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PRESERVATION OF FOOD 
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Federal Research Center for  N u t r i t i o n ,  Kar lsruhe, 
Federal Republic of Germany 

Of a l l  the app l i ca t ions  of rad ia t ion  processing discussed at 
t h i s  meeting, food i r r a d i a t i o n  has the greatest growth po ten t i a l .  
Research programs in th i s  f i e l d  have been i n i t i a t e d  in more than 
50 countr ies a l l  over the world. P i l o t - s c a l e  i r r a d i a t o r s  ex i s t  
or are under const ruc t ion  in about 30 of these. I t  is remarkable 
that  a large part of t h i s  e f f o r t  is going on in developing coun- 
t r i e s .  In the Indian Nuclear Research Center at Bombay, fo r  
instance,  some 70 s c i e n t i s t s  are working on problems concerned 
with food i r r a d i a t i o n .  With respect to one product, developments 
have gone beyond the research stage: a 300 000 Ci potato i r r a -  
d i a t i o n  p lant  wi th a capacity of i r r a d i a t i n g  10 000 t/month has 
been in operat ion in Japan since 1973 and potatoes i r r ad i a ted  
for  the purpose of sprout i n h i b i t i o n  are being success fu l l y  
marketed in Japan. 

During the 25 years which have passed since the f i r s t  studies on 
food i r r a d i a t i o n  were done, many - and sometimes exaggerated - 
claims were made. The new process was sometimes advert ised as a 
"miracle method", and a " revo lu t i on  in the food market" was pre- 
d ic ted .  This only antagonized the canning indust ry  and others 
who had an i n t e r e s t  in conventional methods of food preservat ion 
My in t roduc to ry  remark about the great po ten t ia l  of t h i s  process 
may therefore be received with scept ic ism, and I may j u s t l y  be 
asked: why, i f  t h i s  process looks so promising, have a l l  the 
in tens ive  research e f f o r t s  in many countr ies resul ted in only 
one large-sca le  commercial app l ica t ion? How many more years of 
research w i l l  be needed, before i r r ad ia ted  food items w i l l  
become widely avai lab le? 

I w i l l  t r y  to answer these questions towards the end of t h i s  pre 
senta t ion .  But before coming to th i s  po in t ,  I w i l l  describe the 
possib le app l i ca t ions  of rad ia t ion  processing in the food f i e l d ,  
wi th some c r i t i c a l  remarks about the prospects of commercializa- 
t i on  in each case. Time w i l l  not permit the presentat ion of much 
d e t a i l .  The proceedings of the i n t e rna t i ona l  symposium on food 
i r r a d i a t i o n  which was held in Bombay in 1972 (1) provide a r i ch  
source of in format ion for  those who would l i ke  to know more. 

I r r a d i a t i o n  with a s t e r i l i z i n g  dose 

This process, also cal led radapper t i za t ion ,  has been studied 
almost exc lus i ve l y  at the U.S. Army's Research and Development 
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Cen te r  a t  N a t i c k ,  M a s s a c h u s e t t s .  I t s  pu rpose  i s  the  p r o d u c t i o n  
of  f o o d s t u f f s  wh i ch  a re  s h e l f s t a b l e  a t  a m b i e n t  t e m p e r a t u r e s  and 
wh ich  have b e t t e r  q u a l i t y  c h a r a c t e r i s t i c s  t han  the  c o r r e s p o n d i n g  
h e a t - s t e r i l i z e d  p r o d u c t s .  In most p r o d u c t s ,  the  r a t h e r  h i g h  r a -  
d i a t i o n  doses needed f o r  t h i s  pu rpose  (3 - 5 Mrad) p roduce o f f -  
f l a v o r s  u n l e s s  i r r a d i a t i o n  i s  c a r r i e d  o u t  a t  low t e m p e r a t u r e  
( - 3 0  o C or  l e s s ) .  Because o f  the  h i g h  r a d i a t i o n  r e s i s t a n c e  of  
a u t o l y t i c  enzymes,  e n z y m a t i c  s p o i l a g e  o c c u r s  in  r a d i a t i o n - s t e r i -  
l i z e d  foods  u n l e s s  t h e  r a d i a t i o n  t r e a t m e n t  i s  supp lemen ted  w i t h  
a m i l d  hea t  t r e a t m e n t .  The who le  p r o c e s s  t hus  i n v o l v e s  the  
f o l l o w i n g  s teps  (a)  h e a t i n g  to  an i n t e r n a l  t e m p e r a t u r e  o f  65 
75o C, (b )  p a c k a g i n g  under  vacuum in  a s e a l e d  c o n t a i n e r  i m p e r -  
meable to  m o i s t u r e ,  a i r ,  l i g h t ,  and m i c r o o r g a n i s m s ,  (c )  c o o l i n g  
to i r r a d i a t i o n  t e m p e r a t u r e  ( u s u a l l y  -30 o C) ,  (d)  i r r a d i a t i o n  ( 2 ) .  

I have p a r t i c i p a t e d  i n  some o f  the  q u a l i t y - e v a l u a t i o n  pane l s  a t  
N a t i c k  and I can vouch f o r  t he  good q u a l i t y  o f  r a d a p p e r t i z e d  ham, 
bacon ,  pork  sausage ,  b e e f ,  co rned  b e e f ,  c o d f i s h  cakes ,  s h r i m p ,  
c h i c k e n  and lamb. A s t r o n a u t s  a te  r a d a p p e r t i z e d  ham on A p o l l o  
f l i g h t s  to  the  moon and S o v i e t  cosmonauts  j o i n e d  them when 
i r r a d i a t e d  ham, co rned  b e e f ,  t u r k e y  s l i c e s  and beef  s teaks  were 
consumed on A p o l l o - S o y u z  m i s s i o n s .  

The 4 - s t e p  p rocess  d e s c r i b e d  above must  n o t i c e a b l y  i n c r e a s e  the  
p r i c e  o f  the  p r o d u c t .  A s t u d y  c a r r i e d  o u t  by the  U.S. Depar tmen t  
o f  Commerce (3 )  has i n d i c a t e d  a c o s t  o f  abou t  5 $ per  I00 pounds 
o f  meat (cooked w e i g h t  e q u i v a l e n t )  f o r  a 5 Mrad dose,  assuming a 
3 m i l l i o n  Ci c o b a l t - 6 0  s o u r c e ,  a t h r o u g h p u t  o f  2000 pounds per 
h o u r ,  8000 hou rs  per  y e a r ,  and a 30 % e f f i c i e n c y  o f  sou rce  u t i -  
l i z a t i o n .  T h i s  c o r r e s p o n d s  to a c o s t  o f  a b o u t  I i  c t s / k g  w i t h -  
o u t  b l a n c h i n g ,  p a c k a g i n g  and r e f r i g e r a t i o n .  

