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T H E  M E T A B O L I Z A B L E  E N E R G Y  A N D  A P P A R E N T  D I G E S T I B I L I T Y  
OF FOOD STERILIZED BY IONIZING RADIATION. 

OBJECT: --- 
T o  c o m p a r e  t h e  d i g e s t i b i l i t y  and  m e t a b o l i z a b l e  e n e r g y  of t h e  m a c r o -  

nutr ients ,  o f  f o o d  s t e r i l i z e d  by g a m m a  r a d i a t i o n  w i t h  s i m i l a r  n o n - i r r a d i a t e d  
foods: a n d  t o  m a k e  f u r t h e r  obse rva t ions  upon t h e  c o n s i s t e n c y  of r h e  c u r r e n t  
e s t i m a t e s  of m e t a b o l i z a b l e  ene rgy .  

SUMMAKY AND CONCLUSIONS: 
cc- 

S o m e  42  d i f f e r e n t  i r r a d i a t e d  foods were f e d  t o  1 6  v o l u n t e e r  h u m a n  
s u b j e c t s  i n  t h r e e  c o m p l e t e  m e t a b o l i c  b a l a n c e  studies where in  t h e  t o t a l  
c a l o r i e s  f r o m  t h e  i r r a d i a t e d  foods oi t h e i r  c o n t r o l  i t e m s  were  i n c r e a s e d  
f rom 35% t o  60% a n d  t o  80% i n  success ive  s t u d i e s .  T h e s e  foods ,  e x c e p t  
p o t a t o e s ,  were  f r o z e n ,  s u b j e c t e d  t o  g a m m a  r a d i a t i o n  dosages ,  va ry ing  a c -  
cord ing  t o  i t e m ,  of 1 x 1 0 4  t o  1 x 1 0 6  t e p ,  a n d  kep t  f r o z e n  u n t i l  use .  I n  two 
s tud ie s ,  t h e  i r r a d i a t e d  a n d  c o n t r o l  i t e m s  were f r o m  t h e  s a m e  b a t c h ;  i n  t h e  
t h i r d ,  t h e  i r r a d i a t e d  foods  w e r e  m a t c h e d  wi th  s i m i l a r  c o n t r o l  i t e m s .  Each  
s t u d y  was d i v i d e d  i n t o  two 1 5 - d a y  periods,  c o n s i s t i n g  of t h r e e  days  p r e -  
f eed ing  a n d  t w o  6 - d a y  b a l a n c e  per iods .  Half t h e  s u b j e c t s  w e r e  f e d  t h e  
i r r a d i a t e d  menus  f o r  t h e  f i r s t  pe r iod  a n d  then  c h a n g e d  with t h e  c o n t r o l  
group i n  t h e  l a s t  p e r i o d .  
m i n e d  for  a l l  foods a n d  e x c r e t a .  
s p e c i m e n s  were  c o m p l e t e .  

P r o x i m a t e  ana lyses  a n d  c a l o r i m e t r y  were  d e t e r -  
Consumpt ion  of food  a n d  c o l l e c t i o n  of 

T h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  t h e  i r r a d i a t e d  a n d  c o n t r o l  
foods i n  t e r m s  of gross  e n e r g y ,  m e t g b o l i z a b l e  e n e r g y  or m a c r o n u t r i e n t s  c o n -  
t en t .  C o e f f i c i e n t s  of  a v a i l a b i l i t y  and  n i t rogen  b a l a n c e s  were e s s e n t i a l l y  
e q u a l  f o r  bo th  d i e t s .  I n  compar i son  with d i r e c t  c a l o r i m e t r y ,  t h e  gross  e n e r g y  
and  m e t a b o l i z a b l e  e n e r g y  of t h e  d i e t s  t e n d e d  t o  b e  o v e r - e s t i m a t e d  by  food  
t a b l e s ,  a n d  b y  a p p l i c a t i o n  of e i t h e r  g e n e r a l  o r  s p e c i f i c  f a c t o r s  t o  t h e  
c h e m i c a l  ana lys i s  of food  as d e t e r m i n e d  i n  t h e s e  s t u d i e s .  
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INTROBUCTION 

T h e  p r e s e r v a  

9.o du c e d.* by ihf c k -  
a c t a r i a  a n d  i n h i b i t i o a  of e n z y m e s  b y  i o n i z i n g  r a d i a t i o n  of fe rs  a ' n e w  app-roach 
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t o  th i s  p rob lem.  With t h e  a d v e n t  of h igh  v o l t a g e  e l e c t r o n  a c c e l e r a t o r s  a n d  
g a m m a - e m i t t i n g  r a d i o i s o t o p e s  f r o m  a t o m i c  r e a c t o r s  c o m m e r c i a l  a p p l i c a t i s n  
of t h e  r a d i a t i o n  s t e r i l i z a t i o n  p r o c e s s  is n o w  f e a s i b l e .  

Ionizing r a d i a t i o n s  a t  a dose l e v e l  of o n e  t o  t h r e e  m i l l i o n  r o e n t g e n -  
At h i g h e r  -- e q u i v a l e n t s - p h y s i c a l  (r.ep) 8r.e s u f f i c i e n t  t o  k i l l  b a c t e r l a  (27).  

dosages of t h r e e  t o  10 m i l l i o n  r e p  t h e  food  enzymes  may  b e  i n a c t i v a t e d .  
S m a l l e r  doses a r e  e f fec t ive  i n  p r e v e n t i n g  th.e s p r o u t i n g  of p o t a t o e s  a n d  oaions  
(8 .29 )  And i n  dasxroyfng t r i c h i n a e  i n  m e a t  p roduc t s  (12). Radia t ion  energies .  
of t h i s  m a g n i t u d e ,  d e r i v e d  f r o m  g a m m a - e m i t t i n g  s p e n t  f u e l  rods,  do nog-ig- 
duce any s i g n i f i c a n t  a m u u n t  of r a d i o a c t i v i t y  i n  t h e  food  ma.xerial, Some 
c h e m i c a l  a l t e r a t i o n s  ore p r o d u c e d  which, a l t h o u g h  s m a l l ,  a r e  d e t e c t a b l e  a n d  
resul t  in c h a n g e s  i n  f l a v o r ,  t e x t u r e ,  c o l o r  a n d  odor .  T h e s e  c h e m i c a l  c h a n g e s  
have  b e e n  i n v e s t i g a t e d  OS p o t e n t i a l  h a z a r d s  t o  heolxh.  S t u d i e s  h a v e  .been  r e -  
p o r t e d  on t h e  dertructlan of p r r s n t i a l  n u t r i e n t s  s u c h  as v i t a m i n s  a n d  arnin,a 

ac ids  (1.13.263, t h e  p r o d u c t i o n  of t o x i c  compounds  (15) and  t h e  f o r m a t i o n  b y  
i r r a d i a t i o n  of s u b r t a a c e s  wh ich ,  upon p ro longed  i n g e s t i o n ,  rn ry  b e  c a r c i a -  
g e n i c  (30) .  

The O f f i c e  of f i e  Q u l r t c s m a t t e r  G e n e r a l  has o r g a n i z e d  a n  e l a b o r a t e  

T h e  i n v e s r i g r t i o n  of t h e  n u t r i t f o n d  a s p e c t s  a n d  p o s s i b l e  t o x i c  
program .to expFmrs t h e  po.teetSalLti.es of zhe .use of r a d i a t i o n  i n  food  pse -  
r e rva t ion .  
e f f e c t s  of s u c h  i r r a d l a t i d  foods  i r  u n d e r  t h e  a u p i c e s  of t h e  O f f i c e  of $he 
Surgeon G e n e r a l  of t h e  U n i t e d  S t a t e s  Army.  
t e r m  a n i m a l  f e e d i n g  s t u d i e s  of i n d i v i d u a l  i r r a d i a t e d  foods ha6 b e e n  f n i t i a t e d  
( 9 2 , 2 3 , 2 4 , 2 ! S ) .  
a p a n e l  of p r o f e s s i o n a l  t a s t e r s  is e m p l o y e d  t o  assess p a l a t a b i l i t y .  T h e s e  in- 
d iv idua l s  a r e  under  c u n t i n u o u s  careful m e d i c a l  supe rv i s ion .  
to  t a s t e - p a n e l  e v a l u a t i o n  are t h e n  f e d  t o  h u m a n  s u b j e c t s .  T h e s e  m e t a b o l i c  
b a l a n c e  s t u d i e s  wi th  h u m a n  s u b j e c t s  h a v e  b e e n  c o n d u c t e d  o n  t h e  M e t a b o l i c  
Research Ward of t h e  U . S .  Army M e d i c a l  Reasearch a n d  N u t r i t i o n  Labora to ry .  
These  s t u d i e s  w e r e  c o m p l e t e d  i n  1956 .  T h i s  r e p o r t  is c o n c e r n e d  with t h e  
d e t e r m i n a t i o n  of t h e  m e t a b o l i z a b l e  e n e r g y  a n d  a p p a r e n t  d i g e s t i b i l i t y  of t h e  
r a d i a t i o n - s t e r i l i z e d  foods f e d  i n  t h e s e  i t u d i e s .  A n  assessment  of t o x i c i t y  
a n d  a c c e p t a b i l i t y  is p r e s e n t e d  i n  o t h e r  repor t s  (16.17). 
of  t h e  c h a n g e s  i n  t h e  n u t r i e n t s  e v o k e d  b y  r a d i a t i o n  s t e r i l i z a t i o n  processes  
may b e  f o u n d  i n  t h e  r ev iew v o l u m e  e d i t e d  b y  B a i l e y ,  et ;rl, (,5). 

