tim e s  on ther .  m  - ’ “ " " ' I C U  U I I U C I  L U I I U I  U U M )  U  l  W I I I V . i l  U MCJT C M C  O U U U I C  I u  w » » i i i  V I  iV, ms 0r "lore.
7 V3ato9rapk.

e tPa lC/ analyses ° t  v o la t i le  compounds have been described by M e rritt 
^9791 • The v o la tile s  are vacuum fractiona ted , separated by GC,SÏ"

1970; 1972) and o f nonvolatiles 
and id e n tif ie d  mass spectro-1 y ■*., ■ •'* • 'lit vuiuu ica arc vacuum ii k4-* ■ w w » “ ■ ■ -     - ■ ■ ■ —  ---- ~r —  ~ ■ -

anaiv be n°n vo la tile s  are separated by HPLC size exclusion techniques and in some cases fu rthe r separa- 
denf?ed by GC/MS. Advances in the HPLC methodology allows one to characterize high molecular weight 

lved from lip id s .

fcC discussion:tIQn of
sin,.-. pro te in  and l ip id  components o f meats e ith e r as Isolated models or in  combination in  the meats 

c cadi^?r  ^ree rad ica ls tha t are precursors o f the fin a l degradation products. The radica ls derive f r
' l l ,  'Olvtir „ „ „ __________  ____ I  k ______ ________ i  „   „ k . „ , 4  A m . in k  rn n c s m m n r-D  f n r

sHi
n9 Sci

processes, and ce rta in  types predominate in  proteins and lip id s .
from

A major consequence fo r

ent i s t ,  U n ivers ity  o f Massachusetts
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the proteins is  degradation and not aggregation. Degradation o f the tr ig ly c e rid e s  comprising the lip id s  P>"0'  
duces fa tty  acids, propane d io ld ie s te rs , C02, H2, hydrocarbons, and adduct compounds in  highest y ie ld s . The 
products co rre la te  w ith the precursor components in  the food. Some o f the basic conceptssome resu lts  fi'-01" 
ESR measurements on myosin, t r ip a lm it in ,  and fa ts , and representative resu lts  from analyses o f products f t 01" 
ethyl palm itate and the meats w i l l  be given and discussed.

Basic Radio lytic Concepts. Several concepts have to  be kept in  mind when considering the rad io lys is  of 
systems. F irs t,  there are d ire c t and in d ire c t e ffe c ts . The former re la te  to the ra d io ly t ic  consequences 0 
energy being deposited in  a p a rtic u la r component; the la t te r  to consequences o f a free radica l formed from e 
major component reacting with substituents o f lower abundance. Secondly, the amount o f a product w i l l  i‘ nbrtiie 
lin e a r ly  w ith  dose (Taub et a l.  1979a), the slope o f the yield-dose dependence being re lated to "G-value, 
number o f molecules formed per 100 e lectron vo lts  (eV) o f energy absorbed in  the system. T h ird ly , the G-va 
w i l l  be s ig n if ic a n t ly  influenced by phase and temperature, p a r t ic u la r ly  i f  the product is  due to ind ire c t 
e ffec ts  (Taub et a l . 1978; M e rritt et a l.  1980b).

ESR Measurements on Proteins (Myosin). The resu lts  obtained fo r  myosin, the major m y o fib r illa r  p ro te in , aJ"a 
representative fo r  fib rous pro te ins. Upon ir ra d ia t io n  at -40°C, the ESR spectra fo r  myosin show a prominen̂ n(j 
doublet signal w ith smaller outer lines (Taub et a l . 1979b). Based on experiments w ith acetyl amino acids 
dipeptides (S ev illa  e t a l.  1978; Taub et a l . 1979b), these spectra are a ttr ib u te d  to a co lle c tion  o f PePt11-ng 
radica ls formed by the loss o f a hydrogen from the CHR group in  the peptide chain. The mechanism fo r  fo'’1" 
these radica ls involves c a tio n ic , an ionic, and excited species. An anion radica l having an electron a ttaS; aCts 
the carbonyl group undergoes a scission reaction leading to a deamidation ra d ic a l, which subsequently n
a hydrogen from the protein to form the peptide ra d ica l. ESR measurements at -10°C show tha t the radical 
then decay slow ly; i t  does not pe rs is t in  samples th a t have been thawed. E lectrophoretic examination of 
un irrad iated and irra d ia ted  myosin shows the loss o f the myosin moiety, but no formation o f a high moleClf' ce 
weight aggregate. Both the mechanism th a t is  consistent w ith  the ESR resu lts  and the e lectrophore tic evi reSiilt5 
ind icate  th a t some degradation w il l  take place, but tha t l i t t l e  i f  any dim erization w i l l  occur. S im ilar L es 
have been obtained fo r  the m yo fib rils  from beef and chicken; s im ila r  ESR spectra are seen and s im ila r cfla¡3te^,, 
in the e lectrophore tic  pattern occur. The chemistry is  independent o f the sta te  o f organization o f the P 
molecules.