The N a t i c k  g roup does n o t  e n v i s i o n  t h i s  p r o c e s s  as a c o m p e t i t i o n  
f o r  t he  e s t a b l i s h e d  method o f  m a r k e t i n g  r e f r i g e r a t e d  f r e s h  meat ,  
wh ich  a c c o u n t s  f o r  o v e r  70 % o f  t he  meat s o l d  in  the  U n i t e d  
S t a t e s .  However ,  in  a d d i t i o n  to  s a t i s f y i n g  s p e c i a l  demands of  
Armed Fo rces  and a s t r o n a u t s ,  p r o d u c t s  t h a t  can be s t o r e d  w i t h o u t  
r e f r i g e r a t i o n  or  f r e e z i n g  s h o u l d  be o f  i n t e r e s t  to  v a c a t i o n e r s ,  
m o u n t a i n  c l i m b e r s ,  a i r l i n e  c a t e r e r s  and o t h e r s  who are w i l l i n g  
to  pay a h i g h e r  p r i c e  f o r  h i g h e r  c o n v e n i e n c e  ( 4 ) .  

Be fo re  such p r o d u c t s  can be m a r k e t e d ,  t he  h e a l t h  a u t h o r i t i e s  
have to  g i v e  t h e i r  a p p r o v a l .  R a d a p p e r t i z e d  bacon was c l e a r e d  by 
the  U.S. Food and Drug A d m i n i s t r a t i o n  f o r  u n l i m i t e d  human con-  
s u m p t i o n  i n  1963. However ,  t h i s  d e c i s i o n  was revoked  in  1968, 
when FDA r e e x a m i n e d  the  r e s u l t s  o f  t he  an ima l  f e e d i n g  s t u d i e s  
( w h i c h  were conduc ted  i n  the  1950s)  and found  t h a t  t h e y  were no t  
adequa te  to  meet t he  more s t r i n g e n t  t e s t i n g  r e q u i r e m e n t s  o f  
t o d a y .  A f e e d i n g  s t u d y  w i t h  r a d a p p e r t i z e d  bee f  was commiss ioned 
by the  N a t i c k  C e n t e r  in  1971 and w i l l  be c o n c l u d e d  t h i s  y e a r .  
C o n t r a c t s  f o r  t e s t i n g  r a d a p p e r t i z e d  ham, pork  and c h i c k e n  are 
now be ing  n e g o t i a t e d .  Three  to f o u r  y e a r s  w i l l  go by b e f o r e  the  
r e s u l t s  o f  t h e s e  t e s t s  w i l l  be a v a i l a b l e .  C o n s i d e r i n g  the a d d i -  
t i o n a l  t i m e  r e q u i r e d  f o r  p e t i t i o n  w r i t i n g ,  f o r  FDA c l e a r a n c e  and 
f o r  c r e a t i n g  p r o d u c t i o n  f a c i l i t i e s ,  i t  w i l l  t ake  a t  l e a s t  8 to  
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10 y e a r s  to  ge t  an p p r e c i a b l e  number o f  r a d a p p e r t i z e d  foods  on 
the  U.S. ma rke t .  

Some r e c e n t  f i n d i n g s  may s h o r t e n  t h i s  t ime  p e r i o d .  W i e r b i c k y  and 
H e i l i g m a n  (5)  have found t h a t  r a d a p p e r t i z e d  cu red  meat r e q u i r e s  
abou t  80 % l e s s  n i t r i t e / n i t r a t e  than does u n i r r a d i a t e d  meat .  T h i s  
i s  o f  i n t e r e s t  because o f  t he  d i s c o n c e r t i n g  o b s e r v a t i o n  t h a t  
under  c e r t a i n  c o n d i t i o n s  n i t r i t e s  may r e a c t  w i t h  f r e e  amines i n  
food to  form c a r c i n o g e n i c  n i t r o s a m i n e s .  Some t o x i c o l o g i s t s  have 
a d v o c a t e d  a ban on the  use o f  n i t r i t e s  as food a d d i t i v e s .  How- 
e v e r ,  n i t r i t e  i s  used n o t  o n l y  to  p roduce the  c h a r a c t e r i s t i c  f l a -  
vo r  and p i n k  c o l o r  o f  cu red  meats i t  a l s o  i n h i b i t s  t o x i n  p r o -  
d u c t i o n  by C l o s t r i d i u m  b o t u l i n u m .  The h y g i e n i c  haza rd  o f  no t  
u s i n g  n i t r i t e  may t h e r e f o r e  be g r e a t e r  t han  the  haza rd  o f  p o s s i b -  
le  n i t r o s a m i n e  f o r m a t i o n .  At any r a t e ,  t h e r e  i s  g e n e r a l  ag reemen t  
t h a t  t he  use o f  n i t r i t e  s h o u l d  be reduced as much as i s  p o s s i b l e  
w i t h o u t  i n c r e a s i n g  the  danger  o f  b o t u l i s m .  The r e c o g n i t i o n  t h a t  
i r r a d i a t i o n  can h e l p  to  a c h i e v e  t h i s  goa l  s h o u l d  go a l o n g  way 
t o w a r d s  ove rcom ing  the  r a t h e r  n e g a t i v e  a t t i t u d e  h e l d  by many ad-  
m i n i s t r a t o r s  in  t he  h e a l t h  m i n i s t r i e s  w i t h  r e s p e c t  to  food  i r r a -  
d i a t i o n .  

One r a t h e r  s p e c i a l i z e d  a p p l i c a t i o n  o f  i r r a d i a t i o n ,  w h i c h  I n e v e r -  
t h e l e s s  c o n s i d e r  as v e r y  i m p o r t a n t ,  i s  t he  s t e r i l i z a t i o n  o f  meals  
f o r  c o n s u m p t i o n  by p a t i e n t s  who r e q u i r e  a s t e r i l e  d i e t  ( 6 ) .  The 
n e c e s s a r y  p e r m i s s i o n s  h a v i n g  been g r a n t e d  in  1969 i n  t h e  UK and 
the  N e t h e r l a n d s ,  r a d a p p e r t i z e d  meals are be ing  d e l i v e r e d  to  a 
g r o w i n g  number o f  h o s p i t a l s  i n  bo th  c o u n t r i e s .  P a t i e n t s  r e c e i v i n g  
such d i e t s  are kept  in  a s t e r i l e  e n v i r o n m e n t  because t h e y  are 
t r e a t e d  w i t h  d rugs  s u p p r e s s i n g  the  immune r e s p o n s e ,  e . g .  p a t i e n t s  
who have r e c e i v e d  organ t r a n s p l a n t s  or  who s u f f e r  f rom l e u k e m i a .  
As a r e s u l t  o f  t he  drug t r e a t m e n t  t h e y  are e x t r e m e l y  s u s c e p t i b l e  
to  i n f e c t i o n s  and must be p r o t e c t e d  f rom a l l  p a t h o g e n i c  m i c r o o r -  
g a n i s m s .  The i m p o r t a n c e  o f  t h i s  a p p l i c a t i o n  o f  t he  r a d i a t i o n  p r o -  
cess i s  no t  d i r e c t l y  r e l a t e d  to economics .  The number o f  such 
p a t i e n t s  i s  - f o r t u n a t e l y  - sma l l  and t h e r e f o r e  t he  number o f  
meals  to  be i r r a d i a t e d  i s  l i m i t e d .  But the  r e c o g n i t i o n  t h a t  t h e s e  
p a t i e n t s ,  who are under  v e r y  c l o s e  med ica l  o b s e r v a t i o n ,  r espond  
f a v o r a b l y  to t he  i r r a d i a t e d  m e a l s ,  may be more c o n v i n c i n g  to some 
than  the  r e s u l t s  o f  f e e d i n g  s t u d i e s  w i t h  r a t s  and m ice .  