, 

A s e r i e s  of s h o r t - a n d  l o n g -  

For t hose  foods which  h a v e  no d e l e t e r i o u s  e f f e c t s  on a n i m a l s .  

Foods a c c e p t a b l e  

E x c e l l e n t  discussions 

METHODS 

G e n e r a l  P l a n  of t h e  S tud ie s .  

T h e  t h r e e  c o m p l e t e  m e t a b o l i c  b a l a n c e  s t u d i e s  e a c h  c o n s i s t e d  of two 
1 5 - d a y  p e r i o d s  s e p a r a t e d  b y  an i n t e r v a l  of t h r e e  to s e v e n  days of res t .  
f i r s t  t h r e e  days ,  c o n s t i t u t i n g  o n e  r o t a t i o n  of t h e  t h r e e  menus ,  were a p r e -  
f e e d i n g  p e r i o d  t o  e q u i l i b r a t e  t h e  t e s t  s u b j e c t s  t o  t h e  d i e t .  
1 5 - d a y  p e r i o d  h a l f  t h e  s u b j e c t s  r e c e i v e d  t h e  d i e t  c o n t a i n i n g  t h e  i r r a d i a t e d  
food i t e m s ,  w h i l e  t h e  o t h e r  h a l f  r e c e i v e d  t h e  c o n t r o l  d i e t .  T h e  s i t u a t i o n  
was r e v e r s e d  in t h e  s e c o n d  1 5 - d a y  p e r i o d .  A res t  pe r iod  of s e v e r a l  months 
was m a i n t a i n e d  b e t w e e n  s t u d i e s  t o  p r e v e n t  a c c u m u l a t i o n  of p o s s i b l e  t o x i c  

The  

During t h e  f i r s t  

- /,- 



e f f e c t s .  
a n d  a n  i n c r e a s i n g  p e r c e n t a g e  of  t o t a l  c a l o r i e s  f r o m  i r r a d i a t e d  i t e m s .  

Each s u c c e e d i n g  s tudy  p r o v i d e d  a g r e a t e r  v a r i e t y  of i r r a d i a t e d  foods 
* . I n  the 

f i r s t .  s t u d y ,  a p p r o x i m a t e l y  3570 of t h e  t o t a l  c a l o r i e s  were p rov ided  by  i r i ad ip t r a  77 

' f o o d ;  i n  t h e  second,.  '60%: and  i n  the. third, .  80%.- A l l  of th.e, iryadi4te.d fo,e:@q 
- - .  ite& were"ke$t .€$ozeC until. '.use. ' - T h e  s iudieb.  w'ere c o d e d i t o  d k t i n g u i s h  . e . & & +  

f r o m  t h e  o v e r a l l  te t ' f ing p rogram of e i g h t  f e e d i n g  e x p e r i m e n t s .  'In successive< 
o r d e r ,  t h e  codew refers  t o  t h e  l e n g t h  of t h e  t e s t  pe r iod  i n  days ,  t he  cond i t ion  
of  s t o r a g e  ( f r o z e n  or room tempera tu red )  and  t h e  p e r c e n t  c a l o r i e s  f rom i r r a -  z 
d i a t e d  foods ;  a c c o r d i n g l y ,  t h e s e  t e s t s  a r e  r e fe r r ed  t o  as 15F35, 15F60 and ! 
15F80. 

T h e  t e s t  s u b j e c t s  w e r e  c o n s c i e n t i o u s  o b j e c t o r s  of t h e  Mennon i t e  f a i t h  
who v o l u n t e e r e d  f o r  t h e  p rogram as a means  of f u l f i l l i n g  t h e i r  o b l i g a t i o n  to  
S e l e c t i v e  S e r v i c e .  
t u r n o v e r ,  s i x t e e n  d i f f e r e n t  men were  i n v o l v e d  i n  t h e  t h r e e  s t u d i e s ,  These  d b  
m e n  w e r e  a l l  18 t o  2 2  y e a r s  of a g e  and  passed  a c a r e f u l  m e d i c a l  e x a m i n a t i o n . 3  3 

b e f o r e  admiss ion  t o  t h e  t e s t s .  One  s u b j e c t  (RED) was l a t e r  found t o  h a v e  had-a  
a c u t e  a t t a c k  of i n f e c t i o u s  h e p a t i t i s  t h e  y e a r  b e f o r e  t h e  t e s t .  Al though h e  ' ~-d 
f e l t  p e r f e c t l y  w e l l ,  on s o m e  occas ions  t ende rness  was n o t e d  i n  t h e  reg ion  of 
t h e  l i v e r  and  h i s  t h y m o l  t u r b i d i t y  t e s t  was p e r s i s t e n t l y  s l i g h t l y  e l e v a t e d .  

'1 ' 
Nine  or  ten  men were  used  on e a c h  s t u d y  but due  to  

Dur ing  t h e  t e s t s  t h e  men l i v e d  o n  t h e  M e t a b o l i c  Research Ward.  A l -  " 8  
most  a l l  h a d  previous  e x p e r i e n c e  with m e t a b o l i c  b a l a n c e  s tud ie s .  Evidence  
i n d i c a t e s  t h e  s u b j e c t s  w e r e  e n t h u s i a s t i c  suppor t e r s  of t h e  p rogram and most 
s c rupu lous  i n  t h e  c o l l e c t i o n  of s p e c i m e n s .  T h e y  were not  i n fo rmed  of t h e  73 
p a t t e r n  of t h e  s tudy  or t o l d  which  foods  were  i r r a d i a t e d .  -3 2 

, 
Procuremen t  a n d  P rocess in3  of Food.  ...................... ------- 

A l l  t e s t  foods, bo th  i r r a d i a t e d  and  c o n t r o l ,  w e r e  o rde red  through the  
Q u a r t e r m a s t e r  Food a n d  C o n t a i n e r  I n s t i t u t e  for  t h e  Armed Forces ,  C h i c a g o  
I l l i n o i s .  A l l  foods ,  e x c e p t  swee t  and  w h i t e  p o t a t o e s ,  were  p l a c e d  i n  e i t h e r  
No. 2 or  No. 1 0  c a n s  and  f r o z e n .  A l t e r n a t e  cans  of e a c h  food  i t e m  s tocked  
were sh ipped  by  a i r  t o  A r c o ,  I d a h o  o r  Dugway,  U t a h ,  f o r  i r r a d i a t i o n  by gamma 
rays of a mixed  s p e c t r u m  a t  a dose l e v e l  of t h r e e  m i l l i o n  r ep .  A l l  t e s t  
foods ,  bo th  i r r a d i a t e d  a n d  c o n t r o l ,  w e r e  h k l d  i n  the , . f rozen  s t a t e  u n t i l  the  
t i m e  of use ,  e x c e p t  t h o s e  n o r m a l l y  s t o r e d  a t  room t e m p e r a t u r e .  Whi t e  and  
s w e e t  p o t a t o e s ,  which  were i r r a d i a t e d  o n l y  t o  p reven t  sp rou t ing ,  r e c e i v e d  a 
r a d i a t i o n  dosage  of 2 0 , 0 0 0  r e p .  A l l  t e s t  foods ,  both i r r a d i a t e d  and  c o n t r o l ,  
c a m e  f rom the  s a m e  b a t c h ,  e x c e p t  i n  t h e  s e c o n d  s t u d y  (15F60). Non-test  
foods which  were  used t o  p r o v i d e  the  b a l a n c e  of c a l o r i e s  i n  t h e  f i r s t  t h r e e  
s tud ie s  were  p rocured  th rough  t h e  Post Commissa ry .  

T h e  p r e p a r a t i o n  of t h e s e  foods i s  d e t a i l e d  i n  a r epor t  by McGary and  
S h i p m a n  (18 ) .  Wheneve r  poss ib l e ,  food  was we ighed ,  cooked  and served  i n  
t h e  s a m e  c o n t a i n e r .  C a n n e d  p i n e a p p l e  chunks ,  pears  and  appr i co t s  were 
d r a i n e d  be fo re  we igh ing .  
p e n d e n t  of h i s  w e i g h t  or  c a l o r i c  r e q u i r e m e n t .  
sumed .  C o n t a i n e r s  were  a c t u a l l y  l i c k e d  c l e a n .  Glasses  were  washed s e v e r a l  
t i m e s  wi th  w a t e r  a n d  t h e  washings c o n s u m e d  by t h e  s u b j e c t .  

