
^ ' R A Y  a n a l y s i s  o f  
I N H I B I T O R .

B E E F  S A U S A G E  A N D  C H I C K E N  P A T T I E S  M A N U F A C T U R E D  W I T H  O R  W I T H O U T  P R O T E A S E

M *
•A - A B D  A L L A H * :  F E R I A L  M .  A B U  S A L E M * * :  N E V E R T Y  F .  G A M A L *  a n d  N A H E D  M .  A B D  E L M A G U I D * *

* *  J i n , s t l M S  U n i v e r s i t y ,  F a c .  o f  A g r i c . ,  F o o d  S c i .  D e p t . ;  S h o u b r a  E l  K h e m a ,  C a i r o ,  E g y p t .  
N a t i o n a l  R e s e a r c h  C e n t r e ,  F o o d  T e c h n o l o g y  a n d  D a i r y  D e p a r t m e n t ,  D o k k i ,  C a i r o ,  E g y p t .

C r  P r o t e a s e  i n h i b i t o r  t h a t  i s o l a t e d  f r o m  p o t a t o  t u b e r s  ( a l p h a - v a r i e t y )  w a s  u s e d  i n  i t s
t h  f o r m  •'•n  t 5 l e  P r o c e s s i n g  o f  b e e f  s a u s a g e  a n d  c h i c k e n  p a t t i e s .  T h e  p r o c e s s e d  s a m p l e s  

c o n t a i n e d  0 ,  1 ,  2 ,  3 %  o f  p r o t e a s e  i n h i b i t o r  w e r e  s t o r e d  a t  4  C  f o r  t w o  w e e k s  t h r o u g h  
t  Cil X - r a y  a n a l y s i s  w a s  c o n s i d e r e d .  E x p e r i m e n t a l  a n a l y s i s  i n d i c a t e d  t h a t  t h e  i n v e s t i g a -  
^ ^ ^ P l e s  c o n t a i n i n g  t h e  p r o t e a s e  i n h i b i t o r s  s h o w e d  a  b e t t e r  c o n f i g u r a t i o n  a n d  h i g h e r  r e -  
b e 11̂ 1011 t *l e  r e s p o n s e d  e l e m e n t s  ( 3 1  e l e m e n t s )  w h i c h  c o r r e l a t e d  w i t h  t h e  s t r u c t u r e  o f  b o t h  

e f  s a u s a g e  a n d  c h i c k e n  p a t t i e s .

ĤTROductioN:
T o d a y ,  m a n y  a r e a s  o f  X - r a y s  a n a l y s i s  h a v e  b e e n  d e v e l o p e d  s u c h  a s  X - r a y  a b s o r p t i o n ,  

X  r a c t i o n ,  f l u o r e s c e n c e ,  e m i s s i o n ,  a b s o r p t i o n  e d g e ,  l o w  a n g l e  s c a t t e r i n g ,  K - c a p t u r e , s o f t  
f l u a y s .  a n d  m o s t  r e c e n t l y ,  t h e  e l e c t r o n  p r o b e .  I n  d i r e c t  q u a n t i t a t i v e  a n a l y s i s ,  X - r a y  
U a, ° r e s c e n c e  i s  n o w  t h e  m o s t  i m p o r t a n t  t e c h n i q u e  w i t h  X - r a y  a b s o r p t i o n  w h i c h  i s  q u i t e  v a l -  

e  i n  m a n y  c a s e s ,  ( P o m e r a n z  a n d  M e l o a n  1 9 7 1 ) .  O n  t h e  o t h e r  h a n d ,  t h e  X - r a y  p o w d e r  
i d s  ° ? r a P * 1 o f  a  s u b s t a n c e  i s  a l s o  a  v a l u a b l e  c h a r a c t e r i s t i c  p r o p e r t y  w h i c h  c a n  b e  u s e d  f o r  

n t i f i c a t i o n ,  p a r t i c u l a r l y  f o r  s o l i d s  w h i c h  g i v e  n o  u s e f u l  v i b r a t i o n a l  s p e c t r a .

t-e a  P o t a t o e s  a r e  a m o n g  s e v e r a l  m a j o r  c r o p s  w h i c h  c o n t a i n  h i g h e r  c o n c e n t r a t i o n s  o f  p r o -  
t ^ e S e  i n h i b i t o r s ;  S a n t a r i u s  a n d  B e l i t z  ( 1 9 7 8 ) .  T h e s e  a r e  p r o t e i n s  t h a t  i n h i b i t o r  p r e v e n t  
t a s  a Q t i v i t i e s  o f  t h e  p a n c r e a t i c  d i g e s t i v e  p r o t e a s e  i n c l u d i n g  t r y p s i n ,  c h y m o t r y p s i n ,  e l a s 
t i c ®  a n d  c a r b o x y p e p t i d a s e  A  a n d  B  ( R y a n  &  H a s s ,  1 9 8 1 ) .  P o t a t o e s  a r e  a l m o s t  u n i q u e  i n  t h a t  
^  y  a l s o  c o n t a i n  c a r b o x y p e p t i d a s e  i n h i b i t o r ;  p r e v i o u s l y  i s o l a t e d  o n l y  i n  t o m a t o e s  ( H a s s  e t  
1 9 ^ 1 . i 9 7 9 ) ;  i n  a d d i t i o n  t h e y  a r e  a  r i c h  s o u r c e  o f  p l a s m a  k a l l i k r e i n  i n h i b i t o r s ( R i c h a r d s o n ,  
( L s  '  E n t e r o x k i n a s e - i n h i b i t i n g  a c t i v i t y  w a s  a l s o  f o u n d  i n  t u b e r s  o f  t w o  p o t a t o  c u l t i v a r s  

u  e t  a l . , 1 9 8 0 ) .

i n  I t  w a s  a i m e d  t h r o u g h  s u c h  r e s e a r c h  t o  u s e  t h e  c r u d e  p r o t e a s e  i n h i b i t o r  ( 1 , 2  a n d  3 % )
e jc t P r o c e s s i n g  o f  b e e f  s a u s a g e  a n d  c h i c k e n  p a t t i e s .  S u c h  t r e n d  w a s  c o n s i d e r e d  t o  s e e  t o  w h a t  
e a s e n t  t h e  p r o t e a s e  i n h i b i t o r  t h a t  i s o l a t e d  f r o m  p o t a t o  c o u l d  c o n t r o l  t h e  a c t i v i t y  o f  p r o t 
o n ®  e n z y m e s  d u r i n g  s t o r a g e  o f  t h e  a f o r e m e n t i o n e d  p r o d u c t s  f o r  t w o  w e e k s  a t  4 ° C .  I n  s u c h  

e * X - r a y  a n a l y s i s  o f  t h e  a f o r m e n t i o n e d  s a m p l e s  w a s  c o m p a r e d .

i i a t e r i a l s :
B e e f  m e a t ,  s p i c e s  a n d - c h i c k e n  s a m p l e s ;

~  B e e f  m e a t  a n d  s p i c e s  w e r e  o b t a i n e d  f r o m  
i q a  . e d  t o  t h e  M i n i s t r y  o f  s u p p l i e s ,  E g y p t .  T h e

y in g re d ie n ts .