I r rad ia t ion with a pasteurizing dose 

Processes of this kind may have the goal of el iminating speci f ic  
organisms of public health significance (= radic idat ion)  or of 
increasing the refr igerated storage time by reducing the numbers 
of spoilage microorganisms (= radurizat ion). Doses required are 
roughly in the range of 0.1 to 1Mrad. 

Radicidation is of part icular interest with regard to the Salmo- 
nella problem. The incidence of infections due to various spe- 
cies of Salmonellae has been increasing in most countries. The 
news media report frequently about mass outbreaks of salmonello- 
s is ,  par t icu lar ly  in hospitals, schools, aboard ships and in 
other si tuations where large numbers of people are fed from a 
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c e n t r a l  k i t c h e n .  P r o t e i n a c e o u s  f o o d s ,  such as meat and meat p r o -  
d u c t s ,  d a i r y  p r o d u c t s ,  eggs and egg p r o d u c t s  have o f t e n  been 
i d e n t i f i e d  as the  v e c t o r  o f  d i s e a s e .  I n c r e a s i n g  wo r l d  t r a d e  w i t h  
food and f e e d s t u f f s  and the  i n c r e a s e d  r o l e  o f  mass c a t e r i n g  have 
enhanced t he  r i s k s ,  so t h a t  p u b l i c  h e a l t h  a g e n c i e s  see t h e m s e l v e s  
f o r c e d  to i n t r o d u c e  the  s t r i c t e s t  s t a n d a r d s  o f  h y g i e n e .  

As S a l m o n e l l a e  are q u i t e  s e n s i t i v e  to  r a d i a t i o n ,  a u n i q u e l y  
s u i t a b l e  p rocess  f o r  h y g i e n i z a t i o n  i s  a v a i l a b l e  ( 7 ) .  In c o n t r a s t  
to  h e a t ,  r a d i a t i o n  can be s u c c e s s f u l l y  used on f r o z e n  p r o d u c t s  
and on o t h e r  h e a t - s e n s i t i v e  f o o d s t u f f s .  In  c o n t r a s t  to  f u m i g a -  
t i o n ,  e . g .  w i t h  e t h y l e n e  o x i d e ,  r a d i a t i o n  k i l l s  no t  o n l y  o r g a -  
n isms on t he  s u r f a c e  o f  a p r o d u c t  bu t  a l s o  in  i t s  i n t e r i o r .  I t  
a l s o  a v o i d s  r e s i d u e s  o f  e t h y l e n e  o x i d e  and o f  i n t e r a c t i o n  p r o -  
d u c t s  ( p a r t i c u l a r l y  e t h y l e n e  c h l o r o h y d r i n e )  wh ich  are t o x i c o l o -  
g i c a l l y  s u s p e c t .  A n o t h e r  i m p o r t a n t  advan tage  o f  i r r a d i a t i o n  i s  
the  f a c t  t h a t  i t  can be a p p l i e d  to  the  packaged p r o d u c t  so t h a t  
r e i n f e c t i o n  i s  e x c l u d e d .  T h i s  canno t  be done w i t h  f u m i g a t i o n  and 
o n l y  under  c e r t a i n  c o n d i t i o n s  ( a u t o c l a v i n g ,  h e a t - r e s i s t a n t  con-  
t a i n e r s )  w i t h  heat  t r e a t m e n t s .  R a d i a t i o n  doses be ing  much l owe r  
than  t h o s e  r e q u i r e d  f o r  s t e r i l i z a t i o n ,  e f f e c t s  o f  t h i s  t r e a t m e n t  
on s e n s o r y  p r o p e r t i e s  o f  most foods o f  an imal  o r i g i n  are n e g l i -  
g i b l e .  

S t u d i e s  r e c e n t l y  comp le ted  in  our  i n s t i t u t e  (8)  have shown t h a t  
the  dose o f  800 k r a d ,  wh i ch  has been recommended f o r  S a l m o n e l l a  
c o n t r o l  i n  f r o z e n  c h i c k e n ,  d i d  no t  s i g n i f i c a n t l y  a f f e c t  c o l o r ,  
o d o r ,  t e x t u r e  o r  f l a v o r  o f  c h i c k e n  kep t  at  -30 o C f o r  p e r i o d s  o f  
up to 2 y e a r s .  

C o n s i d e r a b l y  l o w e r  doses are r e q u i r e d  f o r  c o n t r o l l i n g  g row th  and 
r e p r o d u c t i o n  o f  such p a r a s i t e s  as t r i c h i n a e  ( T r i c h i n e l l a  s p i r a -  
l i s )  and tapeworms ( C y s t i c e r c u s  b o v i s  and E c h i n o c o c c u s  g r a n u l o -  
sus) (7). 

The e x t e n s i o n  o f  r e f r i g e r a t e d  s t o r a g e  l i f e  o f  meat ,  meat p r o -  
d u c t s ,  c h i c k e n ,  f 4sh  and s h e l l f i s h  by doses in  t he  I00 - 500 krad 
range  has been s t u d i e d  by numerous a u t h o r s  and the  p r o c e e d i n g s  o f  
t he  Bombay m e e t i n g  of  1972 ( i )  c o n t a i n  s e v e r a l  r e p o r t s  on t h i s  
t o p i c .  Meat c u t s  r e q u i r e  some s p e c i a l  p r e c a u t i o n s  to p r e v e n t  d i s -  
c o l o r a t i o n ,  f a t  o x i d a t i o n ,  and e x u d a t i o n  o f  meat j u i c e s  ( 9 , 1 0 ) .  
Depend ing  on p r o d u c t ,  dose ,  packag ing  and o t h e r  f a c t o r s  the  
s a l e a b l e  s h e l f - l i f e  can be doub led  or  t r i p l e d .  