Each  man r e c e i v e d  t h e  s a m e  c a l o r i c  l eve l  i n d e -  
A l l  m e a l s  were  t o t a l l y  c o n -  

- 2  - 
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I n d i v i d u a l  foods  w e r e  a n a l y z e d  f o r  n i t r o g e n ,  c r u d e  fat, rnoistur e and  f s h .  
P r o t e i n  c o n t e n t  was colculgte‘d? f r d m  c a r b o h y d r a t e  w a r  e s t i m a t e d  by  d i f f e r e n c e .  

t h e  a p p r o p r i a t e  f a c t o r s  i n d i c a t e d  by Jones (14). C o m p o s i t e s  !of e a c h  menu  in 
s t u d y  .1SP80 +were p r e p a r e d  a n d  , a n a l y z e d  for  t h e _  a f o r e m e n t i o n e d  constiruen.ts.  
s t a n d a r d  t a b l e s  of food c o m p o s i t i o n  were used  i n  c o m p u t i n g  t a b u l a r  -v&)ues ( 7 ,  9 ,  
1 0 , I S .  2 0 ,  Si). 
w e r e  d e t e r m i n e d  b y  oxygaa bomb c a l o r i m e t r y  (21) a n d  by a p p l i c a t i o n  of Atwater‘s  
f a c t o r s  (4) t o  froth %he t a b u l a r  c o m p o s i t i o n  a n d  t h e  composixioa b y  ana lys i s .  , 

These f a c t o r s ,  f o r  c o m p u t i n g  t h e  h e a t s  of c o m b u s t i o n  and f u e l  values ,  w e r e  those  
a d a p t e d  wi th  m o d f f l c r t i o q s  b y  Berns t e in  and a s s o c i a t e s  (6)  a n d  s i m i l a r  to4tfisse 
r e p o r t e d  by  M e r r f l l  a n d  W a t t  (19). 
a p p l y i n g  t h e  f a c t o r s  given for p h y s i o l o g i c  e n e r g y  b y , M e r r i l l  a n d  W a r t  ( 2 0 ) .  
gross a n d  m e t a b o l i z a b l e  e n e r g i e s  d e t e r m i n e d  by d i r e c t  c a l o z f m e t r y  weme t h e n  

T h e  gross e n e i g y  of i n d i v i d u a l  foods a n d  h o m o g e n i z e d  compo’si t ts  

T h e  m e t a b o l i z a b l e  e n e r g y  was e s t i m a t e i  by 
T h e  

U ~ L .  The r e s a I t s  of t h e s e  
srvsd .dirctspanciac ( 6 ) .  

C o  1 Le ct f rig .-Of .‘s5mcmta ;was d o  mp le t e  TII e rub 1 e c t 4 ,  y e r a  n e i g h  e d !nude 
e p c h  m w n i n g  xfter  voiding; 
ur iaes  w e r e  -cp+t2.$ed An8 20$ +iic(uots: qf ,kach doi ly  s p e c i m e n  r e f z i g e r w e d .  
T h e  a l i q u o t s  of e a c h  rdx d a y  b a l a n c e  pe r iod  w e r e  t h e n  poo led  i n t o  o n e  s p e c i -  
m e n  fo:r .ah+lysi . t .  The ~ u r ~ n e : . w a s ~ m a l \ y z e d .  fm t o t a l  n i t rog+n ,by  %he.KieLdahl  ... . 

I&., marhorf-(3) and  aliqu.ots l y o p h y l i z e d  b y  t h e  p r o c e d u r e  of Eriksson (11). T h e  8 

c a l o r i c  v a l u e  was  d e t e r m i n e d  b y  oxygen bomb c a l o r i m e t r y ,  using b e n z o i c  a c i d  
as a p r i m e r .  

:Beganning a t  ‘seven in: t h e  mo?ning, 24:howr 

C a r m i n e  marke r s  were  used t o  s e p a r a t e  t h e  f e c e s  a t  t h e  b e g i n n i n g  a n d  e n d  
of e a c h  s i x  d a y  c o l l e c t i o n  p e r i o d .  Feces  w e r e  r e f r i s e r a t e d  in  . p o l y e t h y l e n e  
b u c k e t s  u n t i l  homagen imed  a n d  a l i q u o t e d .  A n a l y s i s  f o r  n i t r o g e n ,  c r u d e  f a t ,  
m o i s t u r e  a n d  a s h  w e r e  p e r f o r m e d  as r e p o r t e d  b y  Berns t e id ,  G . L .  (6)  
P r o t e i n  was . c a l c u l a t e d  b y  us ing  6 . 2 5  as a n i t r o g e n  c o n v e r s i o n  f a c t o r ,  a n d  
c a r b o h y d r a t e  was e s t i m a t e d  b y  d i f f e r e n c e .  T h e  c a l o r i c  c o n t e n t  was d e t e r m i n e d  
b y  d i r e c t  c a1 o r i  mezry. 4 

Xs t i m a t  i on of C o ef f i c ia nt  s of App a r e  n t Dig es t  i b  il i t y 

I t  was not  f e a s i b l e  t o  e s t i m a t e  t h e  m e t a b o l i c  o r  endogenous  m a c r o n a t r i e n t  
c o n t e n t  of f e c s s .  l r r s tead  all p r o t e i n ,  fat a n d  c a r b o h y d r a t e  i n  the  f e c e s  was r e -  
g a r d e d  a s  r e p r e s e n t i n g  unabso rbed  or u n d i g e s t e d  food  m a t e r i a l .  T h e  f e c a l  con- 
t e n t  of t h e  m a c r o n u t r i e n t  was s u b t r a c t e d  f rom t h e  d i e t a r y  c o n t e n t  of t h e  m a c r o -  
n u t r i e n t .  T h e  d i f f e r e n c e  was c o n s i d e r e d  t o  r e p r e s e n t  .absorbed m a c r o n u t r i e n t .  
T h e  l a t t e r  d i v i d e d  by . the q u a n t i t y  of i n g e s t e d  m a c r o n u t r i e n t  r e p r e s e n t e d  The 
f r a c t i o n  abso rbed .  This v a l u e  has been  used as t h e  c , o e f f i c i e n t  of a p p a r e n t  
df ges t i b i 1 i t  y or c o e f f i c i e n t  of a va i1 a b i l i t  y. 

C a l c u l a t i o n  of N i t r o g e n  B a l a n c e .  

Losses of n i t r o g e n  from t h e  skin as  i n s e n s i b l e  p e r s p i r a t i o n  and from h a i r  
a n d  f i n g e r  n a i l  c l i p p i n g s  h a r e  not e n t e r e d  i n t o  t h e  c a l c u l a t i o n s .  Such losses ,  
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u n d e r - o r d i n a r y  c o n d i t i o n s ,  d a  not  e x c e e d  t h r e e  or four h u n d r e  
In 1SF80, . w h e r e  e x e r c i s e  was a f e a t u r e  o f  t h e  s t u d y ,  such losse  
isi c~+agis  .* *N itkog'ed - 6 ~ l i n i e s  w e r e  'cslcilotkh o 
t e r f i b ' t d  nlttogea;of t h e  ksine'gand fecles ,'*" T .  ._ . , , , , . .  . .. * .  . . . .  
C a l c u l a t i o n  of Me t a b  o l  i z a b l  e En erg y 

Metabo1fza;ble  e n e r g y  was d e t e r m i n e d  b y  t h e  bomb c a l o r i m e t e r  ha l ance ,  
me thod ,  e s s e n t i a l l y  a& d e s c r i b e d  b y  Atwa te r  (4) wi th  t h e  m o d i f i c a t i o n  for nitro 
g e n  b a l a n c e  a d v o c a t e d  by Armsby (2). 

e q u i v a l e n t  t o  t h e  e n e r g y  f rom food which is a v a i l a b l e  t o  t h e  bo 
of h e a t ,  for  m u s c u l a r  a c t i v i t y ,  for e n z y m a t i c  processes  and  81 
a n d  f o r  t h e  o t h e r  a c t i v i t i e s  of a l i v i n g  organism.  
f o l  1 ow ing for  mu1 a: 

T h e  m e t a b o l i z a b l e  e n  

I t  is c o m p u t e d  f r o m  t h e  . , w  

E m = E  E l  E, Enb 
8 

where  Em is t h e  m e t a b o l i z a b l e  e n e r g y  of t h e  d i e t ,  E 
aiet: m e a s u r e d  i n  t h e  b o m b  c a l o r i m e t e r ,  Ef i s  t h e  e n e r g y  of t 
i n  t h e  bomb c a l o r i m e t e r ,  E u  is  t h e  e n e r g y  of t h e  u r i n e  .measured i n  t h e  bo 
c 8 l o r i m e t e r  a n d  Bnb i s  t h e  e n e r g y  c o r r e c t i o n  f o r  d e v i a t i o n s  f r o m  n i t r o g e n  
T h e  f a c t o r ,  6 . 2 8  C a l o r i e s  per. g r a m  of i m b a l a n c e  p e r  d a y ,  is  s u b t r a c t e d  fro 
gross energy in p o s i t i v e  n i t r o g e n  b # l a n c s ,  *nd is a d d e d  t o t h e  gross e n e r g y ' i  
n e g a t i v e  n i t r o g e n  b a l a n c e .  
of  m t t a b o l i z c r b l e  e n e r g y  is t h e  s u b j e c t  of a repor t  of t h i s  l a b o r a t o r y  (6). 

