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L A U R E N T I U S .  J. F o o d  Sci. 3 9 ,  2 3 0 - 2 3 3  ( 1 9 7 4 ) - C o c o n u t  m i lk  e x 
t r a c t e d  f r o m  f r e s h  c o c o n u t s ,  w a s  c e n t r i f u g e d  to  o b t a i n  c r e a m  a n d  s k im  
m ilk .  T h e  w h o le  m a s s  o f  c r e a m  w a s  c h i l le d  t o  1 7 ° C  o r  b e lo w .  I t  w a s  
e s ta b l i s h e d  t h a t  1 7 ° C  w a s  t h e  c r i t i c a l  t e m p e r a t u r e  f o r  s u b s e q u e n t  p h a s e  
s e p a r a t i o n .  A t  1 7 ° C ,  c r y s t a l l i z a t i o n  o f  t h e  o i l  p h a s e  w a s  o b s e r v e d  u n d e r  
t h e  m ic r o s c o p e .  O n  w a r m in g  t o  2 5 ° C ,  t h e  e m u ls io n  b r o k e  w i th  s e p a r a 
t i o n  o f  o il  a n d  p r o t e i n .  T h is  p r o c e s s  d i f f e r s  f r o m  s im i la r  p ro c e s s e s  in  t h a t  
n o  e n z y m e s  a r e  u s e d  a n d  t h e  t e m p e r a t u r e  o f  t h e  w h o le  m a s s  o f  c r e a m  h a s  
t o  b e  lo w e r e d  o n ly  t o  1 7 ° C . T h e  o i l  o b t a i n e d  d id  n o t  d i f f e r  s ig n i f i c a n t ly  
f r o m  c o m m e r c ia l ly  a v a i la b le  o i l .  A m in o  a c id  c o m p o s i t i o n  o f  d i f f e r e n t  
p r o t e i n  f r a c t i o n s  w a s  d e t e r m in e d .

S W E L L IN G  S T R E S S  A N D  H Y D R O S T A T I C  C O M P R E S S IB IL IT Y  O F  
G R O U N D  C O R N  A N D  IT S  C O N S T IT U E N T S . M . K U M A R . J. F o od  Sci. 
3 9 ,  2 3 4 - 2 3 8  ( 1 9 7 4 ) - S w e l l i n g  s t r e s s e s  a n d  h y d r o s t a t i c  c o m p r e s s ib i l i t i e s  
o f  g r o u n d  w h o le  c o r n ,  e n d o s p e r m  a n d  g e rm  w e re  d e t e r m in e d  b y  u s in g  
th e  t h e o r y  o f  s w e ll in g  s t r e s s e s  in  g e ls . T h e  g r o u n d  c o r n  a n d  i t s  c o n s t i t u 
e n t s  w e re  c o n s id e r e d  a s  g e ls . T h e  m a g n i tu d e  o f  s w e ll in g  s t r e s s e s  in  th e  
g r o u n d  c o r n  m a te r ia l s  w a s  in  o r d e r  o f  s e v e ra l  t h o u s a n d  p o u n d s  p e r  s q u a r e  
in c h  a t  lo w  e q u i l i b r iu m  m o i s tu r e  c o n t e n t s ,  w h e n  s u b je c t e d  to  in c r e a s e d  
v a p o r  p r e s s u r e .  T h e  h y d r o s t a t i c  c o m p r e s s ib i l i t y  f o r  g r o u n d  w h o le  c o r n ,  
e n d o s p e r m  a n d  g e r m  in c r e a s e d  w i th  a n  in c r e a s e  o f  m o i s tu r e  c o n t e n t .

A I R - F L U I D I Z E D  T O A S T I N G  O F  W H O L E  K E R N E L  W H E A T 
P R O C E S S I N G  V A R I A B L E S  A N D  F U N C T I O N A L  P R O P E R T I E S  F O R  
F O O D  A P P L IC A T IO N S . M E .  L A Z A R , A .P . M O S S M A N  &  J .M . 
W A L L A C E . J. F o o d  Sci. 3 9 ,  2 3 9  — 2 4 3  ( 1 9 7 4 ) - P r o c e s s i n g  v a r ia b le s  a f 

f e c t in g  t o a s t e d  w h e a t  p r o p e r t i e s  w e r e  s tu d i e d .  F o r  m a x im u m  g e la t in iz a -  
t i o n  o f  s t a r c h ,  s u b s t a n t i a l  m o i s t u r e ,  u p  t o  6 0 %  o f  t h e  w e ig h t  o f  t h e  d r y  
w h e a t ,  m u s t  b e  in f u s e d  i n t o  t h e  w h o le  k e r n e l  a n d  e q u i l i b r a t e d  p r i o r  to  
t h e  h e a t  t r e a t m e n t .  M o is te n in g ,  t e m p e r in g  a n d  to a s t i n g  o p t i m a  w e re  e s 
t a b l i s h e d .  C o ld  p a s te  v i s c o s i t ie s  c a n  b e  r e d u c e d  b y  o v e r - to a s t i n g ,  a s  w e ll  
a s  u n d e r - to a s t i n g .  H e a t in g  r a te s  m u s t  m a x im iz e  s t a r c h  g e l a t i n i z a t i o n  b e 
f o r e  m o i s tu r e  is  e v a p o r a t e d .  E n z y m e  in a c t i v a t i o n ,  w h ic h  a f f e c t s  s to r a g e  
s t a b i l i t y  a s  w e ll  a s  v is c o s i ty  v a lu e s ,  w a s  n o t  c o m p l e t e  in  2 0  s e c  a t  3 0 0 ° F  
(m a s s -a v g  k e r n e l  t e m p  2 7 5 ° F )  b u t  w a s  c o m p le t e  in  o n ly  1 5  s e c  a t  4 0 0 ° F  
( tM A  = 3 2 3 °  F ) .  T o a s t in g  e x p a n d s  t h e  k e r n e l  t w o f o l d  o r  m o r e  a n d  c r e a t e s  
a  p o r o u s  e n d o s p e r m  s t r u c t u r e  w h ic h  a b s o r b s  w a te r  r e a d i ly .  S e v e ra l  a p p l i 
c a t i o n s  w e re  t e s t e d ,  s u c h  a s  s o u p  a n d  s a u c e  t h i c k e n e r s ,  b r e a d e r s  a n d  
c e r e a ls  f o r  d o m e s t i c  a n d  fo r e ig n  f e e d in g  p r o g r a m s .