There  i s  g e n e r a l  ag reement  t h a t  t h i s  a l s o  a p p l i e s  to packaged 
f i s h  or  f i s h  f i l l e t s  ( 1 1 , 1 2 ) .  We were i n t e r e s t e d  to f i n d  ou t  i f  
o n - b o a r d  i r r a d i a t i o n  o f  unpackaged i ced  f i s h  would a l s o  i n c r e a s e  
the  s t o r a g e  l i f e .  T h i s  i n t e r e s t  r e q u i r e s  perhaps  some e x p l a n a -  
t i o n .  German v e s s e l s  have to t r a v e l  v e r y  f a r  b e f o r e  they  reach 
good f i s h i n g  g rounds  in  the  n o r t h - w e s t e r n  A t l a n t i c .  The r e t u r n  
t r i p  f rom t h e s e  r e g i o n s  to  German p o r t s  may take  5 days or  more. 
Because o f  t he  l i m i t e d  s h e l f - l i f e  o f  i ced  f i s h ,  the  t r a w l e r s  
must  r e t u r n  w i t h i n  a b o u t  15 days o f  t he  f i r s t  ca t ch  in  o r d e r  to  
a r r i v e  w i t h  f i s h  o f  s u f f i c i e n t l y  good q u a l i t y .  As t h i s  l e a v e s  
l e s s  than  i 0  days f o r  f i s h i n g ,  the t r a w l e r s  must o f t e n  r e t u r n  
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with incompletely f i l l e d  holds. Poor u t i l i z a t i o n  of the ships' 
capacity and an unfavourable ra t io  of f ish ing days to unproducti- 
ve t ravel l ing days have caused great economic losses. I f  a method 
for extending the s h e l f - l i f e  of iced f ish cannot be found, the 
trend to frozen f ish w i l l  continue and within a few years fresh 
ocean f ish w i l l  no longer be available - although most consumers 
prefer iced f ish to frozen f i sh .  

On the basis of laboratory studies i t  appeared that on-board i r -  
radiation of the freshly-caught f ish with a dose of 100 krad 
would give the desired s h e l f - l i f e  extension (13,14). When this 
was attempted under practical conditions during several voyages 
of the research vessel "Anton Dohrn" in 1975, i t  was found that 
in contrast to the s i tuat ion in the laboratory - shipboard condi- 
tions cause immediate re in fect ion of the unpackaged fish so that 
the effect of i r rad ia t ion  is abolished and the f ish spoils as 
quickly as i t  does without i r rad ia t i on  (15). Unfortunately, on- 
board packaging of whole f ish is not considered to be practicable 
under the conditions prevai l ing on re la t i ve l y  small trawlers. 
Many species of f ish have rather sharp scales and unless the f ish 
is handled very carefu l ly ,  cuts in the packaging easily occur, 
giving access to spoilage microorganisms. F i l l e t i ng  and i r radia-  
tion of packaged f i l l e t s  is theore t ica l l y  a solution - but in 
practice the trawlers do not have enough space to accomodate 
f i l l e t i n g  and packaging machines in addition to a radiation 
source. Also, the sales appeal of the whole iced fisch would be 
lost .  The consumer would not see much difference between packaged 
refrigerated f i l l e t s  and packaged frozen f i l l e t s .  Under these 
conditions i t  is uncertain that the German f ishing industry wi l l  
continue to be interested in f ish i r rad ia t i on .  This should not 
discourage workers in other countries who are interested in f ish 
i r rad ia t ion .  Where coastal f ish ing is of greater importance than 
in Germany the outlook for i r r ad ia t i on  on shore may be much bet- 
ter.  This applies also to developing countries, where a frozen 
food chain is generally not an available a l ternat ive.  

Our ef forts concerning i r rad ia t i on  of North-Sea shrimp led to 
very encouraging resul ts.  My collaborator D. Ehlermann has sub- 
mitted a paper on th is  topic for presentation during this meeting 
(16). 

Reduction of microbial counts in spices and condiments, products 
such as dried onion rings and enzyme preparations by i r rad iat ion 
does not quite f i t  the de f i n i t i on  of radurization or radicidation 
The purpose of the treatment is not pr imari ly or not at all the 
improvement of the storage l i f e  of these products themselves but 
rather the avoidance of microbial contamination of the foods to 
which these products are added. Sausages prepared with contamina- 
ted spices, for instance, may spoil quickly. Treatment with 
fumigants is presently the only solut ion, as heat treatment would 
destroy or v o l a t i l i z e  too much of the character is t ic  aroma. The 
chemical treatments have disadvantages, both from the health 
viewpoint (chemical residues and interact ion products) and tech- 
nologically (o f f - f l avo rs ,  danger of recontamination during packa- 
ging). The spice industry has therefore shown a par t icu lar ly  keen 
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i n t e r e s t  in  r a d i a t i o n  t r e a t m e n t s .  A German m a n u f a c t u r e r  (GewUrz- 
m u l l e r ,  S t u t t g a r t )  was a c t u a l l y  t he  f i r s t  i n  t h e  w o r l d  to  m a r k e t  
i r r a d i a t e d  food p r o d u c t s  ( 1 7 ) .  However ,  t he  van de G r a a f f - a c c e l e -  
r a t o r  bough t  by t h i s  company to  i r r a d i a t e  i t s  s p i c e s  had to  be 
d i s m a n t l e d  in  1959 when the  new Food Law made food i r r a d i a t i o n  
i l l e g a l .  Severa l  r e c e n t  s t u d i e s  have c o n f i r m e d  the  s u p e r i o r i t y  o f  
i r r a d i a t i o n  over  o t h e r  methods f o r  t he  h y g i e n i z a t i o n  o f  s p i c e s  
( e . g .  18 ) .  

I r r a d i a t i o n  o f  enzyme p r e p a r a t i o n s  used in  food p r o c e s s i n g  i s  
a l so  o f  c o n s i d e r a b l e  i n t e r e s t  ( 1 9 ) .  These enzymes a re  p roduced  
e i t h e r  in  m i c r o b i a l  c u l t u r e s  or  f rom an ima l  or  p l a n t  s o u r c e s ,  
such as c a l f  stomach or  the  papaya p l a n t .  In each c a s e ,  t he  raw 
p r o d u c t  c o n t a i n s  h igh  m i c r o b i a l  c o u n t s  and c o n s t i t u t e s  a good 
medium f o r  g r o w t h .  Because o f  t he  h e a t - s e n s i t i v i t y  o f  t he  enzymes 
mechan i ca l  methods such as c e n t r i f u g a t i o n  and f i l t r a t i o n  are t he  
o n l y  means of  p u r i f i c a t i o n .  On the  o t h e r  hand ,  enzymes a re  v e r y  
r e s i s t e n t  to  i r r a d i a t i o n  and t h i s  p rocess  p r o v i d e s  an i d e a l  s o l u -  
t i o n  to  p r e s e n t l y  e n c o u n t e r e d  p r o b l e m s .  