S p i f i c . p y n r m i c  , A c t i o n  or H e a t  Increm,ent  Feed ing  of t h e  D i e t .  

i s  t h e  gross e n e r g y  of  the g 

T h e  d e r i v a t i o n  of t h i s  f a c t o r  a n d  a f u l l  discussion 1, 

A f t e r  t h e  c o n s u m p t i o n  of food ,  a c e r t a i n  p ropor t ion  of t h e  e n e r g y  content  
a n d  of t h e  m e t a b o l i z a b l e  e n e r g y  i s  r e l e a s e d  as h e a t .  I t  i s  g e n e r a l l y  conceded  th 
t h i s  e r w r g y  is a v a i l a b l e  s o l e l y  for  m a i n t a i n i n g  t h e  t e m p e r a t u r e  of t h e  organism. 
From t h i s  p o i n t  of view, it is of more  l i m i t e d  v a l u e  t h a n  t h e  o t h e r  p o r t i o n  of 
t h e  m e t a b o l i z a b l e  ene rgy .  Some e s t i m a t e  of t h e  h e a t  i n c r e m e n t s  of f eed ing  of 
i r r a d i a t e d  f o o d  as c o m p a r e d  t o  i t s  c o n t r o l  is  t h e r e f o r e  necessa ry .  T h i s  was ob- 
t a i n e d  i n  t h e  f o l l o w i n g  manner :  
s t a t e  f o r  a b o u t  1 0  hours.  
c o l l e c t e d  &very hour  i n  a Tisso t  s p i r o m e t e r  a n d  t h e  c a l o r i c  r a t e  of h e a t  produc- 
t i o n  e s t i m a t e d  b y  a p p l y i n g  t h e  W e i r  c a l c u l a t i o n  (92) .  Such a t e s t  was previously 
a p p l i e d  t o  8 of t h e  9 t e s t  s u b j e c t s  used, i n  s t u d y  l S P S S ,  and was r e p o r t e d  f rom 
th is  l a b o r a t o r y  (6). 
c o n t r o l  for  a l l  o b s e r v a t i o n s  i n  t h e  p re sen t  s tudy.  I n  t h e s e  t e s t s ,  e a c h  sub jec t  
was k e p t  i n  b e d  under  c o n d i t i o n s  s i m i l a r  t o  a c o n v e n t i o n a l  b a s a I  m e t a b o l i c  r l t e  
d e t e r m i n a t i o n ,  b u t  h e  was se rved  b r e a k f a s t  and  lunch. Before b r e a k f a s t  a n d  a t  
h o u r l y  i n t e r v a l s  after b e g i n n i n g  b r e a k f a s t ,  e s t i m a t e s  of t h e  r a t e  of h e a t  pro-  
d u c t i o n  were  m a d e ,  on b o t h  i r r a d i a t e d  and c o n t r o l l e d  d ie t s .  A t  e a c h  hour, the  
v a l u e  of c a l o r i c  h e a t  p r o d u c t i o n  o b t a i n e d  in previous f a s t i n g  s t u d i e s  was s u b -  
t r r c t e d  f rom t h e  v a l u e s  f o u n d a f t e r  conrumpt ion  of t h e  t e s t  mea l s .  
f a r e n c e  r e p r e s e n t e d  t h e  e x t r a  c a l o r i c  p roduc t ion  due to  t h e  f e e d i n g .  Average  
cu rves  of t h e  h e a t  i nc remen t  of f e e d i n g  c o u l d  thus b e  o b t a i n e d  for  e a c h  of  t h e  t W @  
d i c r r r i e s ,  a n d  t h e  a r e a  u n d e r  t h e  curves r e p r e s e n t e d  t h e  c a l o r i e s  p r o d u c e d  during 
t h e  9 hours of o b s e r v a t i o n  ( F i g u r e  1). 

T h e  s u b j e c t s  were  m a i n t a i n e d  i n  a f a s t i n g  
On e a c h  of t h e s e  i n d i v i d u a l s  t h e  e x p i r e d  a i r  was 

T h e s e  va lues  of f a s t i n g  h e a t  p roduc t ion  t h e n  s e r v e d  k's a 

T h e  d i f -  

I 

S t a t i s t i c a l  Ana lyses .  -- 
S t a n d a r d  s t a t i s t i c a l  t e c h n i q u e s  were  used f o r  a s c e r t a i n i n g  t h e  p rec i s ion  

a n d  r e l i a b i l i t y  of t h e  d a t a .  Means,  s t a n d a r d  d e v i a t i o n s ,  a n d  s t a n d a r d  errors  
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#. Body Weigh t s  

T h e  o b s e r v a t i o n s  of body  we igh t s  in all t h r e e  s t u d i e s  ore d e t a i l e d  i n  
T h e  irtitial w e i g h t  r e p r e s e n t s  t h e  f i r s t  d a y  of t h e  f i r s t  b a l a n c e  Appendix  I. 

pe r iods  a n d  n o t  t h s  f i r s t  day  of t h e  p r e f e e d i n g  pe r iods .  T h e  latter p e r m i t t e d  
t h e  s u b f e c t s  t o  c o m e  i n t o  s o m e  d e g r e e  of e q u i l f b r i n m .  a n d  g a v e  a m o r e  gccuxa te  
i n d i c a t i o n  of the effect  upon  w e i g h t  of t h e  diet itself. T h e t e  was c o n s i d e r a b l e  

q u i r e m e n t s  in. t h e  face of a c o n s t a n t  colorAic i n t a k e .  
- vmki rb i l i t y  among t h e  s u b j e c t s ,  l a r g e l y  a fnn-criorl of t h a  d i f f e r i n g  c a l o r i c  r e -  

T h e  mean  we igh t  
; a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  b e t w e e n  the i r r&dia t ed  ,and c o n t r o l  d i e m  
i: .of t h e  t h r e e  s t u d i e s ,  e i t h e r .  i n d i v i d u a l l F  or p o o l e d  t o g e t h e r .  In t h e  f i r s t  m u  

s t u d i e s ,  i n  wh ich  t h e  m e t a b o l i z a b l e  e n e r g y  of t h e  i i r a d i a t e d  a n d  c a n t r o l  diet 
w*r e s r e n t i r l l y  t h e  s a m e ,  t h e r e  was a t e n d e n c y  for t h e  c o n t r o l  d ie t ,  p e r i o d  

hsve r l i g h t l g  grerocr w e i g h t  increas-es of t&€gtrrIy smalZer  w e i g h t  d e c r e a s e s .  

1 more metlboIlarbIs encrgy Calories thsna the orrntroL dBaq thio- pPtSem tmnded 
C l n  t L a  third! sfody, where t h e  L r J n d i a t e d  diet contained approximately 1 (I@ 

L t 5  be r eve r sed .  No b i o l o g i c  s i g n i f i c a n c e  CSJI b e * a t t r i b u t e d  t o  t h e s e  figunas.  
i:' 

Compos i t ion  of Food 'Ltqms a n d  D i e t s .  
T 
182 ' T h e  food a n a l y s e s  in s t u d y  Z5P35 Wera t h e  o n l y  ones in which cornpaxisons 

c o u l d  be made of t h s  compiot i r ionr  of i n d f v i d n a l  i r r a d i a t e d  food items- and t h e i r  . 
In t h e  15P50 s t u d y ,  s i n c e  t h e  irrrtdirtsd items were. no t  f r a m  rhs . s i rmt  

b a t o h s s  as t h 4  o o n t r o l  i t e m s ,  c o m p a r i s o n s  are no t  valid.. rn 15F80 analyses w e r e  
m a d e  o n I y  of d i e t  c o m p o s i t e s .  

t'controb. 