" R A M A D A "  r e f r i g e r a t o r  o f  t h e " G E R C O " C o m p a n y ; 
s p i c e s  m i x t u r e  a r e  c o m p o s e d  o f  t h e  f o l l o w -

I n q r e d i e n t s  
B l a c k  p e p p e r  
v i t a m i n  C  
C a r d a m o m  
c o r i a n d e r

W e i q h t / q m
20
20
10
20

I n g r e d i e n t s  
R e d  p e p p e r  
N u t  m e g  
C u b e b  ( p o w d e r )  
T O T A L

W e i g h t / o m
10
10
10

100

SoU r c ~  " E L  S H A R K  E L  A W S A T "  C o m p a n y  t h a t  l o c a t e d  i n  " K A L Y O B I A H "  g o v e r n o r a t e  ( E G Y P T )  i s  t h e
I l O o  6  o f  f r o z e n  c h i c k e n  s a m p l e s ;  w i t h  a n  i n d i v i d u a l  w e i g h t  t h a t  r a n g e d  b e t w e e n  8 5 0  u p  t o  

g m .  ^

** DP o t a t o  t u b e r s  ( a l p h a  v a r i e t y ) ;
i s  1 h e  H o r t i c u l t u r e  D e p a r t . i i e n t , A g r i c u l t u r a l  R e s e a r c h  C e n t r e ,  M i n i s t r y  o f  A g r i c u l t u r e
t e a s „ e . s ° U r c e  o f  p o t a t o  t u b e r s  ( a l p h a  v a r i e t y )  t h a t  u s e d  a s  a  s o u r c e  o f  e x t r a c t i o n  o f  p r o 

i n h i b i t o r .

~ ^ £ j i n o i o q i c a ]_ M e t h o d s :

( 1 9 7 ^  E x t r a c t i o n  o f  p r o t e a s e  i n h i b i t o r  w a s  p e r f o r m e d  a s  d e s c r i b e d  b y  B e l i t z  e t  a l . ,
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T h e  f o r m u l a  o f  b e e f  a s a u s a g e  a n d  c h i c k e n  p a t t i e s  w e r e  b a s e d  o n  u s i n g  t h e  p r e v i ° uS 
m e a t  s o u r c e s  w h i c h  w e r e  g r i n d e d  b y  a n  e l e c t r i c a l  m e a t  m i n c e r  a n d  r e m i x e d  w i t h  s p i c e s  a n d  
s t a r c h  i n  p r e p a r i n g  o f  t h e  c o n t r o l  s a m p l e  ( F r e e  o f  p r o t e a s e  i n h i b i t o r ;  P . I . ) . O n  t h e  o t h e  ̂
h a n d , o t h e r  s a m p l e s  w e r e  m a n u f a c t u r e d  i n  t h e  p r e s e n c e  o f  t h e  c r u d e  P . I .  t o  r e a c h  t h e  l e v e l  
o f  1 ,  2  a n d  3 %  o f  t h e  r e c i p e  f o r m u l a  a s  f o l l o w s :

* * Manufacturing of beef sausage and chicken patties:
>

I n q r e d i e n t s C o n t r o l L e v e l s  o f p r o t e a s e
( F r e e  o f  P . I ) i n h i b i t o r ( P . I )  i n

t h e  t e s t e d s a m p l e s
1 %  2% 3%

M e a t  ( B e e f  o r  c h i c k e n ) 9 0 9 0  9 0 9 0
S p i c e s 1 1  1 1
P r o t e a s e  i n h i b i t o r 0 1  2 3
S t a r c h 3 2 1 0
W a t e r 6 6  6 6

W i t h  r e s p e c t  t o  t h e  b e e f  s a u s a g e  s a m p l e s ,  t h e y  w e r e  p r e p a r e d  b y  s t u f f i n g  t h e  r e s '  
p o n s e d  m i x t u r e  i n  a  n a t u r a l  c a s i n g s  ( s m a l l  i n t e s t i n e )  a f t e r  w h i c h  t h e y  w e r e  k e p t  i n  a  
f r i g e r a t o r  a t  4 ' WC  f o r  1 5  d a y s .  T h e  c h i c k e n  p a t t i e s  w e r e  p r e p a r e d  b y  u s i n g  t h e  p r e v i o uS  ̂ 1 
f o r m u l a  a f t e r  s h a p p i n g  i n  p a t t i e s  f o r m s  a n d  t h e  p r o d u c e d  s a m p l e s  w e r e  w r a p p e d  i n  a  p a r C jT  
e m e n t  p a p e r  a n d  k e p t  a t  4 c C  f o r  1 5  d a y s .  B e f o r e  a n a l y s i s ,  b o t h  o f  t h e  b e e f  s a u s a g e  and  
c h i c k e n  p a t t i e s  s a m p l e s  w e r e  d r i e d  a t  6 0 ° C  o v e r n i g h t .  |  1

C .  A n a l y t i c a l  m e t h o d : i
X - r a y  f l u o r e s c e n c e  o f  t h e  s a m p l e s  w a s  f i g u r e d  u s i n g  t h e  X - r a y  a p p a r a t u s  M o d e l  __ ]

8 4 2 0 0 / 1 0  p r o d u c e d  b y  t h e  A p p l i e d  R e s e a r c h  L a b o r a t o r y ,  S w i t z e r l a n d .  E x p e r i m e n t s  w e r e  c a f r '  < 
i e d  o u t  a t  t h e  c h e m i c a l  d e p a r t m e n t  o f  t h e  X - r a y  f l u o r e s c e n c e  l a b o r a t o r y  o f  t h e  E g y p t i 011  ̂
O r g a n i z a t i o n  f o r  S t a n d a r d i z a t i o n  a n d  Q u a l i t y  C o n t r o l ,  M i n i s t r y  o f  I n d u s t r y .  S a m p l e s  w e r e  ! 
h e l d  i n  t h e  u s u a l  a p p a r a t u s  h o l d e r  a n d  t h e  s o u r c e  o f  t h e  X - r a y  b e a n  w a s  " C u - K "  w i t h  a  <
w a v e  l e n g t h  o f  1 . 5 4 0 5  ° A .  H o w e v e r ,  a n g l e s  w e r e  m e a s u r e d  f r o m  z e r o  t o  9 0  u s i n g  l i t h i u 1’1 1 
2 0 0 0  c r y s t a l  a n d  f r o m  4 5  t o  1 5 0  u s i n g  F O P E T  c r y s t a l .  T h e  r e s p o n s e d  e l e m e n t s  o f  t h e  P ® r '  |  1 
i o d i c a l  t a b l e  w a s  c o m p u t e d  i n  " K  c o u n t / S e c o n d "  a s  w e l l  a s  t h e i r  r e l a t i v e  i n t e n s i t i e s  
w i t h i n  t h e  a f o r e m e n t i o n e d  a n g l e s .  T h e  m e t h o d  h o w e v e r  h a d  b e e n  m e n t i o n e d  i n  d e t a i l s  hV  
N i s h i u c h i  a n d  T a k a h a s h i  ( 1 9 6 6 ) .