R a d i a t i o n  c o s t s  f o r  t r e a t m e n t  w i t h  a p a s t e u r i z i n g  dose s h o u l d  be 
somewhere in  the range o f  i - i 0  c t s / k g ,  d e p e n d i n g  on dose and 
t h r o u g h p u t .  Th i s  i s  no t  a h i g h  c o s t  compared to  t he  b e n e f i t s  o f  
improved h y g i e n i c  q u a l i t y  and reduced  s p o i l a g e  l o s s e s .  

Numerous an imal  f e e d i n g  s t u d i e s  have been c a r r i e d  o u t  w i t h  r a d i a -  
t i o n - p a s t e u r i z e d  f i s h  and c h i c k e n .  On t he  b a s i s  o f  such s t u d i e s  
the  Canadian Food and Drug D i r e c t o r a t e  has p e r m i t t e d  t e s t  mar-  
k e t i n g  o f  p o u l t r y  (700 krad max . )  and cod and haddock f i l l e t s  
(150 krad max. )  in  1973. In t he  S o v i e t  U n i o n ,  t he  s a l e  o f  expe-  
r i m e n t a l  ba t ches  o f  p o u l t r y  (600 k r a d )  and c u l i n a r y  p r e p a r e d  meat 
(800 k rad )  was p e r m i t t e d  in  1966 und 1967,  r e s p e c t i v e l y .  P e r m i s -  
s i o n  f o r  the  i r r a d i a t i o n  o f  l i m i t e d  b a t c h e s  ( I 0  t )  o f  s p i c e s  and 
cond imen ts  (800 - I000 k rad )  has been g r a n t e d  r e p e a t e d l y  in  t he  
N e t h e r l a n d s  s i n c e  1971. 

Severa l  e x t e n s i v e  f e e d i n g  s t u d i e s  w i t h  i r r a d i a t e d  ocean f i s h  are  
p r e s e n t l y  b e i n g  c a r r i e d  ou t  under  the  a u s p i c e s  o f  t he  I n t e r n a -  
t i o n a l  P r o j e c t  in  the  F i e l d  o f  Food I r r a d i a t i o n  ( I F I P ) ,  abou t  
wh ich  I w i l l  say more l a t e r  on.  P r o v i d e d  t h a t  t he  r e s u l t s  o f  
these  t e s t s  c o n t i n u e  to show no a d v e r s e  e f f e c t s ,  t h i s  s h o u l d  
open the  way to w o r l d w i d e  c l e a r a n c e s  f o r  f i s h  i r r a d i a t i o n .  Above-  
men t i oned  f e e d i n g  s t u d i e s  on r a d i a t i o n - s t e r i l i z e d  b e e f ,  c h i c k e n  
e t c . ,  shou ld  aga in  p r o v i d e d  t h a t  t he  r e s u l t s  c o n t i n u e  to  be 
n e g a t i v e  f a c i l i t a t e  the c l e a r a n c e  o f  t he  same p r o d u c t s  i r r a -  
d i a t e d  at  a lower  dose. The t e s t i n g  o f  s p i c e s  and enzymes in  
an imal  f e e d i n g  s t u d i e s  p r e s e n t s  c o n s i d e r a b l e  d i f f i c u l t i e s .  As 
these  p r o d u c t s  are added to  foods  i n  low c o n c e n t r a t i o n s  I t h i n k  
i t  would  be r e a s o n a b l e  to f o r s a k e  an imal  f e e d i n g  s t u d i e s  in  t h i s  
case and to  base c l e a r a n c e s  on t he  r e s u l t s  o f  c h e m i c a l  a n a l y s i s .  
The Dutch h e a l t h  a u t h o r i t i e s  have f o l l o w e d  t h i s  l i n e  when t h e y  
p e r m i t t e d  the  m a r k e t i n g  of  i r r a d i a t e d  s p i c e s  and c o n d i m e n t s .  
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Insect d is in fes ta t ion ,  quarantine control 

Doses below 100 krad may be used to d is in fes t  grain and other 
cereal products, pulses, fresh f r u i t s ,  dried f r u i t s ,  dried f ish 
etc. The egg phase of the l i f e  cycle of insects is the most sen- 
s i t i v e  to i r rad ia t i on ,  followed by the larval ,  pupal and adult 
stage in that order. Most insects are s ter i l i zed at doses of 5 
to 20 krad. Some adult moth species are more resistant and wi l l  
survive even 100 krad. However, the few progeny they produce 
under these conditions are s te r i le  (20). 

In most areas of the world, and par t icu lar ly  in warm, humid c l i -  
mates, grain cannot be stored without insect control, This is now 
achieved with chemicals, which are re la t i ve ly  cheap and quite 
ef fect ive.  However, the growing concerns about chemical residues 
in the environment may strengthen the interest in physical 
methods of insect control,  such as i r rad ia t ion .  

Summarizing the results of 5 cost evaluation studies which had 
been carried out between 1961 and 1972, Bal~zs-Sprincz (21) has 
produced the following graph, which indicates that the unit cost 
of fumigation of grain is independent of the quanti t ies treated, 
while the cost of i r rad ia t ion  decreases with increasing through- 
put of the i r rad ia to r .  According to these data i r rad ia t ion  
should cer ta in ly  be competitive with fumigation at annual 
throughputs of 200 000 t or more. I t  should be noted that,  in 
contrast to i r rad ia t i on ,  most chemical treatments leave residues 
which give continued protection against insect attack for weeks 
or months. Insect-proof si los are therefore more essential for 
radiat ion-dis infested grains than for chemically treated grains. 
However, th is difference between i r rad ia t ion  and fumigation wi l l  
be eliminated as persistent chemicals are more and more ruled 
out for health reasons. 

1.50- 

1.00- 

~ 0.50- 

C, oet of grain h'radiation and fumigation 

throu~put of facility lO't I year 
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Packaged f l o u r  and o t h e r  packaged p r o d u c t s  canno t  be a d e q u a t e l y  
d i s i n f e s t e d  by f u m i g a t i o n  w h i l e  i r r a d i a t i o n  appears  u n i q u e l y  
s u i t a b l e  f o r  t h i s  pu rpose .  A v a i l a b i l i t y  o f  t h i s  method would no t  
e l i m i n a t e  the  need f o r  c a r e f u l  p r o d u c t i o n  methods :  f i l t h  r e g u l a -  
t i o n s  make su re  t h a t  p r o d u c t s  c o n t a i n i n g  more than  a m in ima l  
number o f  dead i n s e c t s  are  kep t  o f f  the  m a r k e t .  