Of t h e  e l e v e n  i r r a d i a t e d  food i t e m s  s e r v e d  in t h e  fizst  s tudy ,  sFx showed 
s i g n i f i c a n t  d i f f e r e n c e s  in c a l o r i c  v a l u e s  b e t w e e n  t h e  i r r a d i a t e d  a n d  t h e  c o n t r o l  
foods. 
t f o n  on a mois t  basis a n d  a l s o  on a mois tu re - f r ee  basis .  T h r e e  of t h e  i r r a d i a t e d  

* foods - s t r a w b e r r i e s ,  g round  bee f  a n d  h a d d o c k  - w e r e  d e t e r m i n e d  t o  h a v e  g r e a t e r  

c o m p o s i t i o n  wzs c a l c u l a t e d  o n  a dry bgs is ,  t h e  d i f f e r e n c e  b e t w e e n  i r r a d i a t e d  a n d  
c a n t r o l  c a l o r i c  v a l a e  c e a s e d  t o  b e  s t a z i s t i c a l l y  s i g n i f i c a n t .  
moisture c o n t e n - t  was s u b s t a n t i a l l y  lower i n  t h e  i r r a d i a t e d  i t e m s .  
obse rved  i n  t h i s  l a b o r a t o r y  t h a t  i r r a d i i r t e d  foods a r e  o f t e n  s o f t e r  in t ex tuxe  
t h a n  t h e i r  c o n t r o l  i t e m s .  
t o  i r r a d i a t i o n .  
and t h e r e f o r e  on a mois t  basis  m i g h t  h a v e  P h i g h e r  c a l o r i c  valuk t h a n  t h e  c o n t r o l  
I t e m .  

T h e s e  s i x  foods a r e  l i s t e d  in Appendfx  I €  t o g e t h e r  w i th  t h e i r  c o m p o s i -  

' caloric gross e n e r g y  than t h e  c o n t r o l  s p e c i m e n s .  But, i n  a11 t h r e e  when t h e  4 

In t h e s e  foods t h e  
I t  has b e e n  

This  suggests  some  breakdown of c e l l  wa l l s  i n c i d e n t  
T h e s e  t h r e e  i r r a d i a t e d  food i t e m s  were  s o m e w h a t  d e h y d r a t e d  

T h e  caLoric c o n t e n t  of a f o u r t h  i r r a d i a t e d  i t e m ,  g r e e n  b e a n s ,  was o i g -  
n i f i c a n t l y  h i g h e r  t h a n  t h a t  of t h e  c o n t r o l  on a mois t  basis .  
t h e  i r r a d i a t e d  food was s i g n i f i c a n t l y  l o w e r  than  t h a t  of t h e  c o n t r a l .  
c u l a t e d  un t h e  d r y  bas is  t h e  s i g n i f i c a n c e  was r e d u c e d  b u t  not e l i m i n a t e d .  

T h e  m o i s t u t e  of 
R c c a l -  

In t h e  c o r e  af t h e  l a s t  two  i r r a d i a t e d  food i t e m s ,  powdered  m i l k  a z d  
ground ham, t h e  m o i s t u r e  c o n t e n t  was s imi la r  b e t w e e n  i r r a d i a t e d  a n d  c o n t r o l  

-6- 
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foods.  
free, b:a.sis a n d  on a mofs t .bas f s .  

#eeS.usa of t h e s e  di-ffered.cas.thk:d 
w e r e  m a i n t a i n e d  s e p a r a t e  i n  f u r t h e r  c a ' l c u l a t i o n s  of m e t a b o l i z a b l e  ene rgy ,  

T h e  i r r a d i a t e d  i t e m  however ,  hod Jess  c a l o r i c  v a l u e  b o t h  on a moistl tr  
Tbcse: ddfferqmFes, ~ h l l e  t t s t i s r i a + l y ~ s ~ i g  ' 

... are :+1at i v e l  y -s m a i t  JR 'magni tude 'a.rs,4f -donb;Lfuf bi.o19gie;BI, ,rfgli 
or c g n t r o l  .azd + i r r a d i a t e d  g i o s s  ene rk  

T h e  c o m p o s i t e s  of s t u d y  15F80, as s u m m a r i z e d  in Appendix  XI, t haw , ,  

s i m i l a r  f ind ings .  T h e  a n a l y s e s  show m o r e  n i t r o g e a ,  fat a n d  a h i g h e r  calwrfc' 
v r lue  i n  t h e  i r r a d i a t e d  food  m a t e r i a l .  
p o s i t e s  c o n s i s t e d  of washing all foods i n t o  t h e  c o n t a i n e r s ,  a c c u r a t e  moisrvra  
Ynr lys i r  of t h e  raw food was no t  possible .  

S i n c e  t h e  m e t h o d  of h a n d l i n g  t h e  corn-. 

This obscures  t h e  effect  d u e  to tu* 
l r t i v e  d a h y d r a t i o n  o f  t h e  i r r a d i a t e d  foodr  A: n w i c e d  w i t h  s t r a w b e r r i e s ,  ground. 
bee f  a n d  haddock .  On a dry brs ic  t h e  caloric c o n t e n t  of t h e  i r r a d i a t e d . f o b d ,  
c o m p o s i t e  was s t r t f s t i c r l l y  d i f f e r e n t  f r o m  t h a t  of  t h e  c o n t r o l .  T h i s  would  in.  
d i c r t e  t h a t  t h e  d i f f e r e n c e s  due t o  c h a n g e r  i n  m o i s t u r e  c o n t e n t  rt t h e  t i m e  of 
wc igh thg  a r e  n o t  d i f s c t l y  r e l a t e d  t o  t h e  p rocess  of f o r m u l d t i n g  t h e  compori tas .  
T h e  i r r a d i a t e d  d i e t  c o n t a i n e d  1 2 6  m o r s  grors ' ene rgy  C a l o r i e s  p e r  a v e r a g e  dpi ly  
i n t r k a  t h a n  d i d  t h a  c o n t r o l  d i e t ,  or rppraximrtelg 3% excerr c a l o r i e s .  

T h s  rverrgs  dr i ly  d i e t a r y  i n t r k e  for  a t u d y  1 8 3 9 6  i r  r u m m r r i z e d  in 
XI1 r a d  d e t a i l e d  i n  Append ix  IV, V ,  VI. . O r e r r  e n e r g i a r  o f  c o m p a r i t e r  of c04 
End i r r r d i r t e d  didtl8 were r v s r r g a d  w i t h  t h a  ~tfmr o b t k i a e d  by Adding t h e  grot 
energy for t h e  contr,oI d f e t  of 3368  Crlarier per: d r y  r n d  f o r  t h e  i r radiated di 
of 3378  C r l o r i e r  p e r  d r y .  Ai c r l c u l r t a d  f rom c h a m i c r l  r n r l y r e r ,  t h a  lrrrdl 
l t e m r  m a d s  up  36','7$ of  t h a  crloriar of t h e  i r r a d i a t e d  d i e t .  

Append ix  VII rummrrissr t h e  diatrry i n t a k e  of r t u d y  16P60 r n d  Appendi 
VIR, I X  a n d  X d e t a i l  t h e  food  i t e m  r a d  t h e i r  r n ~ l y r e r .  T h e  d a t r r m i n e d  groat 
energy of t h e  c o n t r o l  d i e t  i n  t h i r  r t u d y  w a r  8 1 8 6  Crlorier per  d r y ,  r a d  t h a t  u 
t h e  l r r r d l r t e d  d i r t  wra 8809 Calo r i e :  p a t  d a y ,  On c w e i g h t  b r r l r  t h e  i r r r d i r t r  
foodr c o n t r l n a d  r l i g h t l y  more c r lo r l e r  t h a n  d i d  t h e  c o n t r o l  food l t e m r .  O n  t h  
b r r i r  of c h e m i c a l  r n r l y r i r ,  6 1 . 1 %  of t h e  c r l o r i e r  of t h e  i r r a d i a t e d  d i e t  were 
r uppI l a  d b y  i r  r r d l r  t e d i t  e mr . 

T h e  c o m p o r i t i a n  of t b u  r v e r r g e  d r i l y  d i e t  of r t u d y  l l F 8 0  i a  r u m m a r l a r d  
in A p p e n d l x  X I  a n d  d e t r i l a d  i n  Append ica r  X U ,  XI11 a n d  X I V  wi th  r e i p e c t  t o  
t h e  raw wa lgh t  o f  m r t e r i a l  r s r v e d  a n d  t r b u l r r  c o m p o r i t l o n .  
p e r f o r m e d  o n l y  upon t h e  compori t r r . ,  1 n d i v l d u r I  food r n r l y r e r  are not  rvrilrblr 
for t h i r  r t udy .  
9809 C r l o r i e r  p e r  dry of groir e n e r g y  r n d  t h s  i r r a d i a t e d  d i e t  3734 Calorisr  
p e r  dry .  
81% of t h e  gross a n e r g y  of t h e  i r r a d i a t e d  d i s t .  

Binoe rnrlyrar wet0 

By d i r e c t  c a l o r i m e t r y ,  th$ cont ro l  d i e t  r u p p l i e d  an rver rga  of 

By t r b u l r r  c o m p o r i t i o n ,  i r r r d i r t a d  f o o d  i t s m r  m a d e  u p  rpprOXiInAtdIY 

C o m p o r i t i o n  of Feces .  