ESR Measurements on T r ip a lm it in . The resu lts  obtained fo r  tr ip a lm it in  are representative fo r  tr ig ly c e r id ea‘tr-i#
Upon irra d ia t io n  between 0°C and 40°C, the ESR spectrum fo r  tr ip a lm it in  shows an asymmetric f iv e  lin e  spea ^  
Based on studies with fa t ty  acids and re lated compounds, th is  spectrum is  a ttr ib u te d  to the radical formeI f th*
the abstraction o f a hydrogen alpha to the carbonyl group o f a pa lm itic  acid moiety in  the tr ip a lm it in -  - ^  
ir ra d ia t io n  is  carried out a t -125°C, a broad, s in g le t- l ik e  spectrum with add itiona l outer lines is  obseifnCiiid' 
I f  the sample is  warmed, the spectrum changes, and at -25°C re fle c ts  the contribu tion  o f other radicals 1 
ing the abstraction rad ica l (Ha lliday and Taub, 1980). The mechanism fo r  forming these rad ica ls also ■■ 
ca tio n ic , an ion ic, and excited species. The anionic route can be described as follows (where RCH20(C=0) 2 
( CH2 ) 1 3 CH3 stands fo r  tr ip a lm it in  and in  which R is  the ethane d io ld ipa lm ita te  moiety):

e- + RCH20(C=0)CH2 (CH2 ) 1 3 CH3 — > RCH20(C0-)CH2 (CH2 ) 1 3 CH3 -

rch2 + rch2o(c=o)ch2 ( ch2 ) 1 3 ch3 -

rch2 + '0 2 CCH2 (CH2 ) 1 3 CH3

rch3 + RCH20(C=0)CH(CH2 ) 1 3 CH3

(i!

( 2 )

Reaet*on
Reaction 1 implies the formation o f pa lm itic  acid and RCH2, the precursor o f the propane d io ld ie s te r.
2 shows only one fa te  fo r  RCH2, namely, formation o f the abstraction ra d ica l; another fa te  could be the  ̂
combination w ith  the abstraction radica l to form an adduct. At higher temperatures, the abstraction re° 
decays, presumably leading to a dimer. Major aspects o f the overa ll rad io lys is  o f the tr ig lyce rid e s  ere 
indicated by these findings and the corresponding in te rp re ta tio n . ^

ESR Measurements on Meat Fats. Results on chicken, beef, and pork fa t irra d ia ted  below -130°C and . w r f d >
the spectra disappear show the conform ity o f the chemistry in  the fa ts  to the chemistry o f tr ip a lm itu 1
s im ila r ity  o f the chemistry in a l l  three meat fa t systems. Each fa t system shows the same conversion 0 t0 ^  
broad s in g le t a t low temperature to a more complex spectrum a t an intermediate temperature and ultimate y radi 
f iv e  lin e  spectrum at the highest p rac tica l temperature, above which the fa t  becomes less viscous and t   ̂ c0y  
cals decay. Figure 1 shows the spectra fo r  a ll  three fa ts  at about -40°C, each o f which corresponds } °  t < ,  
lec tio n  o f rad ica ls comparable to those observed in  t r ip a lm it in .  These spectra are s im ila r but not ^  ¿jr 
The co lle c tion  o f rad ica ls in each sample could d if fe r  s l ig h t ly ,  p rim a rily  because each sample was held â ani»j ,  
fe ren t temperatures fo r  d if fe re n t times. (A s im ila r comparison fo r whole meat samples o f chicken, P°r 5 
and beef was reported by Taub et a l . (1979a) in  which a ll  spectra are superimposable.) By implication» 
basic reactions o f the tr ig ly c e rid e s  are occurring in  these fa ts  despite the d if fe re n t fa t ty  acid comp 
and despite the s l ig h t ly  d if fe re n t physical environment.