In  s p i t e  o f  p r e s e n t l y  p r a c t i c e d  f u m i g a t i o n  w i t h  methy l  b r o m i d e ,  
d r i e d  da tes  e x p o r t e d  from c o u n t r i e s  such as I r a q  are f r e q u e n t l y  
condemmned because o f  i n s e c t  c o n t a m i n a t i o n .  I n t e n s i v e  s t u d i e s  are 
t h e r e f o r e  b e i n g  c a r r i e d  o u t  in  I r a q  w i t h  the  aim o f  e s t a b l i s h i n g  
the  o p t i m a l  c o n d i t i o n s  f o r  r a d i a t i o n  d i s i n f e s t a t i o n  o f  da tes  (22 ,  
2 3 ) .  

In o r d e r  to  p r e v e n t  the  s p r e a d i n g  o f  p l a n t  pes t s  the  movement o f  
c e r t a i n  p l a n t s  from c o u n t r y  to  c o u n t r y  - or  even w i t h i n  one 
c o u n t r y  - i s  p r o h i b i t e d .  Sometimes the  p l a n t s  can be d i s i n f e s t e d  
by f u m i g a t i o n .  However,  t h e r e  are s i t u a t i o n s  where f u m i g a t i o n  i s  
no t  s u f f i c i e n t l y  e f f e c t i v e  because the  o rgan i sms  are l o c a t e d  i n -  
s i d e  the  f r u i t .  T h i s  is  f o r  i n s t a n c e  the  case w i t h  mango seed 
w e e v i l s .  Mangoes may t h e r e f o r e  n o t  be s h i p p e d  f rom Hawai i  to  
o t h e r  p a r t s  o f  the  U n i t e d  S t a t e s .  I r r a d i a t i o n  c o u l d  s o l v e  t h i s  
p rob lem and l a r g e  new marke t s  c o u l d  thus  be opened f o r  mango p r o -  
d u c e r s  ( 2 4 ) .  

C o n c e r n i n g  the  l e g a l  s i t u a t i o n :  i r r a d i a t i o n  o f  g r a i n  (30 k rad )  
has been p e r m i t t e d  in  t he  S o v i e t  Un ion  s i n c e  1959. In the  U n i t e d  
S t a t e s ,  wheat  and wheat f l o u r  may be i r r a d i a t e d  s i n c e  1963 (50 
k rad  max) ,  i n  Canada s i n c e  1969 (75 krad max) .  The S o v i e t  Un ion 
has a l s o  p e r m i t t e d  t r e a t m e n t  o f  d r i e d  f r u i t s  ( i 0 0  k rad ;  1966) and 
o f  d r y  food c o n c e n t r a t e s  (70 k r a d ;  1966) .  As f a r  as i s  known no 
p r a c t i c a l  use i s  be ing  made o f  t h e s e  p e r m i s s i o n s  in  any o f  t hese  
c o u n t r i e s .  

An ima l  f e e d i n g  s t u d i e s  w i t h  i r r a d i a t e d  s t r a w b e r r i e s ,  papayas ,  
mangoes and c e r t a i n  o t h e r  f r u i t s  have been comp le ted  or are now 
b e i n g  c a r r i e d  o u t .  I t  may t h e r e f o r e  be expec ted  t h a t  c l e a r a n c e s  
f o r  d i s i n f e s t a t i o n  t r e a t m e n t  o f  some f r u i t s  w i l l  be f o r t h c o m i n g  
in  t he  near  f u t u r e .  

S p r o u t  i n h i b i t i o n ,  de layed  r i p e n i n g  

A l l  r a d i a t i o n  t r e a t m e n t s  d i s c u s s e d  so f a r  are i n t e n d e d  to a f f e c t  
m i c r o o r g a n i s m s  o r  p a r a s i t e s  and no t  the  food i t s e l f .  In c o n t r a s t ,  
t r e a t m e n t s  to  be c o n s i d e r e d  in  t h i s  s e c t i o n  are i n t e n d e d  to  i n -  
f l u e n c e  p h y s i o l o g i c a l  p r o p e r t i e s  o f  l i v i n g  p l a n t  t i s s u e .  The 
f i r s t  p e r m i s s i o n  g r a n t e d  f o r  any food i r r a d i a t i o n  p rocess  con-  
ce rned  s p r o u t  i n h i b i t i o n  o f  p o t a t o e s  w i t h  a dose o f  I0 k rad 
( S o v i e t  U n i o n ,  1958) .  S ince  then  the  p rocess  has been approved in 
a b o u t  a dozen o t h e r  c o u n t r i e s .  A commerc ia l  p o t a t o  i r r a d i a t i o n  
p l a n t  ( " N e w f i e l d  P r o d u c t s " )  was pu t  i n t o  o p e r a t i o n  i n  Canada in  
1965. I t  was a f i n a n c i a l  f a i l u r e  and c l o s e d  down w i t h i n  a y e a r .  

C o n s t r u c t i o n  c o s t s  o f  the Japanese p o t a t o  i r r a d i a t i o n  p l a n t  
m e n t i o n e d  e a r l i e r  were 1.3 m i l l i o n  U.S. $. O p e r a t i n g  and ma in -  
t e n a n c e  c o s t s ,  i n c l u d i n g  repaymen t  and i n t e r e s t  on the  i n v e s t e d  
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cap i ta l ,  were 230 000 U.S. $ in 1973/74 when 15 000 t of potatoes 
were i r rad ia ted (15 S/t) and 245 OOO $ in 1974/75 when 13 000 t 
were i r rad ia ted (19 S/t)  (25). During the '75/76 season 30 OOO t 
were to be i r rad ia ted ,  with expected costs closer to 9 $ / t .  
Sprouting of potatoes can also be prevented by using chemicals 
such as CIPC (Chloroisopropylphenylcarbamate). This costs about 
i $ / t .  Capital investments are not needed - other than for a 
solid storage bui ld ing in to  which the chemical can be blown as an 
aerosol. Depending on temperature and v e n t i l a t i o n  condi t ions,  the 
CIPC gradually evaporates o f f ,  and for long-time storage the 
treatment may have to be repeated several times. I f  we assume 
that 3 chemical treatments are needed to prevent sprouting during 
9 months of storage, t h i s  process is s t i l l  cheaper than i r r ad ia -  
t ion.  

One way of lowering costs would be to use the i r r a d i a t o r  for 
t reat ing other foods during the months when no potatoes are to be 
i r rad ia ted ,  e.g. for sprout inh ib4 t ion  of onions. Clearances for 
i r r ad ia t i on  of unl imited amounts of onions have been granted in 
7 countries between 1965 and 1973. A general ly  accepted chemical 
method for sprout i n h i b i t i o n  in onions is not avai lab le.  A Dutch 
working group has designed an onion i r r a d i a t i o n  f a c i l i t y  for 
which un i t  costs of 11U.S. $ / t  are foreseen (26). A pr ivate in-  
vestor is prepared to bui ld th i s  f a c i l i t y  as soon as some coun- 
t r i es  which are the main importers of Dutch onions (such as West- 
Germany) have approved the process. The Dutch government has 
cleared gamma-irradiated onions (5 krad) in 1975. 