When f e c e s  g r e  expres sed  ou a p e r  g r a m  dry b a s i c ,  r e m a r k a b l e  un'ifolWY 
is f o u n d  i n  the c o m p o s i t i o n  for  a g i v e n  indivfdurr l  a n d  b e t w e e n  ind iv idua l s  
g i v e n  d i e t .  Moreove r ,  t h e  a v e r a g e  d a i l y  d r y  we'fght of f e c e s  r e m a i n s  relat 
u n i f o r m  f o r  a g i v e n  i n d i v i d u a l .  S u c h  a n a l y s e s  e x p r e s s e d  a n  a per g r a m  dry 
a r e  r eco rded  in Append ices  XV, XVI and XVII for t h e  t h r e e  s tudies .  T h e  arerag 
a r e  ru-mmarized in T a b l e  I. T h e  c o m p o s i t i o n  of f e c e s  b e t w e e n  c o n t r o l  a n d  
i r r a d i a t e d  d i e t a r i e s  is: s i m i l a r ;  however ,  in all t h r e e  s t u d i e s  t h e r e  was a greater 
d a i l y  d r y  w e i g h t  o f  f e c e s  passed a n  t h e  i r r a d i a t e d  por t ion  of t h e  s t u d y  t h a n  on 
t h e  c o n t r o l .  
r i g n i f i c a n t  when a l l  t h r e e  s t u d i e s  were  p o o l e d  toge thex .  

This  was s t a t i s t i c a l l y  s i g n i f i c a n t  for  t h e  f i r s t  s tudy .  and also 
I t  r e s u I t e d  in a greats 



i, .top41 . d a i l y  f f x c r e t i o n  of. f e c a l  n i t rogen ,  prafeir i  and  c a r b o h y d r a t e  bn t h e  i r r cedh ted  
+.- pbnion :of t h e  8tud. j ;  ' .Tkese, 8lffe . rences  !#e& s t a t i s t i c a l l y  . tiglrlfica _ .  . 

. . .  . . *~- ' idfo lmit fon i n ,  .pFI: three :studies war.p*ooied:. , . . .  
. -: , I \,. ' . -  . . . . ,  .. , .  . .  

gross 
T h i s  

I n  t h e  h t w a t e r  sys t em t h e  f e c a l  e n e r g y  m a y  b e  e s t i m a t e d  b y  app ly ing  t h e  
e n e r g y  v a l u e s  of t h e  foods i n  t h e  d i e t  t o  t h e  m a c r o n u t r i e n t s  of  t h e  f eces .  

hypo thes i s  has  been  t e s t e d  b y  app ly ing  t h e  a v e r a g e  f a c t o r s  6 . 6 6  a n 9  S . 4 0  
and  4 .16  t o  t h e  p ro te in .  f a t  and c a r b o h y d r a t e ,  r e s p e c t i v e l y .  of t h e  f e c e s ,  The  
c a l c u l a t e d  va lues  a r e  l i s t e d  a d j a c e n t  t o  t h e  obse rved  bomb v a l u e s  i n  t h e  t a b l e s .  
In a11 c a s e s  t h e  c a l c u l a t e d  va lues  a r e  lower  t h a n  t h e  obse rved  va lues .  I n  tbs  
f i r s t  s t u d y ,  where  a g r e e m e n t  is a x c e p t i o n z l l y  good,  t h e  v a l u e s  c h e c k e d  ,OD. rhc  
a v e r a g e  t o  w i t h i n  1 t o  270, and t h e  d f f f e r e n c e  is not s i g n i f i c a n t .  
a n c i e s  a r e  g r e a t e s t  i n  t h e  second  s t u d y  and  f r r t e rmed ia t e  Ln t h e  th i rd .  
f a c t  t h a t  t h e  obse rved  gross e n e r g i e s  of t h e  f e c e s  do n o t  d i f f e r  a p p r e c i a b l r  i n '  
any of t h e  t h r e e  s t u d i e s  sugges ts  t h a t  t h e  c o m p o s i t i o n  of t h e  feces rn&y be m o r e  
un i fo rm t h a n  t h e  ana lyses  i n d i c a t e .  I n c o m p l e t e  e x t r a c t i o n  of t h e  fa t - im alba 
lSP60 s t u d y  would  r e su l t  i n  low C a l c u l a t e d  gross e n e r g y  v a l u e s  f o r  t h e  fcccr. 
If t h i s  i s  t r u e ,  i t  i m p l i e s  t h a t  t h e  e s t i m a t e s  of f e c a l  f a r  are low.  e s p e c i a l l y  
on t h e  s e c o n d  s tudy .  Therefore .  t h e  c o e f f i c i e n t s  of a r r i l a b l I i t y  f o r  f a t  an t h i s  

T h e  d ' iscsep-  
The 

st.udy w i l l  b e  s o m e w h a t  h i g h e r  t h a n  normal .  : , 

/ I  1!!1 

C a 1 c u I a t i o n  of Ni t rogen ,  B a1 a n c  e. 
. . ,. 

Append ices  XVIIC, XIX a n d  X X  detail  t h e  obse rva t ions  of i n g e r r e d ' & t r o g e n .  
fecal n i t r o g e n .  u r i n a r y  n i t r o g e n  and the  c a l c u l a t e d  n i t r a g e n  b a l a n c e  en* o d k i l y  
baais .  Resul ts  for  e a c h  s t u d y  for  t h e  two t e s t  d i e t s  &re summc*rFzed in TolrXc EL. 
Bscause  of t h e  i n c r e a s e d  f e c a l  weight  on i r r a d i a t e d  d i e t a r i e s ,  t h e  facrl n i t rogen  
is s i g n i f i c a n t l y  h ighe r  i n  those  per iods  but  the d i f f e r e n c e s o r e  r a t h e r  minate . .  - T h e  
n i t r o g e n  b a l a n c e s  a r e  not  s i g n i f i c a n t l y  d i f f e r e n t  i n  i r r r d i a t a d  food  s t u d i e s  1SP36 
a n d  1SF60.  I n  the t h i r d  s t u d y  15F80 ,  t h e r e  i s  s u b s t a n t i a l l y  more n i t r o g e n  s to rage  
wi th  t h e  i r r a d f a t e d  d i e t  t h a n  with  t h e  c o n t t o l .  Th i s  is due i n  part .  t o  two fac tor r :  
f i r s t ,  t h e  a l i g h t  e x c e s s  of d i e t a r y  n i t roged  on t h e  i r r a d i a t e d  m e n u ,  pe rhaps  as a 
c o n s e q u e n c e  of t h e  d e h y d r a t i o n  e f f e c t  p rev fous ly  n o t e d  a n d  s e c o n d ,  t h e  d e c r e a s e d  
urinary n i t r o g e n  e x c r e t i o n  when i r r a d i a t e d  food was fed .  Whe the r  t h i s  r e f l e c t s  
s t o r a g e  c a p a c i t y  of i r r a d f a t e d  p r o t e i n  is nor  a s c e r t a i n a b l e  a t  t h i s  t i m e . ,  I R  the 
t h i r d  i r r a d i a t e d  food s t u d y  t h e  more  p o s i t i v e  n i t rogen  b a l a n c e ,  ' due  t o  dec reased  
u r i n a r y  n i t r o g e n  exc re t ion .  was p robab ly  c a u s e d  b y  g r e a t e r  a n d  unmeasured  n i t r o -  
g e n  losses  i n  t h e  swea t  B S  B r e su I t  of i n c r e a j e d  c o n t r o l l e d  e x e r c i s e .  

C o e f f i c i e n t s  of A v a i l a b i l  i t  y or Apparent  D i g e s t i b i l i t y .  