R E S U L T S  A N D  D I S C U S S I O N : t

T h e  X - r a y  i n t e n s i t i e s  o f  t h e  i n v e s t i g a t e d  s a m p l e s  g i v e n  i n  T a b l e s  ( 1  a n d  2 ) a n d  ^  
r e l a t i v e  d i s t r i b u t i o n  a r e a  %  o f  t h e  3 1  e l e m e n t s  w e r e  u s e d  t o  c o m p a r e  b e t w e e n  t h e  b e e f  a£ - ,  
c h i c k e n  p r o d u c t s  t h a t  m a n u f a c t u r e d  w i t h  a n d  w i t h o u t  u s i n g  t h e  c r u d e  f o r m  o f  p r o t e a s e  i nft J

X —r a y  a n a l y s i s  o f  b o t h  t h e  s t o r e d  a n d  t h e  u n s t o r e d  b e e f  s a u s a g e  s a m p l e s  i n d i ^ ® ^  » < 
a  v e r y  d i s t i n c t i v e  s h a r p  d i s t r i b u t i o n  a r e a  o f  t h e  s p e c i f i c  3 1  e l e m e n t s  w h i c h  f o r m i n g  a ^  
n o m e n - c l a t u r e  f i n g e r p r i n t s  a s  s e e n  i n  F i g s .  ( 1  a n d  2 ) .  T h e s e  f i g u r e s  a r e  c h a r a c t e r i z e , 
b y  n e i g h b o u r  a r e a s  n a m e l y  " A "  t o  " G "  w h i c h  c o n s t r u c t e d  t h e  g r o u p  o f  t h e  i d e n t i f i e d  3 1  e l  t 
m e n t s  a s  g i v e n  i n  T a b l e  ( 3 ) .

A s  a  r e s u l t  o f  a d d i n g  t h e  " P . I "  i n  t h e  b e e f  s a u s a g e  s a m p l e s ,  t h e  c h a r a c t e r i z e 1̂  *  
e l e m e n t s  ( n e i g h b o u r i n g  g r o u p s )  i n  t h e  u n s t o r e d  s a m p l e s  s e e m  t o  b e  i n  s y m m e t r i c  f o r m s  a^  
t h o s e  o f  t h e  s a m p l e s  w h i c h  p r e p a r e d  w i t h o u t  t h e  i n h i b i t o r . T h e  o n l y  d i f f e r e n c e s  l i e  i n  
i n t e n s i t i e s  o f  e l e m e n t s  N o . ,  1 3  ( C a ) ,  1 4  ( K ) ,  1 5  ( C l )  a n d  1 7  ( S ) .  O n  c o n t r a r y ,  d u r i n g . ®  
o r a g e  o f  t h e  c o n t r o l  s a m p l e  a t  4  C  s e v e r a l  c h a n g e s  t o o k  p l a c e  i n  t h e  i n t e n s i t y  o f  t h e  I
v e s t i g a t e d  e l e m e n t s ,  a  t r e n d  w h i c h  m a y  b e  r e l a t e d  t o  t h e  d i s t u r b a n c e  o c c u r i n g  i n  m a s s  
t r i b u t i o n  o f  t h e  e l e m e n t s  w i t h i n  t h e  i n v e s t i g a t e d  s a m p l e s .  T h i s  s i m p l y  m e a n s  t h a t  
a c t i v i t y  o f  p r o t e a s e  e n z y m e s  a s  w e l l  a s  t h e  a u t o l y s i s  o f  t h e  t e s t e d  s a m p l e s  m a y  l e a d  i
t y p e  o f  b r e a k d o w n  o f  t h e  p r o t e i n  m o l e c u l e s .  S u c h  p r e v i o u s  t r e n d  w a s  o u t  o f  d e t e c t i o n  
t h e  b e e f  s a u s a g e  c o n t a i n i n g  t h e  P . I .  a s  s e e n  i n  T a b l e  ( 3 ) .

, R
R e g a r d i n g  t h e  p a t t e r n  o f  c h a n g e s  i n  t h e  X - r a y  d i a g r a m  i n  t h e  f o r m  o f  e l e m e n t s  

f i g u r a t i o n  o f  t h e  i n v e s t i g a t e d  c h i c k e n  p a t t i e s ,  t h e  d a t a  o f  T a b l e  ( 4 )  t h a t  r e s u m e d  f f oin 
F i g s .  ( 3  a n d  4 )  i n i d i c a t e d  t h e  m a i n  f o l l o w i n g  t r e n d s .  j

2 d S
* *  T h e  c h a r a c t e r i z e d  a r e a  i n  c m  o f  g r o u p  " C "  ( 1 7 . 8  C i  +  9 . 2  C 2 ) t h a t  r e p r e s e n t s  2 ' ‘ * 

o f  t h e  t o t a l  d i s t r i b u t e d  a r e a s  r e a c h e d  t o  3 8 . 5 %  ( 1 1 . 3  C i  +  2 7 . 2  C 2 ) a n d  t o  2 9 . 8  ( U - 6  C1 |  
1 8 . 2  C 2 )  f o r  t h e  s a m p l e s  s t o r e d  f o r  o n e  a n d  t w o  w e e k s  a t  4  C  r e s p e c t i v e l y .

* *  E l e m e n t s  o f  g r o u p  " F "  a n d  " G "  i n d i c a t e  a  r e v e r s i b l e  p a t t e r n  o f  c h a n g e s .  T h e  £°_ g t ' 
o n e  h a v i n g ^ a  r e l a t i v e  d i s t r i b u t i o n  a r e a  o f  6 . 3 ,  1 1 . 7  a n d  5 . 6 0 %  f o r  0 ,  1  a n d  2 w e e k s  o f  ^  
o r a g e  a t  4  C ,  w h i l e  t h e  l a t t e r  o n e  s h o w e d  a  v a l u e  o f  1 3 . 6 ,  8 . 3  a n d  1 6 . 8 %  a t  a  c o r r e s p ° n 
i n g  s i m i l a r  c o n d i t i o n s  o f  s t o r a g e .  **

* *  A s  a  r e s u l t  o f  a d d i n g  t h e  p r o t e a s e  i n h i b i t o r ,  t h e  r u p t u r i n g  o f  e l e m e n t  d i s t r i bU 1 
i o n  w a s  m i n i m i z e d  g r e a t l y .  F o r  i n s t a n c e ,  t h e  m a i n  " C "  g r o u p  s h o w e d  a p p p r o x i m a t l y  3  ■
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>
p o s t a n t  a r e a  o f  d i s t r i b u t i o n  w h a t e v e r  t h e  a d d e d  %  o f  t h e  i n h i b i t o r  o r  w h a t e v e r  t h e  s t o r -  

y e  p e r i o d  t h a t  e x t e n d e d  t o  t w o  w e e k s  a t  4 ° C .