• wei3h:
Product Analyses o f Irrad ia ted  L ip ids . Chromatoqraphic analyses o f the v o la tile s  and higher al* fS
rad io lys is  products o f t r ip a lm it in  and ethyl palm itate substantiate the involvement o f precursor radio  ̂ ^de- 
pro vide evidence fo r sp e c ific  routes o f reaction. These analyses were done on samples irra d ia ted  ove , min0' 
range o f dose to estab lish  the lin e a r dependence o f products on dose and to obtain s u ff ic ie n t levels 
products fo r detection and q ua n tita tion .

a i r 1,
T rip a lm itin  products. Upon irra d ia t io n  a t -40°C and +25°C t r ip a lm it in  degrades by routes tha t produce  ̂ ^  
acid , H2 , CO2 , pentadecane, propane d io ld ie s te r , palmitone, and as ye t unspecified adduct compounds a jhe f)C' 
major compounds. The pa lm itic  acid and propane d io ld ie s te r can be accounted fo r  by reactions at>sv
formation o f pentadecane and CO;? can be postulated as 
tio n  o f hydrogen from tr ip a lm it in  as fo llow s:

3 1 . C I  W I I  U C  « I M Î U I I 1 . C U  I L M  U J f  I C O V . U U I I J  *  —  L ÿ

decomposition o f an acyloxy rad ica l fo llower

ch3 ( ch2 ) 1 4 co2 • 

ch3 (ch2 ) 1 3 ch2 +

+ COn— > ch3 ( ch2 ) 1 3 ch2

RCH20(C=0)CH2 (CH3 ) 1 3 CH3

(3)
(4)

ch3 ( ch2) 13CH3 rch2o( c=o)ch( ch2 ) 1 3 ch3
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cH 1nat.
Itl1' t i n 1°n o f the pentadecanyl rad ica l w ith the t r ip a l-

trac tio n  radical cou1d lead t0  one o f the adduct 
e SewhPy.!', More d e ta il on th is  system w i l l  be reported 
f re (Vajdi et a l.  1980).

%]S
. £?<■“
>s » sP°nd to ethyl palm itate

iv'S-f^lSlta te  products.
T  ting  po in t, 
d, ethane, pe
'unds. In the , _______ _ ___r ________ ____
and 2, the R group should be taken as CH, to
n Tl___ z_l _ . , - O ,

e miuuucl!,. Upon irra d ia t io n  below and
mit i c ^ I t i n g  po in t, ethyl palm itate produces H?, C0?, 
1-■ acid» ethane, pentadecane, CO, ethanol, an^

llTinni t _ j i •
^duct 
A

cor
heacti- ComP°und 

0ns 1 and
In the representative compound shown in

of ? c°unt Thus, the ethane formed
k P ro tW ^P a rt to the propane d io ld ie s te r . The ra tio  
¡ ^ àtur>e ^^P P ears to depend on the phase and/or tem-
o fs

Hr0durtc F'upaiie u iu i
'stu^e . appears to depend on the 
s f o r V ndi?a t in 9 The i nv° l vement o f competitive path- 

î s Si eactlon  o f some ° f  these intermediates. Details 
cudy w i l l  appear elsewhere (M e rr it t  et a l . 1980b)

ify^ l^ ILo l  Products in Irrad ia ted  Meats. 
ohÎnds form ? ! a tile s  and higher molecular weight com- 
J^kert , T d in E rad ia ted  meats, p a r tic u la r ly  beef and 
ida sVsto°W tfla t they are simi ia r  and consistent w ith 
C 1*1 fieri ? s£udies- A compilation o f the v o la tile s  
h;® h ln beef and the leve1s observed fo r  a -\4.5 Mrad 
o A  va“ ®?n Published (M e rr it t ,  1972; M e rr itt et a l .
Cn for fi- al • 1979); a s im ila r  l i s t  is  being devel- 
.30 t J  S icken - -  • ■

Chemical 
weight com-

The v o la tile s  are normally found in the 
, ■ naVe . =-• jome o f the less v o la t i le  compounds from
ir md0or r  en reP°rted elsewhere (M e rr it t  et a l. 1978a); 
'•Ss ■{. °nes arp ■fnnnrl in tho nnm ru«^  th i dre Tound ln the PPm range. The d if fe r -  

Mtk d°sel a levels ° f  these products (normalized to the 
among the d if fe re n t meats can be correlated 