Append ices  XVIII ,  XIX a n d  X X  a l so  d e t a i l  t h e  obse rva t ions  on i n g e s t e d ,  
f e c a I  and abso rbed  p r o t e i n ,  f a t  and  c a r b o h y d r a t e  and  t h e  c a l c u l a t e d  c o e f f i c i e n t s  
of d i g e s t i b i l i t y .  
e x a c t l y  t h e  s a m e  ort t h e  i r r a d i a t e d  d i e t  as on t h e  c o n t r o l  and avera.ge e i t h e r  
0 .90 or 0.91. 
i n  t h e  i r r a d i a t e d  p o r t i o n  of t h e  t h i r d  i r r a d i a t e d  s t u d y  (16F80). T h i s  m e r e l y  
r e f l e c t s  t h e  fact t h a t  t h e r e  w e r e  a p p r o x i m a t e l y  5 more g r a m s  of p r o t e i n  i n g e s t e d  
p e r  d a y ,  W i t h  r e s p e c t  t o  f a t ,  t h e r e  were no s i g n i f i c a n t  d i f f e r e n c e s  i n  fecal 
e x c r e t i o n  or i n  Coef f i c i en t s  of a v a i l a b i l i t y .  In  a l l  c a s e s  t h e s e  a v e r a g e d  0 . 9 6  
or 0 . 9 7 .  T h e  c o e f f i c i e n t s  of a v a i l a b i l i t y  of c a r b o h y d r a t e .  were  s i g n i f i c a n t l y  
d i f f e r e n t  o n l y  i n  t h e  c a s e  of t h e  second  i r r a d i a t e d  food  s tudy ,  a n d  r e f l e c t  t h e  
increase  i n  t h e  c a l c u l a t e d  c a r b o h y d r a t e {  c o m p o s i t i o n  of t h e  f e c e s .  
c a s e s ,  t h e  obse rved  a v e r a g e  c o e f f i c i e n t s  of a v a i l a b i l i t y  va ry  w i t h i n  t h e  r e l a t i v e l y  
r m a l l  r a n g e  of 0 . 9 5  t o  0 .97.  
n u t r i e n t s  is e s s e n t i a l l y  t h e  s a m e  on the  c o n t r o l  and i r r a d i a t e d  d i e t s ,  desp i t e  a 

W i t h  r e s p e c t  t o  p ro te in  t h e  c o e f f i c i e n t s  of a v a i l a b i l i t y  are 

T h e r e  i s  a s i g n i f i c a n t l y  g r e a t e r  e s t i m a t e  of t h e  abso rbed  p r o t e i n  

In all 

T h e  a p p a r e n t  d i g e s t i b i l i t y  of t h e  t h r e e  macro -  

- 7 -  



t e n d e n c y  toward  g r e a t e r  f e c a l  we igh t s  when i r r a d i a t e d  food is fed.  .T 
IV. a n d  V s u m m a r i z e  t h e  a v e r a g e s  of t h e s e  obseruat. ions;  1- *- . . . . .  * L  . . 

C a l c u l a t i o n  of M e t a b o l l z a b l e  Enerdv, . 

. .  . . .  . . . . . . .  . .  . e .  . 
'. 1 . 1  .. 8 .. I ,  .. . .' 

. -  . .  .... 
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Append ices  X X I ,  XXII and  XXIII d e t a i l  f o r  e a c h  man f o r  e v e r y  s tudy  t h e  
gross  e n e r g y  o f  food  c o n s u m e d ,  t h e  measu red  f e c a l  a n d  ur inary  e n e r g i e s ,  t h e  
e s t i m a t e  o f  e n e r g y  r e t a ined  due  t o  n i t rogen  i m b a l a n c e .  and t h e  f i n a l  c a l c u l a t i o n  
o f  m e t a b o l i z a b l e  e n e r g y .  t h e r e  was a t e n d e n c y  f o r  t h e  gross 
e n e r g y  of t h e  i r r a d i a t e d  food  t o  e x c e e d  t h a t  of t h e  c o n t r o l  food .  
of t h e  f e c e s  t e n d e d  t o  b e  h i g h e r  on t h e  i r r a d i a t e d  d i e t  t h a n  on t h e  c o n t r o l  d i e t .  
T h e s e  two t e n d e n c i e s  p a r t i a l l y  c a n c e l l e d  e a c h  othek i n  t h e  f i r s t  two  s tudies :  
e s s e n t i a l l y  t h e  s a m e  m e t a b o l i z a b l e  e n e r g i e s  e m e r g e d  f o r  both c o n t r o l  a n d  
i r r a d i a t e d  food .  I n  t h e  t h i r d  s t u d y ,  however ,  t h e  d i f f e r e n c e  i n  gross  e n e r g y  
b e t w e e n  t h e  i r r a d i a t e d  a n d  c o n t r o l  menus was s u f f i c i e n t  t o  p roduce  a s i g n i f i c a n t l y  
h i g h e r  m e t a b o l i z a b l e  e n e r g y  o f  t h e  i r r a d i a t e d  foods by  1 0 0  C a l o r i e s  pe r  day .  
T h e  a v e r a g e s  for  t h e s e  s t u d i e s  a r e  s u m m a r i z e d  in  T a b l e  VI. 

For e a c h  s tudy  
T h e  gross energy  

T 

T a b l e  VI1 r u m m a r i a e s  (1) t h e  bomb c a l o r i m e t r y  d e t e r m l n e d  grot: energy '  

' 

' 

a n d  m e t a b o l i z a b l e  e n e r g y  v a l u e s  f o r  t h e  va r ious  d i e t s  i n  t h e  t h r e e  s tud les .  
(2) cor re spond ing  V O I U C 8  t a k e n  f r o m  t h e  tab les ,  a n d  (3) value:  c o m p u t e d  by 
a p p l y i n g  A t w a t e r  g e n e r a l  a n d  s p e c i f i c  f r c t o r s  t o  t h e  c h e m i c a l l y  d e t e r m i n e d  
grams of t h e  t h r e e  m a c r o n u t r i e n t s .  

I n  t h e s e  s t u d i e s  t h e  t a b u l a r  v a l u e s  t e n d  t o  o v e r - e s t i m a t e  b o t h  t h e  gros: 
e n e r g y  a n d  t h e  m e t a b o l i z a b l e ' e n e r g y  of a g i v e n  d i e t .  I n  t h e  t h i r d  s t u d y  t h e  
t a b u l a r  va lue r  c o n i n c i d e  q u i t e  c l o s e l y  wi th  those  o b t a i n e d  b y  d i r e c t  a n a l y s e s  
of compos i t e s .  
t h e  c h e m i c a l  a n a l y s e s  r e su l t  i n  o v e r - e s t i m a t i o n  of b o t h  gross e n e r g y  a n d  m e t a -  
b o l i z a b l e  ene rgy .  Thi :  i s  a l s o  t r u e  t o  a l e s se r  e x t e n t  when t h e  p r e f e r r e d  rpe- 
c i f i c  f a c t o r s  d e r i v e d  f r o m  t h e  A t w a t e r  s y s t e m  a r e  a p p l i e d .  

In a l l  t h r e e  c a s e s ,  a p p l i c a t i o n  of Atwater ' :  g e n e r a l  f a c t o r s  t o  

When t h e  m e t a b o l i z a b l e  e n e r g y  1 8  d i v i d e d  by t h e  grors e n q r g y ,  a ra t io  . r $  
, = y  

i: o b t a i n e d  i n d i c a t i v e  of t h e  p ropor t ion  of u se fu l  food  ene rgy .  
food8 give.. r a t i o s  e s s e n t i a l l y  r f m i l a r  t o  t h o r e  f o r  t h e  c o n t r o l  menus.  

Compar i son  of Es t imate :  of M e t a b o l i z a b l e  E n e x z  

T h e  irradiated 

- 

T h e  H e a t  I n c r e m e n t  of FeedLnA. 4 

T h e  h o u r l y  r a t e s  of excess  h e a t  p roduc t ion  a s s o c l a t e d  w i t h  f e e d i n g  of 
t h e  c o n t r o l  a n d  i r r a d i a t e d  d i e t s  of s tudy  16F36 a r e  p r e s e n t e d  as a v e r a g e s  f o r  
t h e  e n t i r e  g roup  of e i g h t  men  i n  T a b l e  VIS1 t o g e t h e r  w i t h  t h e  standerrd errort 
of t : t ima ta  of e a c h  h o u r l y  ra te .  F igu re  1 repe r sen tc  t h e  s a m e  d a t a  g r a p h f c d l y .  
T h e  h e a t  a s s o c i a t e d  wi th  b r e a k f a s t  a n d  t h a t  w i th  l u n c h  a re  r e f l e c t e d  i n  t h e  
c u r v e  a: two  m a j o r  i n f l e c t i o n s .  A t  t h e  t i m e  l u n c h  is consumed ,  t h e  c u r v e  does 
n o t  c o m e  down t o  z e r o  p o i n t  o r  base  l i n e  i n d i c a t i n g  t h a t  t h e  s p e c i f i c  d y n a m i c  
a c t i o n  (SDA) i s  s t i l l  effective. S i m i l a r l y ,  t h e  c u r v e  is above  t h e  f a r t i n g  l eve l  
6 hcrur: a f t e r  t h e  b e g i n n i n g  of l u n c h  a n d  p r e s u m a b l y  w i l l  c o n t i n u e  f o r  a n o t h e r  
f i v e  or r i x  hours  b e f o r e  i t  r e a c h e s  t h i s  b a s e l i n e .  T h e  g r a p h  i n d i c a t e s  t h a t  t h a  

-- 

. ' S  

3 

I 'I' 