T h e  a f o r e m e n t i o n e d  r e s u l t s  i n d i c a t e d  t h e  p r e s e n c e  o f  a  d e g r e e  o f  u n b a l a n c e  i n  t h e  
S(. s  c h a n n e l s  o f  t h e  d i s t r i b u t i o n  o f  t h e  3 1  e l e m e n t s  ( t h a t  i d e n t i f i e d  b y  X - r a y )  d u r i n g  
t h  r a g e  o f  t h e  i n v e s t i g a t e d  s a m p l e s  p r e p a r e d  w i t h o u t  p r o t e a s e  i n h i b i t o r .  S i n c e  p r o t e i n  i s  
p ® m^ 3 ° r  c o n s t i t u e n t s  i n  t h e  b e e f  s a u s a g e  a n d  c h i c k e n  p a t t i e s ,  s o  a n y  d e t e r i o r a t i o n  i n  

t e i n  a s  a  r e s u l t  o f  p r o t e a s e  e n z y m e s ,  w i l l  r e f l e c t  o n  t h e  d i s t r i b u t i o n  p a t t e r n  o f  t h e s e  
e l m e n t s * T h i s  i s  h e l d  t r u e  s i n c e  i t  c o u l d  b e  i m a g e d  t h a t  w i t h i n  a n y  g i v e n  f o o d  i t e m ,  
em. m e n t s  a c t i n g  a s  a  s t r u c t u r a l  c o n f i g u r a t i o n  o f  s p e c i f i c  s p a n  w i t h i n  w h i c h  t h e  o t h e r  c h -  

c o n s t i t u e n t s  a r e  d i s t r i b u t e d .  S u b s e q u e n t l y ,  t h e  p r e v i o u s  r e s u l t s  p r o v e d  t h e  c a p -

Patt
^ • ty  o f  p r o t e a s e  i n h i b i t o r  t h a t  a d d e d  d u r i n g  p r o c e s s i n g  o f  b e e f  s a u s a g e  a n d  c h i c k e n

t l e a  i n  m i n i m i z i n g  a n d / o r  c o n t r o l l i n g  t h e  d i s o r d e r s  o f  t h e  d i s t r i b u t i o n  p a t t e r n  o f  t h e  
f r  e s fc i g a t e d  e l e m e n t s  t h a t  o c c u r r e d  d u r i n g  s t o r a g e  o f  t h e  c o n t r o l  s a m p l e d  a t  4 ° C :  i . e .  

e  ° f  P . I .  a s  a  r e s u l t  o f  t h e  a c t i v i t y  o f  p r o t e a s e  e n z y m e s .

c j j .  A s  a  r e s u l t  o f  a d d i n g  p r o t e a s e  i n h i b i t o r  " P . I . "  i n  t h e  b e e f  s a u s a g e  s a m p l e s  o r  i n  
X c * e n  p a t t i e s  t h e  c h a r a c t e r i z e d  e l e m e n t s  ( n e i g h b o u r i n g  g r o u p s )  t h a t  w e r e  i d e n t i f i e d  b y  
1@ a n a l y s i s  i n  t h e  u n s t o r e d  s a m p l e s  s e e m  t o  b e  i n  s y m m e t i c  f o r m s  a s  t h a t  o f  t h e  s a m p -  
UQS m a n u f a c t u r e d  w i t h o u t  P . I .  T h e  o n l y  d i f f e r e n c e s  l i e  i n  t h e  i n t e n s i t i e s  o f  e l e m e n t s  

) p j *  1 3  ( C a ) , 1 4 ( K ) ,  1 5 ( C 1 ) a n d  1 7 ( S ) .  O n  c o n t r a r y ,  d u r i n g  s t o r a g e ,  s e v e r a l  c h a n g e s  t o o k  
pq  C e  i n  t h e  i n t e n s i t i e s  o f  t h e  t e s t e d  e l e m e n t s ,  a  t r e n d  w h i c h  m a y  b e  r e l a t e d  t o  t h e  c h a -  
P l e S o c c u r  i n  m a s s  e q u i l i b r i u m  d i s t r i b u t i o n  o f  t h e  e l e m e n t s  w i t h i n  t h e  i n v e s t i g a t e d  s a m -  
o j  T h i s  s i m p l y  m e a n s  t h a t  t h e  a c t i v i t y  o f  p r o t e a s e  e n z y m e s  a s  w e l l  a s  t h e  a u t o l y s i s
h e . ' y l e  t e s t e d  s a m p l e s  m a y  l e a d  t o  a  t y p e  o f  b r e a k d o w n  o f  t h e  p r o t e i n  m o l e c u l e s .  T h i s  i s  
s t  t r u e  s i n c e  i t  c o u l d  b e  i m a g e d  t h a t  w i t h i n  a n y  g i v e n  f o o d  i t e m s ,  e l e m e n t s  a c t i n g  a s  a  
d i s ? G t u r a l  c o n f i g u r a t i o n  o f  s p e c i f i c  s p a n  w i t h i n  w h i c h  t h e  o t h e r  c h e m i c a l  c o n s t i t u e n t s  a r e  
t h e  ^ I k u t e d .  H o w e v e r ,  r e s u l t s  i n d i c a t e d  t h e  c a p a b i l i t y  o f  p r o t e a s e  e n z y m e s  i n  m i n i m i z i n g

I ‘»PI
j  . — --» — — —---— — -- * — — — — — — — ---------1, ------- -------------  --— — j  m—t -L

d i s o r d e r s  o f  t h e  d i s t r i b u t i o n  p a t t e r n  o f  e l e m e n t s  t h a t  o c c u r r e d  i n  t h e  c o n t r o l  s a -es.

8e li

Ha

z  H . D . ,  K a i s e r  K . P . ,  S a n t a r i u s  K .  1 9 7 1 .  " T r y p s i n  a n d  a l p h a - c h y m o t r y p s i n  i n h i b i t o r s  
f r o m  p o t a t o e s  : I s o l a t i o n  a n d  s o m e  p r o p e r t i e s " .  B i o c h e m i c a l  a n d  B i o p h y s i c a l  R e 
s e a r c h  C o m m u n i c a t i o n s ,  V o l .  4 2 ,  N o .  3  4 2 0 - 2 4 7 .

Ss  G * M . ,  D e r r  J . E . ,  M a k u s  D . J . ,  R y a n  C . A . 1 9 7 9 .  " P u r i f i c a t i o n  a n d  c h a r a c t e r i z a t i o n  o f  
t h e  c a r b o x y p e p t i d a s e  i s o e i n h i b i t o r  f r o m  p o t a t o e s " .  P l a n t  P h y s i o l , 6 4 ,  1 0 2 2 - 8 .