E N R IC H M E N T  O F  T O R T I L L A S  W IT H  S O Y  P R O T E I N S  B Y  L IM E  
C O O K I N G  O F  W H O L E  R A W  C O R N -S O Y B E A N  M I X T U R E S . F .R .  D E L  
V A L L E  &  J .  P E R E Z - V I L L A S E Ñ O R . J. Food Sci. 3 9 ,  2 4 4 - 2 4 7
( 1 9 7 4 ) - A  s im p le  a n d  in e x p e n s iv e  m e t h o d  f o r  e n r i c h in g  to r t i l l a s  w i th  so y  
p r o t e i n s  w a s  s tu d i e d .  T h e  m e t h o d  c o n s i s te d  o f  a p p l i c a t i o n  o f  t h e  t r a d i 
t i o n a l  p r o c e s s  f o r  m a k in g  c o r n  t o r t i l l a s  t o  w h o le  r a w  c o r n - s o y b e a n  m i x 
tu r e s :  l im e  c o o k in g  o f  a m ix t u r e ,  a l lo w in g  t h e  c o o k e d  m i x t u r e  t o  s ta n d  
o v e r n ig h t  in  t h e  c o o k in g  l i q u o r ,  w a s h in g  t h e  m i x t u r e  w i th  t a p  w a te r ,  
g r in d in g  t h e  c o o k e d  m i x t u r e  i n t o  a  d o u g h ,  a n d  m a k in g  to r t i l l a s  f r o m  th e  
d o u g h .  T h is  m e t h o d  o f  e n r i c h m e n t  w a s  f o u n d  to  g iv e  t o r t i l l a s  w i t h  sig 
n i f i c a n t ly  h ig h e r  p r o t e i n  c o n t e n t  a n d  p r o t e i n  q u a l i t y  t h a n  n o r m a l  u n 
e n r i c h e d  to r t i l l a s .  P E R  a n d  N P U  v a lu e s  o f  t o r t i l l a s  c o n t a in in g  8 %  a n d  
1 6 %  s o y a  w e re  f o u n d  t o  b e  c o m p a r a b le  t o  t h o s e  o b t a i n e d  w i t h  t o r t i l l a s  
e n r i c h e d  w i th  s o y  f l o u r  o r  w i th  a m in o  a c id s  ly s in e  a n d  t r y p t o p h a n e .  T h e  
p r e s e n c e  o f  s o y b e a n s  in  to r t i l l a s  s o  e n r i c h e d  w a s  f o u n d  t o  b e  n o t  s ig n i f i 
c a n t ly  d e t e c t a b l e  b y  a  t r a i n e d  p a n e l ,  a t  l e a s t  u p  t o  a  s o y a  le v e l  o f  1 6 % . 
T o x i c  f a c t o r s  p r e s e n t  i r  r a w  s o y b e a n s  w e r e  n o t  d e t e c t e d  in  e n r i c h e d  
to r t i l l a s  b y  th e  u r e a s e  m e t h o d ,  h a v in g  b e e n  a p p a r e n t l y  i n a c t iv a t e d  b y  th e  
to r t i l l a - m a k in g  p ro c e s s .  E n r i c h m e n t  b y  th i s  m e t h o d  is  c h e a p e r  t h a n  e n 
r i c h m e n t  w i th  s o y  f l o u r  o r  w i th  a m in o  a c id s .  T h e  m e t h o d  p e r m i t s  u n i 
f o r m  i n t r o d u c t i o n  o f  s o y a  p r o t e i n s  w i th in  t h e  t o r t i l l a s ,  a n d  c h a n g e s  
n e i th e r  f o o d  re c ip e s  n o r  e a t i n g  h a b i t s .