.+ 
' I  
' :r 
;$ 

h e a t  i n c r e m e n t  i s  l o w e r  With i r r a d i a t e d  d i e t  f e e d i n g s  t h a n  with the,  c o n t r o l  menus. c X  
No conc lus ions  m a y  be  drawn f rom th is  d i f f e r e n c e  a t  p re sen t  due  t o  t h e  w i d e  
v a r i a t i o n  a m o n g  s u b j e c t s .  T a b l e  VI11 r ep resen t s  t h e  gross e n e r g y  of b r e a k f a s t  

- 8 -  



. u $ : I u n c h  of d i e t  3 fo; t h e . t w o  *est diezs. comrol a a d  i r r a d i a t e d .  The"-observed 
area upd.er .fit cwve; amounting:to fsg. CBIo.ri.es 
'Co1v.rfes f o r  'he, ir;radI-ited .., . . *dQ%, -geprassnts a a n i  
w i l l  c o n t f n u e  t o  b e  e1evate.d"abovk. fars'ti$g 5ondi5 
t h e  c o n t r o l  d i e t ,  t h e  138 C a l o r i e s  r e p r e s e h t  5'.4% of  t h e  gross e n e r g y  ir t h e  t w o  
meal s .  a n d  for t h e  i r r a d i a t e d  d i e t ,  t h e  1 0 6  C a l o r i e s  r e p r e s e n t  6.7% of t h e  gross 
e n e r g y  i n  t h e  two m e a l s .  F u r t h e r .  i f  one  a s sumes  t h a t  t h e  m a t a b o l i z a . b l e  e n e r g y  
in t h e s e  two  m e a l s  is e s s e n t i a l l y  t h e  same as t h e  r a t i o  of t h e  m e t a b o l i z a b l e  e n e r g y  
t o  t h e  gross e n e r g y  of t h e  e n t i r e  t h r e e  d i e t s ,  a n d  t h a t  a p p r o x i m a t e l y  9070 of t h e  
gross e n e r g y  is a v a i l a b l e  as m e t a b o l i z a b l e  e n e r g y  , one  may t h e n  e s t i m a t e  t h e  
f r a c t i o n  o f  t h e  m e t a b o l i z a b l e  e n e r g y  e x p e n d e d  8s h e a t  i n c r e m e n t  of f e e d i n g .  
f r a c t i o n  is c a l c u l a t e d  t o  b e  8.110 of t h e  m e t a b o l i z a b l e  e n e r g y  for  t h e  c o n t r o l  d i e t  
a n d  6.3% of t h e  m e t a b o l t z a b l e  energy '  for  t h e  i r r r d i a x a d  d i e t .  
t h e  f i g u r e s  a r e  m i n i m u m  v a l u e s .  
of t h e  m e t h o d  no obse rva t ions  w e r e  m a d e  of the h e a t  i n c r e m e n t  of f e e d i u g  i n  t h e  
subsequed t  two s t u d i e s .  

T h i s  

As i n d i c a t e d  a b o v e ,  
Because  of t h e  u n c e r t a n t i e s  and  v a r i a b i l f t f e s  

DISCUSSION -- 
No m e a n i n g f u l  OL b i o l o g i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  t h e  i r r a d i a t e d  

and c o n t r o l  d i e t s  f e d  f o r  t h e s e  r e l a t i y e l y  s h o r t  pe r iods  h a v e  b e e n  d e m o n t t r a r e d .  
T h e  f r a c t i o n  of t h e  f o o d  e n e r g y  a v a i l a b l e  as m e t a b o l i z a b l e  e u e r g y ,  t h e  heat 
i n c r e m e n t  of f e e d i n g ,  a n d  t h e  c o e f f i c i e n t s  of a p p a r e n t  d i g e s t i b i I i t y  or avail- 
a b i l i t y  a r e  e s s e n t i a l l y  s i m i l a r ,  w h e t h e r  m e a s u r e d  i n  t k e  i r r a d i a t e d  p o r t i o n  of 
t h e  s t u d i e s  or in t k e  c o n t r o l  p h v s e .  

E s s e n t i a l l y  a l l  of t h e  d i f f e r e n c e s  w h i c h  d i d  b e c o m e  s t a t i s t i c a l l y  s i g n i f i c a n t  
were  of a f a t h e r  s m a l l  o r d e r  of m a g a i t u d e .  
and bomb c a l o r i e  c o n t e n t  of f t r a d i r r t e d  foods c o m p a r e d  t o  c o n t r o l  i t e m s  r e q u i r e  
f u r t h e r  v e r i f i c a t i o n .  S e v e r a l  of t h e  foods d i d  a p p e a r  t o  b e  somewha t  d e h y d r a t e d  
and t h e r e  was a t e n d e d c y  f o r  g r e a t e r  f e c a l  dry w e i g h t  a n d  h i g h e r  c a l o r i e  c o n t e n t  
on i r r a d i a t e d  s t u d y  pe r iods .  T h i s  sugges t s  t h a t  t h e r e  m a y  be  i m p o r t a n t  e f f e c t s  of 
i r r a d i a t i o n  a t  3 m i l l i o n  r e p ,  pe rhaps  r e s u l t i n g  in t h e  loss of e s s e n t i a l  f l u i d s  of 
t h e  foodstuffs  a n d  in a s l i g h t  d e c r e a s e  i n  d i g e s t i b i l i t y .  
s t ressed t h a t ,  w h i l e  t h e  d i f f e r e n c e s  were  s t a t i s t i c a l l y  s i g n i f i c a n t ,  t h e y  a r e  of 
such a m a g n i t u d e  t h a t  one c a n n o t  c o n c l u d e  t h a t  i r r a d i a t e d  foods were i n d i g e s -  
t i b l e  i n  a n y  b i o l o g i c a l  s ense .  T h e  c h a n g e s  of food  t e x t u r e ,  losses of v i t a m i n  
c o n t e n t ,  and o t h e r  c h a n g e s  i n c i d e n t  t o  h e a t  t r e a t p e n t  o r  cook ing  of food  p rob-  
a b l y  e x c e e d  t h e  c h a n g e s  which  h a v e  b e e n  n o t e d  h e r e i n .  T o  assess p r o p e r l y  t h e  
whole c o m p l e x  p r o b l e m  of n u t r i t i o n a l  who lesomeness  of such foods w i l l  r e q u i r e  
p ro longed  f eed ing  and  c a r e f u l  m e d i c a l  o b s e r v z t i o n  as  w e l l  as c h e m i c a l  anglyses 
of t h e  h i g h e s t  d e g r e e  of r e f i n e m e n t .  

T h e  d i f f e r e n c e s  in' rbe c h e m i c a l  

However ,  i r  must b e  

I t  was a g a i n  obse rved  i n  t h e s e  s t u d i e s  t h a t  t h e  a p p l i c a t i o n  of e i t h e r  A twa te r ' s  
g e n e r a l  f a c t o r s  or  s p e c i f i c  f a c t o r s  to t h e  c h e m i c a l  a n a l y s e s  t e n d e d  t o  o v e r -  
e s t i m a t e  t h e  gross e n e r g y  o f  t h e  food.  
c o m p o s i t i o n  were t h e  most g rev ious  o f f ende r s .  O c c a s i o n a l l y ,  t h e s e  discre 'p- 
a n c i e s  b e t w e e n  the t a b u l a r  a n d  d i r e c t l y  o b s e r v e d  m e t a b o l i z a b l e  e n e r g y  v a l u e s  
a p p r o a c h  10%. 
i n s i g n i f i c a n t .  T h e  p o s s i b i l i t y  t h a t  our me thods  of bomb c a l o r i m e t r y  are sy's- 
t e m a t i c a l l y  g i v i n g  l o w  v a l u e s  i s  pe rhaps  r e j e c t e d  by  t h e  o b s e r v a t i o n  t h a t  t h e  
r eve r se  is obse rved  i n  t h e  c a s e  of fecal c o l l e c t i o n s  a n d  ana lys i s .  H e r e ,  t h e  
bomb va lues  g e n e r a l l y  e x c e e d  t h e  c a l c u l a t e d  v a l u e s .  
c o n s i s t e n t  o b s e r v a t i o n  is a v a i l a b l e  a t  t h i s  t i m e .  
c l i n i c a l  i m p o r t a n c e .  I n  t i m e s  of n a t i o n a 1  d i s a s t e r ,  however ,  when food  

G e n e r a l l y ,  t h e  t a b u l a r  e s t i m a t e s  o f  t h e  

G e n e r a l l y ,  they '  a r e  much  more  c o n s e r v a t i v e  a n d  a r e  re la t ively 

N o  answer t o  t h i s  f a i r l y  
I t s  s i g n i f i c a n c e  is n o t  of 
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The  data r e p o r t e d  he& d o  n o i  gi? 
bol izable  e n e r g y  of  foods s t e r i l i z e d  by i o  
nutr i t ive  value. Based on these  f i r s t  t h r e e  s tud ies  further i n v e s t i g a t i o n  is t 
use o f  t h e s e  irradiated foods for human f e e d i n g  i s  f d l y  jus t i f i ed .  A X  
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