0 al fa t content, fa t ty  acid composition, and 
° f  fa t ty  acids comprising the tr ig lyce rid e s  

■ .ur Z and representative resu lts  are presented 
A .  nork °I?1y selecteci enzyme-inactivated samples o f

i | j  U U t l O n  - F -----W W I I W V . I I W J  I U V V J  U V ,  I U  C U I l i p U b  I U I U l l  » e m u

‘«In •'atiup f a t ty acids comprising the tr ig ly c e rid e s .
fra. e and reDTPCPrit^ti V/P rocn ltc  a no nv'oconfoH

'hoi
s«mDi a°menesW V ' “ *1-* ■ ■

p 6s is n- tesbln9- a proximate analysis o f these

»h101 1» Dork— ¡I J »=iei.i.eu enzyme-macti vacea samples C
^omene, K’ ham, and beef th a t had been prepared fo r 
' '« te s tin g . A proximate analysis o f these

91ven in  Table 1.

i l l a t i o n
\  [ P ^ - r ^ f i rpducts w ith  to ta l f a t . Products tha t 
toUi a ll e q u m le n t p ro b a b ility  in reactions com- 

fat cont t n 9lycerides should co rre la te  w ith the 
5fi<l , n atoms Ienb' Hydrocarbon compounds w ith  8 or fewer 
3ehv Id confre f ° rmed. f rom a ll  the component fa t ty  acid: 
k°htind from +°rni to th is  re la tio n sh ip . Hexane and hexem 
S V ty as

T̂ Om ” , --- r mcaoiic anu ne/
tv he meats given in  Table 1 show th is  con-in o i_i • _ _ . ~ .

f a l le n  pUk?‘ £ ind icates. S im ila r resu lts  fo r  octene 
° f  a ll \  Ved.Previously (Taub et a l.  1979a). The 

5 ^  ?Se With . at i l e  hydrocarbons have been shown to 
S e n  a 'S  riii-2Creasln9 fa t  content by using beef sam- 
S t  u ^h tlu  T l rent  fa t contents (M e rr it t  et a l.  1978b). 
N A l d  bp „ f i e l d s  o f hydrocarbons in  a p a rticu la r 

t. Predictable knowing the dose and the fa t

iSïLof

ivS
>|-p--~-£jloducts with fa tty  acid composition. 

nf J n reactions th a t are spec ific  t o T  fa t ty  
A o n  o ftba tr ig ly c e rid e s  should co rre la te  w ithon o f ÏZ T ig iyce ria e s  should correlate 

i . - e s  . J t h â t  fa t ty  acid in  the to ta l fa t .  For 
m in  T  tb is  study> the fa tty  acid composi-hLh» k  9iven T  Zn t t l is  s tudy, the fa tty  acid composi- 

Vvp°dPct des t t  Tat)l e Since most o f these are sim i- 
bB fr,om i in Si  o f the co rre la tion  would be fo r a 

IhS1? lin f  ®hd rh * eate, which d if fe rs  s ig n if ic a n t ly  bet- 
°leate nLCken. One p a rtic u la r product derivable 

b<?t i-.®d i n ’ Py decarboxylation o f the acyloxy radical 
%tty ? pl'6curcCtl0n is  heptadecadiene. Provided 
1 C h“ i. a ll SVek ^ d lc a l  is formed w ith equal proba- 

ti'm ii;
(hr. “I I C.,n4. ““ 1 ■ - ■«uncu n I 1.11 cv|uai kiTULJa-

°hiiai, s irt,i l yatems ,?nd tha t the irra d ia t io n  is carriedPft/hlaii T"'4 w,c h  lauiauun i
i d to tk cond it io n s , the heptadecadiene y ie ld  

is ConJirio leai ne same fa t content) w i l l  depend,  l - .caro „  ------ -----  —r —  on the
to LStent Wi-+l Results  fo r  beef, pork, and chicken 

S f  ?aPtaderpi- th is  cel ationshiP . about s ix  times 
r- ^e^ r i t *  T ene being found in  chicken as compared 

U  et a l.  1980b1.

«»!h ^jQrm Stj^-jHQts w ith tr ig ly c e r id e  composition. 
et1de V  aciric reactions invo lv ing spec ific  positions 

should L on the glycerol backbone o f the t r i -  
oorre late  w ith the abundances o f

MEAT FATS, - 4 0 ° C .