U a ,

^ish i

• A k o  H . ,  W e r n e r - W a s h b u r n e  M .  1 9 8 0 .  " S u r v e y  o f  p l a n t s  f o r  e n t e r o k i n a s e  i n h i b i t o r s " .  
B i o c h e m .  B i o p h y s .  R e s . ’ C o m m u n .  9 2 ,  1 2 4 3 - 9 .

u c h i ,  t . ,  T a k a h a s h i  T .  1 9 6 6 .  " D i a l d e h y d e  s t a r c h :  I I .  I n t e r n a l  s t r u c t u r e  o f  t h e  p a r 
t i c l e  o f  d i a l d e h y d e  s t a r c h " .  K o g y o  K a g a k u  Z a s s h i ,  6 9 ( 5 )  1 0 5 0 - 3 .  J a p a n .  C . F . ,  C . A .  
V o l .  6 5 ,  1 2 3 9 6  h .

a n z  M e l o a n  C . E .  1 9 7 1 .  " F o o d  a n a l y s i s .  T h e o r y  a n d  p r a c t i c e "  W e s t p o r t , C o n n e c t i c u t .  
T h e  A V I  P u b l i s h i n g  C o m p a n y ,  I N C .

r d s o n  M .  1 9 7 7 .  " P r o t e i n a s e  i n h i b i t o r s  o f  p l a n t s  a n d  m i c r o o r g a n i s m s " .  P h y t o c h e m i s t r y  
1 6 .  1 5 9 - 1 6 9 .

c A
• »  H a s s  G . M .  1 9 8 1 .  " S t r u c t u r a l ,  e v o l u t i o n a r y  a n d  n u t r i t i o n a l  p r o p e r t i e s  o f  p r o t 
e i n a s e  i n h i b i t o r ,  f r o m  p o t a t o e s " .  I n  R . L .  O r y  ( e d . ) .  A n t i n u t r i e n t s  a n d  n a t u r a l  
t o x i c a n t s  i n  f o o d s .  F o o d  a n d  N u t r i t i o n  P r e s s  I n c . ,  W e s t p o r t ,  C T .

a r "̂ U 5 3 K " '  B e 3 a t z  H . D .  1 9 7 8 .  " P r o t e i n a s e  a c t i v i t y  i n  p o t a t o  p l a n t s " .  P l a n t a  1 4 1 :  1 4 5 -
Sa:
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Table (1): X-ray Intensities as k counts/sec. of the main elements scattered within the 
beef sausage, (unstored samples).

E l e m e n t
H o .

A n g e l s
E l e m e n t s  a n d  
t h e i r  s y m b o l s

1 . 5 4 . 9 8 S o d  i uni Na
2 . 4 5 . 0 8 M a n g n e s i u m Mg
3 4 5 . 0 3 C o p p e r Cu
4 . 41 . 8 Z i r c o n i u m Zr
5 . 1 5 . 3 1 C a d m i u m Cd
6 4 8 . 6 7 N i c k e l Ni
7 . 1 4 . 0 4 T i n Sn
0 5 2 . 8 C o b a l t Co
Q 8 7 . 1 7 B a r i u m Ba

10 . 2 8 . 2 6 L e a d Pb
11 30  45 A r c e n i c Ar
- •> 5 7 . 5 2 I r o n r
1? 1 1 3 . 0 9 C a l c i u m C a
i 4 . 1 36  . G 9 F o t  6 £ L  i un. K
: i 6 5 . 4 9 C M  o r  i r  * Cl
16 7 5 . 8 5 S u l f u r S
17 . 8 9 . 5 6 P h o s p h o r u s r
1 8 4 1 . 3 5 M e r c u r y Hg
19 2 2 . 5 5 2 i r c o n 1 um Zr
2 0 . 18 4 2 R u t h e n i u m Ru
21 31 8 9 S e  l e m u m Se
22 2 6 . 6 2 R u b i d i u m Rb
2 3 . 62  9 7 M a n g a n e s e Mri
24 2 8 . 0 6 P l a t : h u m F t
25 1 0 9 . 2 1 S i l l  c o n S i
26 2 0 . 3 3 Mo 1y b d e n u r o Mo
2 7 . 1 4 5 . 1 2 A 1u m i n u m A)
28 1 4 . 6 1 I n d i u m I n
2 9 . 2 1 . 4 N e o d y m i u m Nb
3 0 . 6 9 . 3 6 C h r o m i u m Cr
31 . 6 9 . 4 1 P r o m e t h i u m Pm

P . l  . « P r o t e a s e  i n h i b i t o r .

X-Ray intensities (k counts/sec) of the
S a m p l e  
w i t h o u t  

P . l  .

S a m p l e s  c o n t a i n i n g  P . l .

1 X 2 % 3 X

0  2 7 7 8 5 0 . 3 4 8 9 2 0 . 4 0 6 9 2 0 . 4 3 4 8 8 0
0 . 2 7 0 0 5 0 . 3 5 9 9 2 0 . 3 8 9 0 4 0 . 4 3 9 0 1 0
0 . 5 2 2 0 4 0 . 6 5 1 0 0 0 . 6 5 5 1 5 0 . 6 7 9 1 0 0
1 . 0 1 4 2 7 1 . 0 8 6 3 0 1 . 0 5 1 3 3 1 . 1 0 0 3 0 0
0 . 5 7 8 0 7 0 . 6 7 0 1 5 0 . 6 2 8 0 3 0 6 8 6 1 5 0
0 . 4 7 3 8 6 0 . 5 4 6 9 9 0 . 5 3 8 9 6 0 5 0 5 9 6 0
0 . 3 7 7 0 0 0 . 4 5 9 0 6 0 . 4 3 3 0 3 0 . 4 9 2 0 4 0
0 . 4 1 1 9 6 0 . 4 8 7 8 4 0 . 4 6 2 8 5 0 . 5 2 5 9 0 0
0 . 1 1 9 0 1 0 . 1 8 4 9 7 0 . 1 9 9 9 7 0 . 2 5 8 9 8 0
2 6 9 1 1 5 2 . 8 4 0 3 6 2 . 7 7 7 2 8 2 8 6 2 4 1 0
0  8 7 7 1 0 0 9 7 2 2 5 0 9 4 6 2 2 1 0 0 2 2 5 0
0 6 9 5 0 0 0 . 8 4 5 0 1 0 . 8 3 1 0 3 0 9 2 9 1 4 0
1 3 5 9 2 2 1 4 5 2 0 6 1 5 6 0 2 9 1 7 4 6 1 v 0
6 . 3 : : : i 5 . 9 1 5 3 5 G . 5 9 2 6 5 6 .  2 5 4 2 1 0

¿ 9  ¿ 5 4 0 0 3 7  6 3 5 1 0 4 0  2 5 7 7 0 35 0 5 1 7 0 0
1 0 . 0 7 3 2 0 9 2 1 3 9 6 1 0 . 2 7 2 6 0 10 3 4 5 8 0 0