S L U S H  E V A P O R A T I O N : A  N E W  M E T H O D  F O R  C O N C E N T R A T IO N  
O F  L I Q U I D  F O O D S . C .M . L O W E  &  C .J .  K IN G . J. Food Sci. 3 9 ,  
2 4 8 - 2 5 3  ( 1 9 7 4 ) - S l u s h  e v a p o r a t io n  in v o lv e s  r e m o v a l  o f  w a te r  b y  c o m 
b in e d  e v a p o r a t io n  a n d  s u b l im a t io n  f r o m  th e  p a r t l y  f r o z e n  s ta t e .  I t  p r o 
v id e s  d e h y d r a t i o n  r a te s  c o n s id e r a b ly  g r e a t e r  t h a n  th o s e  a t t a i n a b l e  w i th  
f r e e z e  d r y in g ,  b u t  a t  t h e  s a m e  t im e  g iv e s  v e ry  g o o d  r e t e n t i o n  o f  v o la t i l e  
f la v o rs  a n d  a r o m a .  E x p e r i m e n t s  a r e  r e p o r t e d  w h ic h  q u a n t i t a t i v e l y  e x a m 
in e  t h e  r e t e n t i o n  o f  n a tu r a l  v o la t i l e  c o m p o u n d s  d u r in g  s lu s h  e v a p o r a t i o n ,  
a s  a  f u n c t i o n  o f  t e m p e r a t u r e ,  d r y in g  r a t e ,  m o d e  o f  d r y in g ,  s a m p le  t h i c k 
n e s s ,  i n i t i a l  c o n c e n t r a t i o n ,  t h e  f r a c t i o n  o f  w a te r  r e m o v e d  a n d  th e  p r e s 
e n c e  o r  a b s e n c e  o f  f o a m .  A  s e c o n d  s e t  o f  e x p e r i m e n t s  i n v e s t ig a te d  th e  
e f f e c t  o f  th e s e  v a r ia b le s  u p o n  d is s o lv e d -s o l id s  lo s s ,  w i th  lo s s e s  o f  
0 .1  - 0 . 5 %  b e in g  f o u n d  u n d e r  t y p i c a l  c o n d i t i o n s  f o r  c o n c e n t r a t i o n .

E F F E C T S  O F  p H  O N  Q U A L IT Y  O F  S T O R E D  T O M A T O  J U I C E .  R .H .  
D O U G H E R T Y  &  P .E .  N E L S O N . J. Food Sci. 3 9 ,  2 5 4 - 2 5 6  ( 1 9 7 4 ) -  
T o m a t o  ju i c e  w a s  p r e p a r e d  b y  t h e  h o t - b r e a k  m e t h o d  a n d  f i l l e d  h o t  i n t o  
c a n s  c o n ta in in g  s u f f i c i e n t  c o n c e n t r a t e d  HC1 to  a d j u s t  p H  to  4 .0 ,  3 .5 ,  3 .0 ,
2 .5  a n d  2 .0 .  C o n t r o l s  w e re  a ls o  p r e p a r e d  w i th  n o  HC1 a d d e d .  P r o d u c t  w a s  
s to r e d  a t  a m b ie n t  ( 1 8 - 2 2 ' C )  a n d  4 0 ° C  u p  to  3  m o n t h s .  A s  p H  d e c r e a s e d  
b e lo w  4 .0 ,  c o n s i s te n c y  a ls o  s h o w e d  a  s ig n i f i c a n t  d e c l in e  t h r o u g h  p H  2 .0 .  
A t  t h e  s a m e  t im e  th e r e  w a s  n o  a p p a r e n t  p H  e f f e c t  o n  s e r u m  v is c o s i ty .  
F u r t h e r  s tu d i e s  i n d i c a t e d  t h a t  th i s  e f f e c t  w a s  n o t i c e a b l e  a f t e r  4  h r ,  a t  p H
3 .0  t o  5 .0 .  A d d i t i o n  o f  a s  m u c h  a s  1% N a C l t o  t o m a t o  j u i c e  h a d  n o  e f f e c t  
o n  c o n s i s t e n c y  o f  t o m a t o  ju i c e .  L ig h tn e s s  ( H u n t e r  c o lo r  L) d e c r e a s e d  
w i th  p H  a f t e r  3 .5 ,  r e d n e s s  ( a L ) d e c r e a s e d  a f t e r  p H  4 .0 ,  a n d  y e l lo w n e s s  
( ¿ L ) d e c r e a s e d  a f t e r  p H  3 .0 .  A ll s to r a g e  e f f e c t s  w e re  m o r e  p r o f o u n d  a t
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th e  h ig h e r  t e m p e r a t u r e .  T h e  s to r a g e  o f  t o m a t o  j u i c e s  a t  p H  le ss  t h a n  4 .0  
d o e s  n o t  a p p e a r  to  b e  a d v a n t a g e o u s  t o  t h e  p r o c e s s o r .

pH AND ACIDIC STABILITY DURING STORAGE OF ACIDIFIED 
AND NONACIDIFIED CANNED TOMATOES. D .R .  S C H O E N E M A N N , 
A. L O P E Z  &  F .W . C O O L E R .  J. F o o d  Sci. 3 9 ,  2 5 7 - 2 5 9  ( 1 9 7 4 ) - A  s tu d y  
w a s  c o n d u c t e d  to  e v a l u a te  p H  s t a b i l i t y  o f  a c i d i f i e d  t o m a t o  p a c k s  d u r in g  
s to r a g e  f o r  1 y r  a t  2 4 °  C , t o  a s s o c ia t e  p H  s t a b i l i t y  w i th  t o m a t o  c o m p o s i 
t i o n ,  a n d  to  d e t e r m in e  t h e  v a r ia b i l i ty  o f  p H  w i th in  t h e  c a n n e d  p r o d u c t  
c a u s e d  b y  t o m a t o  c e l l  w a lls  a n d  o t h e r  s t r u c t u r a l  m a t t e r .  R e s u l t s  s h o w  
t h a t  p H  o f  a c i d i f i e d  t o m a t o e s  is  a s  s t a b l e  d u r in g  h e a t  p ro c e s s in g  a n d  
s to r a g e  a s  t h a t  o f  n o n a c i d i f i e d  t o m a t o e s .