In some t ropica l  count r ies ,  yams are an important const i tuent  of 
the d ie t .  As Adesuyi has shown in Niger ia,  sprout ing,  the main 
cause of the large storage losses which annually occur, can be 
prevented by a rad ia t ion  dose of 5 to 10 krad, while various che- 
mical treatments were not found to be e f fec t i ve  (27). Here in 
Puerto Rico, Rivera et a l .  (28) have observed that a dose of 7.5 
krad prolongs the storage l i f e  of yams at ambient temperatures by 
4 months, with no appreciable ef fect  on chemical composition. 

Radiation doses in the range of 10 to 100 krad cause delayed 
ripening in many f r u i t s  such as bananas, mangos, guavas, sapodil- 
las (28), thus providing increased storage l i f e .  Higher rad iat ion 
doses tend to cause accelerated r ipening or various types of 
t issue damage. Beneficial e f fects of low-dose rad ia t ion observed 
in f r u i t s  are often a combination of ef fects on the f r u i t ' s  phy- 
siology and spoilage f l o ra .  Continued research is l i k e l y  to show 
that low doses of i r r a d i a t i o n  applied together with hotwater 
dipping and/or skin-coat ing and/or cont ro l led atmosphere storage 
w i l l  give better resu l ts  than rad ia t ion  alone or the other t rea t -  
ments alone. 

Improvement of food qua l i t y  

There are some ind icat ions that i r r a d i a t i o n  can be used to 
shorten the cooking time of some dried vegetables, to improve 
rehydration capacity of dried f r u i t s ,  to improve the d i g e s t i b i -  
l i t y  of soybeans, to increase the ju ice y i e l d  from f r u i t s  and 
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b e r r i e s ,  to have a f a v o r a b l e  e f f e c t  on the ageing of some a l c o -  
h o l i c  beverages or to be a too l  f o r  the p r o d u c t i o n  of  m o d i f i e d  
s t a r c h e s  (29 ) .  Whether any of  these o b s e r v a t i o n s  can lead to 
p r a c t i c a l l y  use fu l  processes remains to be seen. 

F o o d - r e l a t e d  i tems 

Rather  l a rge  q u a n t i t i e s  of  feeds f o r  l a b o r a t o r y  an imals  are r ou -  
t i n e l y  s t e r i l i z e d  by i r r a d i a t i o n  (30 ) .  As the users  of  such feeds 
become aware of the advantages of  r a d a p p e r t i z a t i o n  over  h e a t -  
s t e r i l i z a t i o n  and as more r a d i a t i o n  sources become a v a i l a b l e ,  the 
volume of  t h i s  a p p l i c a t i o n  w i l l  c e r t a i n l y  grow. Th is  i s  o f  i n -  
t e r e s t  f o r  two reasons.  F i r s t l y ,  r a d i a t i o n  p r o c e s s i n g  of such 
m a t e r i a l s  du r ing  per iods  of the year  when no foods are to be 
i r r a d i a t e d  w i l l  help food i r r a d i a t i o n  p l a n t s  to opera te  more eco- 
n o m i c a l l y .  Secondly ,  the o b s e r v a t i o n  t h a t ,  year  a f t e r  y e a r ,  l a -  
b o r a t o r y  an imals  are t h r i v i n g  on i r r a d i a t e d  d i e t s  should  he lp  to 
conv ince  the s c e p t i c s  t h a t  i r r a d i a t e d  foods are safe to ea t .  

S t e r i l i z a t i o n  of  food packaging m a t e r i a l s  and c o n t a i n e r s  is  an- 
o t h e r  process t ha t  can help food i r r a d i a t i o n  f a c i l i t i e s  to  b e t t e r  
u t i l i z e  t h e i r  c a p a c i t y .  The Dutch food i r r a d i a t i o n  p l a n t  a t  Wage- 
n i ngen ,  f o r  i n s t a n c e ,  is  p rocess ing  m i l k  c a r t o n s  r o u n d - t h e - c l o c k  
when s p i c e s ,  or o ther  foods c leared  f o r  i r r a d i a t i o n  in the Neth-  
e r l a n d s ,  are not a v a i l a b l e  f o r  t r e a t m e n t .  

Why the slow c o m m e r c i a l i z a t i o n ?  

A l t hough  some 17 c o u n t r i e s  have g iven  comple te  or p a r t i a l  c l e a r -  
ance f o r  one or another  i r r a d i a t e d  food p r o d u c t ,  on ly  the Japa- 
nese p o t a t o  i r r a d i a t o r  and - on a much s m a l l e r  sca le  the i r r a -  
d i a t i o n  f a c i l i t y  at Wageningen are p roduc ing  i r r a d i a t e d  foods 
c o m m e r c i a l l y .  This is sometimes c i t e d  as ev idence  t h a t  i n d u s t r y  
i s  not  at a l l  i n t e r e s t e d  in food i r r a d i a t i o n  and t h a t  a l l  f u r t h e r  
e f f o r t s  in t h i s  f i e l d  are a waste of  money. 

I do not share t h i s  p e s s i m i s t i c  e v a l u a t i o n .  In o rde r  to be econo- 
m i c a l l y  a t t r a c t i v e ,  the new process must be a p p l i c a b l e  to more 
than a few food i tems.  I t  is  a lso  e s s e n t i a l  t h a t  e x i s t i n g  e x p o r t  
b a r r i e r s  are removed. What good is  a c l e a r a n c e  f o r  on ion i r r a d i a -  
t i o n  in the Nether lands  or f o r  po ta to  i r r a d i a t i o n  in France i f  
e x p o r t  to none of the n e i g h b o r i n g  c o u n t r i e s  is  p o s s i b l e ?  

A l s o ,  i r r a d i a t e d  produc ts  approved u n t i l  now are not  the most 
s u i t a b l e  ones from an economic v i e w p o i n t .  Th is  is  p a r t i c u l a r l y  
t r u e  f o r  wheat and po ta toes .  These are bu lk  commodi t ies  w i t h  a 
low u n i t  p r i c e .  Even a smal l  p r i c e  i n c r e a s e  to cover r a d i a t i o n  
cos t s  w i l l  be s i g n i f i c a n t  in t h i s  case. P a r t i c u l a r l y  when cheaper  
chemica l  processes are a v a i l a b l e .  On top of  t h i s ,  both these 
commodi t ies  are seasonal .  An i r r a d i a t o r  s p e c i f i c a l l y  b u i l t  f o r  
po ta to  p rocess ing  is i d l e  9 to I0 months of the year  w h i l e  the 
c o b a l t - 6 0  is  d i s i n t e g r a t i n g  at a r a t e  o f  12 % per y e a r .  Compare 
t h i s  w i t h  the s i t u a t i o n  of  a p l a n t  where sp i ces  are packaged or 
where enzymes are produced. P roduc t i on  c o n t i n u e s  y e a r - r o u n d  and 
i r r a d i a t o r s  could be u t i l i z e d  e f f i c i e n t l y .  I r r a d i a t i o n  cos ts  
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would thus be low in r e l a t i on  to the high price of these pro- 
ducts. For s imi lar  reasons the economic outlook should be good 
for i r r a d i a t i o n  of meat and meat products ( inc lud ing game and 
fowl) - be i t  for Salmonella destruct ion or for extension of re- 
f r igerated shelf  l i f e .  Some of the t rop ica l  f r u i t s  which are 
harvested a l l  year and for which rather high prices are paid on 
export markets should be in the same class. These are the pro- 
ducts that could bring the breakthrough for commercialization. 
But none of these have received unlimited clearance in any coun- 
t r y .  