4 1 4 9 1 7 3 . 2 1 5 2 1 3 3 0 9 2 0 3 . 3 6 1 4 7 0
3 . 0 0 3 8 4 3 2 6 4 1 5 3 2 1 2 1 0 3 . 2 3 9 1 2 0
1 . 0 1 4 2 7 1 . 0 8 6 3 0 1 . 0 5 1 3 3 1 1 0 0 3 0 0
2 . 5 2 0 8 0 2 6 0 4 0 3 2 . 3 8 2 7 0 2 4 3 0 7 8 0
0 . 0 5 6 2 2 0 9 2 6 2 6 0 9 1 4 2 4 0 . 9 0 2 2 8 5
1 . 0 1 9 2 4 1 . 1 1 5 4 0 1 0 0 7 2 9 1 . 1 2 0 3 7 0
0 . 3 7 2 9 9 0 . 4 4 4 0 5 0 4 1 8 8 4 0 4 9 9 9 9 0
3 . 0 8 3 6 4 3 . 2 6 4 1 5 3 . 2 0 2 1 0 3 2 3 9 1 2 0
0 . 4 0 0 0 4 0 . 5 7 7 0 2 0 . 6 7 6 9 7 0 . 6 7 2 1 6 0
1 . 0 0 6 3 1 1 . 0 8 5 3 0 1 0 5 5 3 0 1 . 1 0 9 3 4 0
0 . 2 4 4 8 4 0 . 3 5 1 9 0 0 . 4 0 6 9 2 0 . 4 2 9 B 4 0
0 . 2 9 2 9 8 0 . 2 0 4 9 6 0 . 2 9 0 9 2 1 . 8 2 4 3 6 0
1 . 0 0 7 3 2 1 . 0 8 7 2 9 1 . 0 3 0 2 7 1 0 7 7 3 5 0
0 . 3 3 4 0 2 0 3 9 6 8 3 0 . 3 8 9 0 4 0 . 4 5 5 9 8 0
0 . 2 9 2 9 8 0 . 2 8 4 9 6 0 2 9 0 9 2 1 8 2 4 3 6 0

Table (2)t X-Ray intensities as k counta/arc. of the main elemente ecattered within the 
chicken patties. (Unstored samples).

X-Ray intensities (k counts/sec) of the
Element

No. Angels Elemeets and 
their symbols

1 . 5 4  90 S o d i um Na

2. 4 5  08 M a n g n e s  i um Mg

3 . 4 5 . 0 3 C o p p e r Cu

4 41  . B Z i r c o n i u m Z r

5 . 1 5 . 3 1 C a d m i u m Cd

6 4 8 . 6 7 N i c k e l N)

7 . 1 4 . 0 4 T i n S n

e 5 2 . 8 C o b a l t Co

9 . 8 7 . 1 7 B a r i u m Ba

1 0 . 2 8 . 2 6 L e a d F b

11 . 3 0  45 A r s e n i c A?

1 2 . 5 7 . 5 2 I r e n r

1 3 . 1 1 3 . 0 9 C a l c i u m Ca

) 4 1 36  69 P o t  o f  c ; ui7. i:
Cl1 S 6 5  49 C h ! c r 1 ne

1 6 . 7 5 . 8 5 S u l f u r s
1 7  . 0 9 . 5 6 P h o s p h o r u s p

1 8  
1 9 .

4 1 . 3 5
2 2 . 5 5

M e r c u r y
Z i r c o n i u m

Hg
Z r

2 0 . 10  42 R u t  h e m  um Ru

2 1  . 31 . 8 9 S e l e n i u m S e

2 2 . 2 6  62 R u b i d i u m Rb

2 3 . 6 2 . 9 7 M a n g a n e s e Mn

2 4 3 8 . 0 6 P 1 a t l n u m P t

2 5 1 0 9  21 S i  1 i c o n S )

2 6 . 2 0 . 3 3 M o l y b d e n u m Mo

2 7  . 1 4 5 . 1 2 A l u m ) n u m A 1

2 8  . 1 4 . 6 1 I n d i u m I n

2 9 . 21 . 4 N e o d y m i u m Nb

1 0 6 9 . 3 6 C h r o m i u m Cr

31 . 6 9 . 4 1 P r o m e t h i u m Pm

Sample Samples containing P.l.
wit hout -----------------------------

P . l  . I X  2 X 3 X

0  0 9 2 6 0  
0 0 9 9 0 4
0 . 4 G 1 0 1
0 . 8 e C 2 2
0 4 5 1 0 1  
0 . 2 4 0 0 2  
0 . 2 4 9 9 4  
0  1 7 4 0 0  
0 0 1 3 0 1  
2 9 9 4 ' 4
0  8 2 5 1 3  
0 . 6 9 9 Û C
1 7 Ë 1 4 9

:: c?c3c
7 7  c  J ~J t. 

2 0  2 7 0 4 0  
7 7 7 7 9 0
3 . 2 7 1 2 0
0 e 8 C22
2 . 1 9 1 4 6  
0 . 7 9 4 1 3  
1 . 0 0 7 3 2  
0  1 1 9 9 0
3 . 2 7 1 2 0  
0 3 2 0 0 5  
0 0 7 2 2 1  
0 . 0 7 4 0 5  
0 . 1 7 9 0 4  
0 . 8 7 0 2 3  
0 . 0 7 4 9 6  
0  1 7 9 0 4

0 . 2 0 4 0 3  
0 . 2 1 8 9 3  
0 . 6 8 0 0 9  
0 . 9 6 1 2 2  
0 . 5 4 1 1 1  
0  4 9 9 9 9  
0  3 6 3 9 9  
0 . 4 2 9 8 4  
0 . 0 9 7 9 5  
2 01040 
0 . 8 9 4 2 3  
1 . 0 6 5 9 9
2 1 7 0 5 ?  

. 0  9 9 4 5 0
7  :<V 7.; 

21 4 2 6 6 0  
6 6 0 1 8 1
3  2 6 5 1 4  
0  96 1 2 2  
2 . 2 7 4 5 1  
0  6 6 4 2 7  
1 . 0 2 9 3 1  
0 . 3 9 3 8 5  
3 . 2 6 5 1 4  
0  5 2 0 6 5  
0 . 9 3 7 1 8  
0 . 2 6 3 8 7  
0 . 2 4 1 8 6  
0  9 4 0 2 6  
0 . 3 2 0 9 5  
0 . 2 4 1 8 6

0.19692 0.21985 0.72112 0.98228 0.53505 0.49701 0.35206 0.42801 0.09795 3 012720 92427 
0.939001 66030 

--799636 4 ' 4 :• 5 23.33770 6.121863.35137 0.902282 31455 0 88920 1.06335 0.373903.35137 0 43488 0.97324 0.20999 0.26501 0.95020 0.33207 0.26501

0 . 1 7 9 0 4  
0 . 2 0 7 9 3  
0 . 6 7 0 1 5  
0 . 9 2 4 2 7  
0 . 5 1 9 0 6  
0 . 4 6 7 9 0  
0 . 3 3 0 0 1  
0 4 2 2 9 6  
0 1 0 8 9 8  
3 . 0 9 6 3 6  
0 8 3 3 2 4
0 8 3 4 0 1
1 5 2 5 2 8

2 4 . a.C 54G 6 ? f n ij 
21 111)00 

5 . G 5 6 0  2 
3.23*14 
0 . 5 2 4 2 7  
2 . 1 3 7 3 2
0 0 4 5 1  9
1 0 0 0 2 7  
0 . 3 5 1 9 0  
3 . 2 3 5 1 4  
0 . 4 9 7 9 3  
0 9 3 3 2 1  
0 . 2 0 7 9 3  
0 . 2 4 9 0 9  
0  8 9 8 2 4  
0 . 3 1 2 9 2  
0 . 2 4 9 0 8

p.l. « Protease inhibitor.