A LABORATORY STUDY ON COUNTERCURRENT DESALTING OF 
PICKLES. J .L .  B O M B E N , E .L .  D U R K E E ,  E . L O W E  & G .E .  S E C O R . J. 
F o o d  Sci. 3 9 ,  2 6 0 - 2 6 3  ( 1 9 7 4 ) —T h e  t e c h n i q u e  o f  c o u n t e r c u r r e n t  l e a c h 
in g  w a s  a p p l ie d  t o  th e  d e s a l t in g  o f  s a l t  s t o c k  p ic k le s .  E x p e r i m e n t s  a n d  
c a l c u la t io n s  s h o w e d  t h a t  a  s p e n t  b r in e  o f  1 3 - 1 4 %  s a l t  c a n  b e  p r o d u c e d  
in  4 - 6  s ta g e s  a n d  t h a t  p ic k le s  c a n  b e  d e s a l t e d  in  4 8  h r .  T h e  v o lu m e  o f  
w a s te  e f f l u e n t  f r o m  c o u n t e r c u r r e n t  le a c h in g  is  c o n s id e r a b ly  le ss  th a n  th e  
a m o u n t  f r o m  c o n v e n t io n a l  le a c h in g ,  a n d  th e  h ig h e r  c o n c e n t r a t i o n  o f  s a l t  
in  th e  e f f l u e n t  m a k e s  s a l t  r e c o v e r y  m u c h  m o r e  p r a c t i c a l  f r o m  a c o s t  
s t a n d p o i n t .

YIELD, PROXIMATE COMPOSITION AND MINERAL ELEMENT 
CONTENT OF THREE CULTIVARS OF RAW AND ROASTED 
PEANUTS. N .L .  D E R I S E ,  H .A . L A U , S .J .  R IT C H E Y  &  E .W . M U R P H Y . 
J. F o o d  Sci. 3 9 ,  2 6 4 - 2 6 6  ( 1 9 7 4 ) —Y ie ld  o f  k e r n e l s ,  p r o x i m a t e  c o m p o s i 
t i o n  ( m o i s tu r e ,  c r u d e  f ib e r ,  f a t ,  p r o t e i n  a n d  a s h ) ,  a n d  c o n t e n t  o f  n in e  
m in e r a l  e l e m e n t s - C a ,  M g, P ,  N a , K , F e ,  C u ,  Z n  a n d  M n - a r e  r e p o r t e d  f o r  
t h r e e  c u l t iv a r s  o f  p e a n u t s ,  r a w  a n d  r o a s t e d .  R o a s t in g  r e s u l t e d  in  h ig h e r  
c o n c e n t r a t i o n s  o f  a ll  n u t r i e n t s  m e a s u r e d  in  t h e  p e a n u t s  e x c e p t  m o i s tu r e  
a n d  s o d iu m ,  w h o s e  c o n t e n t s  d e c r e a s e d .  A l th o u g h  s t a t i s t i c a l l y  s ig n i f i c a n t  
d i f f e r e n c e s  in  n u t r i e n t  c o n t e n t  w e re  n o t e d  a m o n g  c u l t iv a r s ,  th e s e  d i f f e r 
e n c e s  w e re  o f  l i t t l e  p r a c t i c a l  i m p o r t a n c e .  D a ta  o n  r e t e n t i o n s  o f  p r o x i m a t e  
c o m p o n e n t s  a n d  m in e r a l  e l e m e n t s  w i th  r o a s t i n g  o f  p e a n u t s  i n d i c a t e  t h a t  
e x c e p t  f o r  m o i s tu r e  a n d  s o d iu m  (w h ic h  w e re  lo w )  a n d  a s h  (w h ic h  w a s  
h ig h ) ,  r e t e n t i o n s  w e re  c lo s e  t o  1 0 0 % .

INDIVIDUAL HEAT TRANSFER MODES IN BAND OVEN BISCUIT 
BAKING. C .N . S T A N D I N G . J. F o o d  Sci. 3 9 ,  2 6 7 - 2 7 1  ( 1 9 7 4 ) - T h e  
in d iv id u a l  m o d e s  o f  h e a t  t r a n s f e r ,  e .g . ,  c o n d u c t i o n ,  r a d i a t i o n  a n d  c o n 
v e c t io n ,  a r e  c o n s id e r e d  f o r  t h e  p ro c e s s in g  o f  p r o d u c t s  i n  c o n v e n t io n a l  
b a n d  o v e n s .  A  s p e c i f i c  t h e o r e t i c a l  m o d e l  is  c o n s id e r e d  f o r  t h e  b a k in g  o f  
b i s c u i t s  in  a n  i n d i r e c t  f i r e d  o v e n .  V a lu e s  o f  i n d iv id u a l  h e a t  t r a n s f e r  c o n 
s t a n t s  in  th e  t h e o r e t i c a l  m o d e l  a n d  m a jo r  e f f e c t s  o f  th e  in d iv id u a l  m o d e s  
o f  h e a t  t r a n s f e r  w e re  d e t e r m i n e d  u s in g  la b  s c a le  h e a t in g  d e v ic e s .  E x t r a p o 
l a t in g  th e s e  r e s u l t s  t o  a  b a n d  o v e n  b a k in g  p r o c e s s ,  t h e  m o d e l  i n d i c a t e d  a 
h e a t  t r a n s f e r  p r o f i l e  o f  a b o u t  2 0 %  h e a t  t r a n s f e r r e d  b y  c o n d u c t i o n ,  a b o u t  
4 5 %  b y  r a d i a t i o n  a n d  a b o u t  3 5 %  b y  f o r c e d  c o n v e c t io n  in  t h e  b a n d  o v e n ,  
w i th  a b o u t  h a l f  t h e  h e a t  b e in g  a b s o r b e d  a s  s e n s ib le  h e a t ,  a n d  a b o u t  h a l f  
a s l a t e n t  h e a t .