Fig. 1. ESR Spectra o f Meat Fats at ^40°C. Samples 
received ^5 Mrads at temperatures between 
-135°C and -80°C and were a ll  warmed at 
d if fe re n t rates to temperatures near -40°C.

Table 1. Proximate Analysis o f Meat Samples

__________ % C om pos ition_________
Sample Fat Water Protein NaCl Ash

Pork 14.3 62.2 21.8 0.8 1.9

Ham 7.3 68.3 20.8 2.7 4.0

Chicken 11.7 65.9 21.1 0.8 1.9

Beef 15.4 59.5 23.4 0.9 2.0

Table 2. Fatty Acid Composition o f Meat Fats

Fatty Acid
% o f Total Fat

Pork Ham Chicken Beef

16:0 Palm itic 23.1 23.2 21.7 25.4

16:1 Palm ito le ic 3.2 3.2 5.2 5.1

18:0 Stearic 11.3 10.9 6.3 12.5

18:1 Oleic 47.5 47.4 35.3 44.4

18:2 L ino le ic 10.8 11.0 26.1 3.8
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p a rtic u la r tr ig lyce rid e s  in  the fa t .  Formation of 
a propane d io ld ie s te r w ith pa lm itic  acid involves 
loss o f a fa t ty  acid moiety from a tr ig ly c e r id e  hav
ing at least two pa lm itic  acid moieties,two o f which 
remain unaffected. Depending on whether the moiety 
is  elim inated from the ends or the middle o f the 
molecule, a 2,3 or 1,3 propane d io ld ie s te r w i l l  be 
formed. Provided tha t th is  e lim ina tion  is  random 
and tha t appropriate weighting factors are used to 
account fo r  the s ta t is t ic a l p o s s ib il it ie s  fo r 
e lim ina tion , the y ie ld  o f the isomeric propane 
d io ld ies te rs  should depend lin e a r ly  on the sum o f 
the weighted abundance o f precursor tr ig ly c e r id e s . 
Measured y ie lds  of the propane d io ld ies te rs  having 
e ith e r two pa lm itic  acid moieties or a pa lm itic  
acid and an o le ic  acid moiety show th is  re la t io n 
sh ip , though s ta t is t ic a l ly  computed rather than 
measured tr ig ly c e r id e  abundances were used in  the 
graphical analysis (M e rr itt et a l . 1980b). Further 
work on th is  re la tionsh ip  is  being pursued.

CONCLUSION

COMMONALITY, p re d ic ta b il ity ,  and extrapolation 
characterize the conclusions tha t can be drawn from 
the resu lts  o f th is  study. Commonality o f the 
rad ia tion  chemistry fo r  ind iv idua l components in

Fig. 2. Normalized Y ield o f Hexane and Hexene in  Meats 
Irrad ia ted  at -40°C. Values shown correspond 
the slopes o f lin e a r yield-dose p lots fo r the 
meats. Symbols: ▲ ,  ham; p  , ch icke n ;# , P° .
O . beef. Dashed lin e  corresponds to hexane> 

so lid  lin e  to hexene.
ha5

a ll  the foods, which resu lts  in the formation o f a lim ite d  number o f key products from proteins and l i P ^ ^ r i 
been established. P re d ic ta b ility  o f the product y ie lds  from components, independent o f th e ir  physical di r 
bution in  the food, on the basis o f gross composition has been demonstrated. Extrapolation in  a va lid  ma 
o f resu lts  from model systems to actual foods, from one food w ith in  a generic class to the other foods i n 
c lass, and from one set o f conditions to  another (see also Taub e t a l . 1976) has been il lu s tra te d .

j  int er'These resu lts  and the conclusions that fo llow  from them support the chemiclearance e ffo rts  being pursued p to 
n a tio n a lly . Clearing irra d ia ted  meats (inc lud ing  bacon) in  the United States could fo llow  a clearance 9  ̂ 0f 
irrad ia ted  chicken, by re ly ing  on the chemistry to  in te rre la te  a ll  these meats. Clearing a ll  m ajorclass 
foods irra d ia ted  up to a specified  average dose, which is  to be considered by the Jo in t Expert Committee 
Food Irra d ia tio n  in Geneva in October, rests la rge ly  on findings such as these. Not only are data now a >
on meats as a c lass, but s im ila r  data tre a tin g  starches as a class are also ava ilab le . Expectations are e;5-
chemiclearance w i l l  fa c i l i ta te  and promote the acceptance and commercial u t i l iz a t io n  o f the irra d ia tio n  P
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