1002 38th ICoMST Clermont-Ferrand France 1992



Tab l e  ( 3 ) :  E l e m e n t  g r o u p s  a n d  t h e i r  r e l a t i v e  d i s t r i b u t i o n  a r e a s  i n  b e e f  s a u s a g e  s a m p l e s  p r o c e s s e d  
w i t h  o r  w i t h o u t  p r o t e a s e  i n h i b i t o r .

N e i g h 
b o u r s

. B e e f  s a u s a g e  
o f  i n h i b i t o r

i f r e e B e e f  s a u s a g e  m a n u f a c t u r e d  w i t h  
l X i n h i b i t o r  2 % i n h i b i t o r  3% i n h i b i t o r

i n N . D . E A r e a R . D . A N . D . 5 A r e a  _ _  .• R . D . A N . D i . S A r e a  _ _  .• R . D . A N . C > .S A r e a  _ ,  R . D . A
a c t e r F r o m T o cm ^ % F r o m T o cm 2 % F r o m T o c m 2  ^ F r o m To

i n
cm 2 «

A 1 8 1 . 4 0 1 1 . 1 0 1 6 1 . 2 0 1 1 . 3 0 1 7 1 . 1 0 1 0 . 2 0 1 7 1 . 0 0 9 . 5 0
B 9 1 1 1 . 8 0 1 4 . 2 0 9 1 1 1 . 1 3 1 0 . 7 0 9 1 1 1 . 1 0 1 0 . 2 0 9 1 1 0 . 9 5 9 . 0 0
C 1 2 1 9 6 . 5 0 5 1 . 4 0 1 2 1 9 5 . 6 0 5 2 . 9 0 1 2 1 9 6 . 0 0 5 5 . 5 0 1 2 1 9 5 . 7 0 5 4 . 1 0
D 1 9 2 1 0 . 5 0 4 . 0 0 1 9 2 5 0 . 4 5 4 . 3 1 9 2 1 0 . 4 5 4 . 1 0 1 9 21 0 . 4 3 4 . 1 0
E 2 3 2 5 1 . 1 0 8 . 7 0 2 3 2 5 1 . 0 0 9 . 4 0 23 2 5 1 . 0 0 9 . 2 0 2 3 25 0 . 8 8 8 . 3 0
F 2 5 2 7 0 . 6 0 4 . 7 0 2 5 2 7 0 . 3 3 3 . 1 0 2 5 2 7 0 . 3 7 3 . 4 0 2 5 27 0 . 3 8 3 . 6 0
G 2 3 3 1 0 . 7 5 5 . 9 0 2 3 3 1 0 . 3 3 8 . 3 0 2 3 3 1 0 . 8 0 7 . 4 0 2 7 3 0 1 . 2 0 4 1 p

A 2 8 2 . 2 0 1 5 . 4 0 2 7 2 . 1 0 1 6 . 2 0 2 7 1 . 6 0 1 2 . 3 0 2 8 1 . 4 0 1 1 . 4 0
3 9 1 1 1 . 1 0 7 . 7 0 9 1 1 1 . 1 0 8 . 5 0 9 1 1 1 . 1 0 8 . 4 0 9 1 1 0 . 9 5 7 . 7 0
C 1 2 1 8 7 . 3 0 5 0 . 9 0 1 2 1 3 6 . 5 0 5 0 . 1 0 1 2 1 8 7 . 1 0 5 4 . 4 0 1 2 1 8 6 . 8 0 5 5 . 2 0
D 1 8 2 1 1 . 4 0 9 . 7 0 1 8 2 1 1 . 3 0 1 0 . 0 0 1 8 2 1 1 . 3 0 9 . 9 0 1 8 21 1 . 2 7 1 0 . 3 0
E 2 3 2 5 Z e r o Z e r o 2 3 2 5 Z e r o Z e r o 23 2 5 Z e r o Z e r o 2 3 25 Z e r o Z e r o
F 2 5 2 7 0 . 8 3 5 . 8 0 2 5 2 7 0 . 7 7 5 . 9 0 2 5 2 7 0 . 6 6 5 . 1 0 2 5 27 0 . 5 9 4 . 8 0
G 2 8 3 1 1 . 5 0 1 0 . 5 0 2 8 3 1 1 . 2 0 9 . 3 0 2 8 3 1 1 . 3 0 9 . 9 0 2 8 3 1 1 . 3 0 1 0 . 6 0

1 3 0 . 2 0 2 . 5 0 2 7 1 . 1 0 9 . 5 0 2 7 1 . 1 0 9 . 7 0 2 7 1 . 1 0 1 0 . 4 0
A 2 3 5 0 . 2 0 2 . 5 0
B 9 1 1 0 . 6 0 7 . 6 0 9 1 1 0 . 9 3 8 . 0 0 9 1 1 0 . 8 7 7 . 7 0 9 1 1 0 . 8 6 . 8 . 1 0
C 1 2 1 9 5 . 2 0 6 5 . 9 0 1 2 1 9 6 . 0 0 5 1 . 6 0 1 2 1 9 6 . 4 0 5 6 . 7 0 1 2 1 9 5 . 7 0 5 3 . 9 0
D 1 9 2 1 0 . 3 2 4 . 1 0 1 9 2 1 0 . 5 0 4 . 3 0 1 9 2 1 0 . 4 5 4 . 8 0 1 9 21 0 . 4 5 4 . 3 0
E 2 3 2 5 0 . 6 0 7 . 6 0 2 3 2 5 1 . 4 0 1 2 . 0 0 23 2 5 0 . 8 8 7 . 8 0 2 3 2 5 0 . 9 3 8 . 8 0
F 2 5 2 7 Z e r o Z e r o 2 5 2 7 0 . 4 0 3 . 4 0 2 5 2 7 0 . 3 0 2 . 7 0 2 5 2 7 0 . 3 4 3 . 2 0
G 2 7 3 0 0 . 7 7 9 . 8 0 2 7 3 0 1 . 3 0 1 1 . 2 0 2 7 3 0 1 . 2 0 1 0 . 6 0 2 7 3 0 1 . 2 0 1 1 . 3 0

N . D ■ E = N u m b e r  o f  t h e  d i s t r i b u t e d  e l e m e n t s
R . D . A X  = R e l a t i v e  d i s t r i b u t i o n  a r e a X.

a b l e  114 )  : E l e m e n t  g r o u p s  a n d t h e i r r e l a t i v e d i s t r i b u t i o n a r e a s  i n c h i  c k e n p a t t i e s  s a m ó l e s
p r o c e s s e d  w i t h  a n d w i t h o u t p r o t e a s e  i n h i b i t o r .