PREDICTING AN EQUILIBRIUM STATE VALUE FROM TRANSIENT 
STATE DATA. K . HAYAKAWA. J. F o o d  Sci. 3 9 ,  2 7 2 - 2 7 5  ( 1 9 7 4 ) -  
V a lu e s  o f  m a n y  b io lo g ic a l ,  c h e m ic a l  a n d  p h y s ic a l  f a c to r s  a p p r o a c h  th e i r  
r e s p e c t iv e  e q u i l i b r iu m  s t a t e  v a lu e s  w h e n  c o n s t a n t  r e a c t iv e  p o t e n t i a l s  a re  
a p p l ie d  t o  th e s e  f a c to r s .  T h e s e  e q u i l i b r iu m  s t a t e  v a lu e s  a re  f r e q u e n t ly  
r e q u i r e d  f o r  a n a ly z in g  th e i r  t r a n s i e n t  p r o c e s s e s .  M a th e m a t ic a l  a n a ly s e s  o f  
a v a i la b le  d a t a  o n  t r a n s i e n t  s t a t e  v a lu e s  o f  v a r io u s  f a c to r s  r e v e a le d  th a t  
m o s t  o f  th e s e  v a lu e s  c o u ld  b e  e s t i m a t e d  b y  u s in g  a n  e x p o n e n t i a l  f o r m u la .  
A  p r o c e d u r e  w a s  d e v e lo p e d  f o r  t h e  r e l ia b le  p r e d i c t i o n  o f  e q u i l i b r iu m  
v a lu e s  th r o u g h  th e  p r o p e r  a p p l i c a t i o n  o f  t h e  f o r m u la  t o  t r a n s i e n t  s t a t e  
v a lu e s . F o r  th is  d e v e l o p m e n t ,  i t  w a s  a s s u m e d  t h a t  t r a n s ie n t  s t a t e  v a lu e s  
w e re  g iv e n  a t  e q u a l  t im e  in te r v a l s .  A c c o r d in g  to  a  n u m b e r  o f  e x p e r i 
m e n ta l  c o m p u t a t i o n s ,  e r r o r s  o f  e q u i l i b r iu m  s t a t e  v a lu e s  p r e d i c t e d  b y  th e  
d e v e lo p e d  p r o c e d u r e  w e re  le ss  t h a n  5 % . T h e  p r o c e d u r e  e s t i m a te d  e q u i l i b 
r iu m  v a lu e s  w i th  le s s  t h a n  5 0 %  th e  t im e  e f f o r t  r e q u i r e d  b y  c o n v e n t io n a l  
p ro c e d u r e s  a n d  w ill b e  o f  g r e a t  u s e  f o r  r e l i a b ly  p r e d i c t i n g  e q u i l ib r iu m  
s ta t e  v a lu e s ,  e s p e c ia l ly  w h e n  a  f a c t o r  c o n v e r g e s  v e ry  s lo w ly  to  i ts  e q u i l i b 
r iu m  c o n d i t i o n .

EVALUATION OF THERMAL PROCESSES FOR CONDUCTION 
HEATING FOODS IN PEAR-SHAPED CONTAINERS. J .E .  M A N S O N ,
C .R .  S T U M B O  &  J .W . Z A H R A D N IK . J. F o o d  Sci. 3 9 ,  2 7 6 - 2 8 1
( 1 9 7 4 ) - A  n u m e r i c a l  m o d e l  w a s  d e v e l o p e d  t o  s t u d y  t r a n s i e n t  h e a t  c o n 
d u c t i o n  jn  a  p e a r - s h a p e d  c a n .  T h e  m o d e l  w a s  e x t e n d e d  t o  p e r f o r m  b a c 
t e r i a l  l e t h a l i t y  a n d  n u t r i e n t  r e t e n t i o n  c a l c u l a t i o n s  f o r  f o o d s  p r o c e s s e d  in  
p e a r - s h a p e d  c o n ta in e r s .  T r a n s i e n t  t e m p e r a t u r e  d i s t r i b u t i o n s  a n d  l e th a l i t y  
p r e d i c t i o n s  o b t a i n e d  f r o m  t h e  n u m e r i c a l  m o d e l  w h e n  a p p l ie d  t o  f i n i t e  
c y l in d e r s ,  c o m p a r e d  f a v o r a b ly  w i th  p r e v io u s ly  a c c e p t e d  s o lu t io n s .  C a lc u 
l a t i o n s  o f  i n t e g r a t e d  F s v a lu e s  o f  p ro c e s s e s  f o r  p e a r - s h a p e d  c o n ta in e r s  
i n d i c a t e d  u p  to  5 0 %  o v e r p r o c e s s in g  b y  t h e  s in g le  p o i n t  l e t h a l i t y  c o n c e p t .  
A n  “ e q u iv a l e n t  c y l i n d e r ”  w a s  d e f in e d  a s  o n e  h a v in g  a  g e o m e t r y  i n d e x  
a n d  c h a r a c t e r i s t i c  h e a t  t r a n s f e r  l e n g th  c o r r e s p o n d in g  t o  t h o s e  o f  a  p e a r -  
s h a p e d  c o n ta in e r .  P r o c e s s  e v a l u a t io n s  f o r  “ e q u iv a l e n t  c y l i n d e r s ”  w e r e  in  
a g r e e m e n t  w i th  s o lu t io n s  o b t a in e d  f o r  t h e  p e a r - s h a p e d  m o d e l .