Future development 

Future progress thus depends pr imar i l y  on the clearance of more 
i r rad ia ted products in more countr ies.  Unt i l  now the granting of 
such clearances has been based on the sa t is fac to ry  demonstration 
of wholesomeness by long-term animal feeding experiments (31). 
How involved, how expensive such studies have become may be 
i l l u s t r a t e d  by the fact  that  the completion of the U.S. Army's 
program for test ing the wholesomeness of radappertized beef 
alone has required about 5 years and 5 m i l l i on  $ (32). I t  in- 
volved 1500 dogs, 27000 rats and 20000 mice. 

In an e f f o r t  to pool t he i r  resources for  carrying out such cost- 
ly  test ing programs, 23 countr ies have joined the Internat ional  
Program in the Field of Food I r r a d i a t i o n  (IFIP) which has i t s  
headquarters in our Research Center at Karlsruhe. The at t i tude 
of the World Health Organization and of national health author i -  
t ies towards clearance pe t i t i ons  for  i r rad iated foods w i l l  be 
much influenced by the resu l ts  produced under th i s  program. As 
i t  stands now IFIP w i l l  terminate in 1979. Unless i t s  work w i l l  
have brought about a fundamental change in the evaluation of the 
wholesomeness of i r rad ia ted foods by that time, par t i c ipa t ing  
countries are l i k e l y  to loose a l l  in te res t  in food i r r a d i a t i o n .  
In view of the very large sums that have been spent on whole- 
someness test ing of i r rad ia ted  foods over a period of some 20 
years, i t  is the general fee l ing  that " th is  cannot go on for -  
ever" 

The U.S. Food and Drug Admin is t ra t ion,  and in i t s  wake other na- 
t ional  health agencies, have declared food i r r a d i a t i o n  as a food 
addi t ive - but a d i f f e r e n t  food addi t ive with each foodstuf f .  
Clearances for chemical food addit ives are based on feeding 
studies in which these chemicals are fed to animals together 
with a standard laboratory d ie t .  When food addi t ive X is to be 
used on oranges or r a i s i n s ,  nobody would think of demanding se- 
parate feeding studies with oranges and ra is ins  containing X. I t  
is s u f f i c i e n t  to feed X with a standard rat or mouse d ie t .  Not 
so with i r r a d i a t i o n .  Although scores of animals have been fed 
successful ly with i r rad ia ted standard d ie ts ,  clearance for i r r a -  
diated oranges requires long-term feeding studies with i r r a d i a t -  
ed oranges. Not enough. The " ru les"  state that the i r r ad i a t i on  
condit ions for the test  d ie t  should be as nearly as possible 
ident ica l  to those l i k e l y  to prevai l  in the treatment of that 
food in commercial pract ice.  Taken l i t e r a l l y  th i s  means that 
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clearance for i r r ad ia ted  packaged f i sh  f i l l e t s  cannot be granted 
i f  the feeding studies were done on unpackaged whole f i s h .  I t  
also means that  clearance for f i sh  i r rad ia ted  at 100 krad cannot 
be granted i f  the feeding studies were done with f i sh  i r rad ia ted  
at 5 Mrad. According to present pract ice i t  is necessary to do 
feeding studies on i r r ad ia ted  r ice  before i r r ad ia ted  r i ce  can be 
cleared - although i r r ad ia ted  wheat has been tested in extenso; 
feeding studies on mangoes have to be done although i r rad ia ted  
papayas and several other f r u i t s  have been tested for years. And 
so on. 

This is absurd. Perhaps th is  approach was necessary twenty years 
ago when l i t t l e  was known about the e f fec t  of i r r a d i a t i o n  on 
foods. But i t  is not necessary now. The s c i e n t i f i c  l i t e r a t u r e  on 
rad ia t i on  ef fects  has grown exponent ia l l y  in these twenty years 
and we know more about rad ia t i on  induced changes than about the 
e f fec ts  of heat ing,  smoking and cur ing. We can estimate the 
amounts of r a d i o l y s i s  products in i r rad ia ted  foods and we f ind 
tha t ,  wi th a rad ia t ion  dose of 500 krad fo r  instance,  no product 
is formed at a concentrat ion of over 1 mg/lO0 g or 10 ppm (33). 
Ac tua l l y ,  the only product found at t h i s  level  is CO 2. Compounds 
of any po ten t ia l  t o x i c o l o g i c a l  s ign i f i cance  are probably closer 
to one tenth or one hundreth of th is  l eve l .  

Under these circumstances i t  is senseless to go on with the old 
" i tem-by- i tem" feeding s tud ies ,  pe t i t i ons  and clearances. I f  i t  
is senseless i t  is also a waste of publ ic funds. The time has 
come to recognize that i r r a d i a t i o n  is a process ra ther  than a 
food add i t i ve  - a physical process comparable to heating. I am 
not saying that  no fu r the r  research is requi red.  Research is 
being done on heated foods although they have been consumed for 
thousands of years. Nor do I say that i r r a d i a t i o n  of a l l  foods 
at any dose level  should be permitted. I do suggest that  enough 
animal feeding s tud ies,  enough t e r a t o g e n i c i t y ,  mutagenic i ty ,  can 
ce rogen ic i t y  t es t i ng ,  enough microb io log ica l  studies and enough 
chemical analyses have been carr ied out to c l a s s i f y  a l l  foods 
i r r a d i a t e d  with a dose of 500 krad or less as "genera l ly  recog- 
nized as safe" (GRAS). When the work now going on under the 
auspices of IFIP and of the Natick Laboratories has progressed 
with s a t i s f a c t o r y  resu l t s  for  another 3 or 4 years i t  should be 
possible to l i f t  the dose l i m i t  to 5 Mrad. I f  t h i s  ac tua l l y  
happens I have no doubt that  the process w i l l  be widely accepted 
by food i n d u s t r i e s .  I f  on the other hand the old " i tem-by- i tem" 
t es t i ng  and p e t i t i o n  requirements are s t i l l  in force at the end 
of t h i s  decade, food i r r a d i a t i o n  w i l l  be a dead issue. 
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