N e i a h C h i c k e n  p a t t i e s C h i c k e n  p a t t i e s C h i c k e n  p a t t i e s C h i c k e n c a t t i e s
h o u r s f r e e  o f : i n h i b i t o r 1% i n h i b i t o r 2% i n h i b i t o r 3%, i n h i b i t o r

i n N . D . E A r e a R . D . A N . D . E A r e a R . D . A N . D • E A r e a R . D . A N . D • E A r e a R . D . A
a c t e r F r o m T o l n 2cm % F r o m T o l n 2cm

or/© F r o m T o l n 2cm % F r o m T o
- r n  

CE %

A 2 8 2 . 3 0 2 4 . 0 0 2 7 1 . 4 0 2 3 . 3 0 2 7 1 . 4 0 2 4 . 8 0 2 7 1 . 0 0 1 4 . 1 0
B 9 1 1 1 . 7 0 1 7 . 8 0 9 1 1 1 . 0 0 1 6 . 6 0 9 1 1 0 . 9 0 1 5 . 9 0 9 1 1 1 . 1 0 1 5 . 6 0
C i 1 2 1 5 0 . 8 8 9 . 2 0 1 1 1 5 0 . 5 8 9 . 6 0 1 2 1 5 0 . 6 6 1 1 . 7 0 1 2 1 5 1 . 0 0 1 4 . 1 0
c 2 1 5 1 9 1 . 2 0 1 2 . 6 0 1 5 1 9 1 . 2 0 1 9 . 9 0 1 5 1 9 0 . 6 6 1 1 . 7 0 1 5 1 9 1 . 4 0 1 9 . 8 0
D 1 9 21 0 . 3 8 4 . 0 0 1 9 2 1 0 . 3 6 6 . 0 0 1 9 2 1 0 . 3 5 6 . 2 0 1 9 2 1 0 . 4 2 5 . 9 0
E 2 3 2 5 1 . 2 0 1 2 . 6 0 2 3 2 5 0 . 7 0 1 1 . 6 0 2 3 2 5 0 . 7 5 1 3 . 3 0 2 3 2 5 1 . 1 0 1 5 . 6 0
F 2 5 2 7 0 . 6 0 6 . 3 0 2 5 2 7 0 . 3 0 5 . 0 0 2 5 2 7 0 . 4 8 8 . 5 0 2 5 27 0 . 4 6 6 . 5 0
G 2 7 3 0 1 . 3 0 1 3 . 6 0 2 8 3 0 0 . 4 8 8 . 0 0 2 8 3 0 0 . 4 5 7 . 9 0 2 6 3 0 0 . 5 9 6 . 3 0

A 2 8 1 . 2 0 1 5 . 6 0 2 7 1 . 2 0 1 6 . 5 0 2 7 1 . 4 0 1 6 . 5 0 2 8 1 . 7 0 1 9 . 2 0o 9 1 1 0 . 9 0 1 1 . 7 0 9 1 1 0 . 9 6 1 3 . 2 0 9 1 1 0 . 8 4 9 . 9 0 9 1 1 0 . 7 8 8 . 8 0
c * 1 2 1 5 0 . S 7 1 1 . 3 0 1 2 1 5 0 . 8 5 1 1 . 7 0 1 2 1 5 o . e s 1 0 . 0 0 1 2 1 5 0 . 7 6 8 . 6 0
C 2 1 5 1 8 2 . 1 0 2 7 . 2 0 1 5 1 8 1 . 0 0 1 3 . 7 0 1 5 1 8 2 . 0 0 2 3 . 6 0 1 5 1 8 2 . 2 0 2 4 . 2 0
D 1 8 2 1 1 . 1 0 1 4 . 3 0 1 8 2 1 0 . 9 5 1 3 . 0 0 1 8 2 1 1 . 0 0 1 1 . 8 0 1 8 21 0 . 8 8 9 . 9 0
E 2 2 2 4 Z e r o Z e r o 2 2 2 4 Z e r o Z e r o 2 2 2 4 Z e r o Z e r o 2 2 2 4 Z e r o Z e r o
F 2 4 2 7 0 . 9 0 1 1 . 7 0 2 5 2 7 0 . 5 2 7 . 2 0 2 5 2 7 0 . 6 0 7 . 1 0 2 5 2 7 0 . 7 3 8 . 2 0
G 2 8 3 0 0 . 6 4 8 . 3 0 2 7 3 0 1 . 8 0 2 4 . 7 0 2 7 3 0 1 . 8 0 2 1 . 2 0 2 7 3 0 1 . 8 0 2 0 . 3 0

A 2 7 1 . 1 0 1 5 . 4 0 2 7 1 . 1 0 1 5 . 0 0 2 7 0 . 2 0 3 . 2 0 2 7 1 . 1 0 1 4 . 8 0
B 9 1 1 0 . 9 5 1 3 . 3 0 9 1 1 1 . 2 0 1 6 . 4 0 9 1 1 0 . 8 0 1 2 . 7 0 9 1 1 0 . 9 3 1 2 . 5 0

1 2 1 5 o.e3 1 1 . 6 0 1 2 1 5 0 . 7 0 9 . 6 0 1 2 1 5 0 . 8 0 1 2 . 7 0 1 2 1 5 0 . 7 8 1 0 . 5 0
C 2 1 5 1 9 1 . 3 0 1 8 . 2 0 1 5 1 9 1 . 5 0 2 0 . 5 0 1 5 1 9 1 . 7 0 2 6 . 9 0 1 5 1 9 1 . 5 0 2 0 . 2 0
D 1 9 2 1 0 . 4 0 5 . 6 0 1 9 2 1 0 . 4 0 5 . 5 0 1 9 2 1 0 . 5 0 7 . 9 0 1 9 2 1 0 . 4 4 6 . 0 0
E 2 3 2 5 0 . 9 8 1 3 . 7 0 2 3 2 5 0 . 8 8 1 2 . 0 0 2 3 2 5 0 . 9 0 1 4 . 2 0 2 3 2 5 1 . 0 0 1 3 . 5 0
F 2 5 2 7 0 . 4 0 5 . 6 0 2 5 2 7 0 . 3 4 4 . 6 0 2 5 2 7 0 . 3 2 5 . 1 0 2 5 2 7 0 . 3 7 5 . 0 0
G 2 7 3 0 1 . 2 0 1 6 . 8 0 2 7 3 0 1 . 2 0 1 6 . 4 0 2 7 3 0 1 . 1 0 1 7 . 4 0 2 7 3 0 1 . 3 0 1 7 . 5 0
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N . D . E .  =  N u m b e r  o f  t h e  d i s t r i b u t e d  e l e m e n t s .  
R - D - A  % = R e l a t i v e  d i s t r i b u t i o n  a r e a  X .
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COOI»C N o . or IIC CLCMCNIS

nc (i) x-ray oiacrah or 31 cumcnts whidi forming thc -a- io mcm croups 
or iic uNStuxcD ncri s a u s a g e  samtlcs

CO DING N o .  W  1IIC CLCMCNIS

r iC (l)  X-RAY OIACR AH 0T 31 C ICM CNTS WHICH TO R H IN  IHC " A "  TO HC "  C R W **

or thc eccr sausage samics siorco ron iwo wccr.s

o

COO INC NO. Of lie CLCMCNIS comm; no. or me clcmcnis

F IC  ( 3 )  X-RAY DIAGRAM O r 31 CLCMLN15 M U C H  TORMINC U lC  " A " TO " C "  CROUPS n c  t  4 . )  X -R A Y  O IACRAH O f  31 CICM CNTS W HICH TORMINC THC " A "  10  " C "  CROUP*

O f THC UHSTORCD CH IC K EN  P A 1 U C S  SAM PlCS or me ciiiCKCN pat lies saiu-ics stored tor two wccks
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