CHARACTERIZATION OF MECHANICALLY DEBONED HOT AND 
COLD MUTTON CARCASSES. R .A . F I E L D ,  M .L . R IL E Y  &  M .H . 
C O R B R ID G E . J. F o o d  Sci. 3 9 ,  2 8 2 - 2 8 4  ( 1 9 7 4 ) - B o n e  f r o m  o n e  s id e  o f  
c h i l le d  m u t t o n  c a r c a s s e s  a n d  b o n e  f r o m  o n e  s id e  o f  h o t  m u t t o n  c a r c a s s e s  
w e re  p h y s ic a l ly  s e p a r a t e d  b y  h a n d  w h ile  t h e  o t h e r  s id e s  w e re  m e c h a n i 
c a l ly  d e b o n e d .  Y ie ld  o f  b o n e le s s  c a r c a s s  w a s  s im ila r  f o r  h o t  m a c h in e 
b o n e d  a n d  h o t  h a n d - b o n e d  c a r c a s s e s .  C o ld  m a c h in e - b o n e d  c a r c a s s e s  h a d  a 
s l ig h t ly  lo w e r  y ie ld  o f  le a n  m e a t  t h a n  c o ld  h a n d - b o n e d  c a r c a s s e s .  A p p r o x 
im a te  a n a ly s is  o f  m e a t  f r o m  c o ld  h a n d - b o n e d ,  c o ld  m a c h in e - b o n e d ,  h o t  
h a n d - b o n e d  a n d  h o t  m a c h in e - b o n e d  c a r c a s s e s  w a s  s im i la r .  H o w e v e r ,  c a l 
c iu m  a n d  h y d r o x y p r o l i n e  c o n t e n t s  w e re  lo w e r  fo r  h o t  m a c h in e - b o n e d  
th a n  f o r  c o ld  m a c h in e - b o n e d  c a r c a s s e s .  E m u ls io n  s t a b i l i t y  a n d  t o t a l  p ig 
m e n t  c o n c e n t r a t i o n  w e re  h ig h e r  f o r  m e c h a n ic a l ly  d e b o n e d  m e a t .  O r g a n o 
l e p t i c  e v a l u a t io n s  f a v o re d  b o lo g n a  m a d e  w i th  h a n d - b o n e d  m e a t .

INFLUENCE OF YIELD ON CALCIUM CONTENT OF MECHANI
CALLY DEBONED LAMB AND MUTTON. R .A . F I E L D ,  M L  R IL E Y  &  
M .H . C O R B R I D G E .  J. F o o d  Sci. 3 9 ,  2 8 5 —2 8 7  ( 1 9 7 4 ) - M u t t o n  c a r c a s s e s  
a n d  l a m b  c a r c a s s  c u t s  w e r e  m e c h a n ic a l ly  d e b o n e d  a t  d i f f e r e n t  s e t t in g s  t o  
g ive  v a r ia b le  y ie ld s  o f  m e c h a n ic a l ly  d e b o n e d  m e a t .  H ig h e r  y ie ld s  o f  
m e c h a n ic a l ly  d e b o n e d  m e a t  w e re  r e l a t e d  t o  h ig h e r  c a l c iu m  a n d  f a t  p e r 
c e n ta g e s .  L a m b  b r e a s t s  h a d  t h e  lo w e s t  b o n e  p e r c e n t a g e  o f  a n y  o f  t h e  c u t s  
a n d  th e  m e c h a n ic a l ly  d e b o n e d  m e a t  f r o m  b r e a s t s  h a d  t h e  lo w e s t  c a lc iu m  
c o n t e n t  w h e n  c o m p a r e d  t o  d e b o n e d  m e a t  f r o m  o t h e r  l a m b  c u t s  o r  
m u t t o n  c a r c a s s e s .  N e c k s  h a d  t h e  h ig h e s t  b o n e  p e r c e n t a g e  a n d  th e  h ig h e s t  
c a l c iu m  c o n t e n t  in  t h e  m e c h a n ic a l ly  d e b o n e d  m e a t .  D a ta  a r e  p r e s e n te d  
w h ic h  s h o w  t h a t  m e c h a n ic a l ly  d e b o n e d  m e a t  is  n o t  h o m o g e n o u s  a s  i t  is 
e x t r u d e d  f r o m  th e  c y l in d e r .  P a la t a b i l i t y  o f  b o lo g n a  m a d e  w i th  m e c h a n i 
c a l ly  d e b o n e d  m e a t  i n c r e a s e d  a s  t h e  s iz e  o f  c y l in d e r  h o le s  t h r o u g h  w h ic h  
th e  m e a t  w a s  e x t r u d e d  d e c r e a s e d .

EFFECTS OF SOY CURD ON THE ACCEPTABILITY AND CHARAC
TERISTICS OF BEEF PATTIES. V . Y E O , G .H .  W E L L IN G T O N  &  K .H . 
S T E IN K R A U S . J. F o o d  Sci. 3 9 ,  2 8 8 - 2 9 2  ( 1 9 7 4 ) - S o y  c u r d - b e e f  p a t t i e s  
w e re  m a d e  c o n ta in in g  0 % , 5 % , 1 0 % , 2 0 % , 7 5 %  a n d  1 0 0 %  ( w /w )  o f  c u r d s  
w h ic h  h a d  b e e n  p r e s s e d  a t  3 0 0  p s i ,  6 0 0  p s i a n d  1 1 0 0  p s i  d u r in g  m a n u f a c 
tu r e .  T a s te  p a n e l  t e s t s  s h o w e d  t h a t  b y  in c r e a s in g  p r e s s u r e  o n  th e  s o y  c u rd  
o r  b y  t h e  a d d i t i o n  o f  f la v o r in g  to  th e  c u r d  b e f o r e  p a t t y  f o r m a t i o n ,  in 
c re a s e s  in  s o y  c o n c e n t r a t i o n  b e c a m e  le ss  d e t e c t a b l e  a n d  t h e  a c c e p ta b i l i t y  
o f  t h e  p a t t i e s  w a s  d r a s t i c a l ly  in c r e a s e d .  S o y  c u r d - b e e f  p a t t i e s  m a d e  w i th  
1100 p s i  c u r d  a n d  w i th  c o lo r  a n d  f la v o r  a d d e d  w e re  f a v o r a b ly  a c c e p te d  
e v e n  a t  le v e ls  a s  h ig h  a s  7 5 %  c u r d  ( w /w ) .  T h e  e a s y  d e t e c t a b i l i t y  o f  f la 
v o r e d  s o y  in  p a t t i e s  d id  n o t  g r e a t ly  c h a n g e  t h e  h ig h  a c c e p ta b i l i t y  o f  th e  
p a t t i e s .  T h e  c h e m ic a l  c o m p o s i t i o n ,  f u n c t i o n a l  c h a r a c t e r i s t i c s  a n d  p h y s ic a l  
p r o p e r t i e s  o f  t h e  s o y - b e e f  p a t t i e s  w e re  a ls o  s tu d ie d .

SPECIFICITY OF LIPOLYSIS DURING DRY SAUSAGE RIPENING.
D . D E M E Y E R , J .  H O O Z E E  &  H . M E S D O M . J. F o o d  Sci. 3 9 ,  2 9 3 - 2 9 6
( 1 9 7 4 ) - T h e  a m o u n t s  o f  t o t a l  a n d  in d iv id u a l  f a t t y  a c id s  p r e s e n t  in  t r i 
g ly c e r id e s  (T G ) ,  f r e e  f a t t y  a c id s  ( F F A ) ,  d ig ly c e r id e s  (D G ) ,  m o n o g ly c e r 
id e s  (M G ) a n d  p o la r  l ip id s  (P L )  w e re  d e t e r m in e d  a t  v a r io u s  s ta g e s  o f  d ry  
s a u s a g e  r ip e n in g  u s in g  a  c o m b i n a t i o n  o f  t h i n  l a y e r  a n d  g a s  c h r o m a to g 
r a p h y .  T o t a l  F F A  in c r e a s e d  f r o m  1 t o  5 %  o f  t o t a l  f a t t y  a c id s  a n d  D G  
f a t t y  a c id s  f r o m  0 .5  t o  4 % , w h e re a s  T G  f a t t y  a c id s  s h o w e d  a  c o r r e s p o n d 
in g  d e c r e a s e .  T h e  r a t e  o f  l i b e r a t i o n  o f  F F A  w a s  in  t h e  o r d e r  1 8 :2  >  1 8 :1  
>  1 8 :0  >  1 6 :0  w h ile  M G  a n d  D G  w e re  e n r i c h e d  in  1 6 :0 .  T h e s e  re s u l ts  
s u g g e s t  s p e c i f i c i ty  o f  l ip o ly s is .
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ABSTRACTS:
I N  T H I S  I S S U E

STOICHIOMETRY OF CARBOHYDRATE FERMENTATION DURING 
DRY SAUSAGE RIPENING. A . D e  K E T E L A E R E ,  D . D E M E Y E R , P. 
V A N D E K E R C K H O V E  &  I. V E R V A E K E . J. Food Sci. 3 9 ,  2 9 7 - 3 0 0  
( 1 9 7 4 ) - D u r i n g  r ip e n in g  o f  d r y  s a u s a g e ,  d i s a p p e a r a n c e  o f  c a r b o h y d r a t e s  
a n d  p r o d u c t i o n  o f  l a c t a t e ,  v o la t i l e  f a t t y  a c id s ,  p y r u v a t e  a n d  c a r b o n y ls  
w a s  fo l l o w e d .  W h e n  e x p re s s e d  a s  m m o le s /  lO O g o f  d r y  m a t t e r ,  c a r b o h y 
d r a t e  d i s a p p e a r a n c e  (c a .  1 0  m m o le s / lO O g  d r y  m a t t e r )  c o u ld  b e  a c c o u n te d  
f o r  b y  p r o d u c t i o n  o f  l a c t a t e  ( c a .  17 m m o le s )  a n d  a c e t a t e  ( c a .  2  m m o le s )  
in  tw o  s im ila r  e x p e r im e n t s .  N o  d i f f e r e n c e s  w e re  o b s e r v e d  d u e  to  th e  
p r e s e n c e  o f  a  s t a r t e r  c u l tu r e  in  o n e  e x p e r im e n t .  In  a th i r d  e x p e r im e n t ,  
c a r b o h y d r a t e  d i s a p p e a r a n c e  (c a .  16  m m o le s )  c o u ld  o n ly  p a r t l y  b e  a c 
c o u n t e d  f o r  b y  l a c t a t e  (c a .  19  m m o le s )  a n d  a c e t a t e  (c a .  2  m m o le s )  p r o 
d u c t i o n .  O x id a t iv e  d i s s im i la t io n  o f  c a r b o h y d r a t e s  b y  m ic r o c o c c i  d u r in g  
th e  e a r ly  s ta g e s  o f  r ip e n in g  in  t h e  t h i r d  e x p e r i m e n t  is  o f f e r e d  a s  p o s s ib le  
e x p la n a t io n .

CHANGES IN NONPROTEIN NITROGEN COMPOUNDS DURING 
DRY SAUSAGE RIPENING. N . D I E R I C K ,  P . V A N D E K E R C K H O V E  & 
D . D E M E Y E R . / .  Food Sci. 3 9 ,  3 0 1 - 3 0 4  ( 1 9 7 4 ) - C o n c e n t r a t i o n  c h a n g e s  
f o r  a m m o n ia ,  t o t a l  a n d  in d iv id u a l  f r e e  a m in o  a c id s ,  t o t a l  p e p t id e s ,  n u 
c le o t id e s ,  n u c le o s id e s  a n d  s o m e  in d iv id u a l  a m in e s  w e re  f o l l o w e d  d u r in g  
r ip e n in g  o f  d r y  s a u s a g e ,  w i th  a n d  w i t h o u t  “ s t a r t e r  c u l t u r e . ”  A  d e c r e a s e  
w a s  o b s e r v e d  f o r  p e p t id e s ,  n u c l e o t id e s ,  g lu ta m ic  a c id ,  h i s t i d in e ,  ty r o s in e  
a n d  o r n i t h i n e ,  a n  in c r e a s e  f o r  a ll o t h e r  c o m p o u n d s ,  b e in g  m o s t  in te n s e  
f o r  t o t a l  f r e e  a m in o  a c id s  d u r in g  th e  f i r s t  d a y s  o f  r ip e n in g .  T h e  r a t e  o f  
f r e e  a m in o  a c id  p r o d u c t i o n  e x c e e d e d  th e  r a t e  o f  a m m o n ia  p r o d u c t i o n .  
T h e  p r e s e n c e  o f  a  s t a r t e r  c u l tu r e  i n t e n s i f i e d  f r e e  a m in o  a c id  p r o d u c t i o n  
a n d  p e p t i d e  d i s a p p e a r a n c e .  A  t e n f o ld  in c r e a s e  in  t h e  c o n c e n t r a t i o n s  o f  
h i s t a m in e ,  t y r a m in e  a n d  p u t r e s c i n e  w a s  o b s e r v e d  in  t h e  p r e s e n c e  o f  a 
s t a r t e r  c u l tu r e .

THE ROLE OF LIGHT AND SURFACE BACTERIA IN THE COLOR 
STABILITY OF PREPACKAGED BEEF. L .D . S A T T E R L E E  &  W . 
H A N S M E Y E R . J. Food Sci. 3 9 ,  3 0 5 - 3 0 8  ( 1 9 7 4 ) - W h e n  i n t a c t  b e e f  w a s  
p a c k a g e d  in  a  P V C  f i lm ,  s to r e d  a t  5 ° C  a n d  i l l u m i n a t e d  w i th  2 5 0  f t - c  l ig h t ,  
a  s ig n i f i c a n t  a l t e r a t i o n  in  c o lo r  s t a b i l i t y  w a s  o b s e r v e d  w h e n  c o m p a r e d  to  
s to r a g e  in  th e  d a r k .  F lu o r e s c e n t  l ig h ts ,  e m i t t i n g  l ig h t  o f  lo w e r  w a v e 
le n g th s ,  w e r e  m o s t  d e t r i m e n t a l  t o  c o lo r ,  in  c o m p a r i s o n  to  in c a n d e s c e n t  
l ig h ts .  U p o n  p ro lo n g e d  s to r a g e  la rg e  b a c t e r ia l  n u m b e r s  o n  th e  s u r f a c e  
c r e a t e d  a  r e d u c in g  e n v i r o n m e n t  a n d  c a u s e d  t h e  c o n v e r s io n  o f  s u r f a c e  
M e tM b  to  r e d u c e d  M b , w h ic h  w a s  r e s p o n s ib le  f o r  t h e  p u r p le  c o lo r  t h a t  
d e v e lo p e d .  G e l  e l e c t r o p h o r e s i s  in d ic a te d  t h a t  n o  s ig n i f i c a n t  a l t e r a t i o n s  
o c c u r r e d  in  t h e  s t r u c t u r e  o f  m y o g lo b in  o r  h e m o g lo b in  ( c o lo r  p ig m e n ts )  
u p o n  s to r a g e  a t  5 ° C  f o r  a s  lo n g  as 1 8  d a y s .  C o lo r  i n s t a b i l i t y  o f  m e a t  
s to r e d  u n d e r  s o f t  w h i te  f lu o r e s c e n t  l ig h t  is  a lm o s t  e n t i r e ly  d u e  to  th e  
e f f e c t  o f  th e  l i g h t ,  w h e re a s  c o lo r  i n s t a b i l i t y  w h e n  s to r e d  u n d e r  in c a n d e s 
c e n t  l ig h t  is  d u e  t o  a  c o m b in a t io n  o f  l ig h t  e n e r g y  a n d  b a c t e r i a l  g r o w th .

CONTINUOUS MICROWAVE STERILIZATION OF MEAT IN FLEX
IBLE POUCHES. J .A .  A Y O U B , D . B E R K O W I T Z , E .M . K E N Y O N  &  C .K . 
W A D S W O R T H . J. Food Sci. 3 9 ,  3 0 9 - 3 1 3  '( 1 9 7 4 ) —F e a s ib i l i ty  s tu d ie s  
o r ig i n a t e d  e a r l i e r  in  th is  l a b o r a t o r y ,  o n  m ic ro w a v e  e n e r g y  th e r m a l  p r o c 
e s s in g  o f  f o o d s ,  w e re  c o n t i n u e d .  A  m e a n s  o f  m e a s u r in g  t e m p e r a t u r e  d is 
t r i b u t i o n ,  a s  w e ll  a s  a  p h o t o m e t r i c  m e t h o d  f o r  d e t e r m in in g  t i m e / t e m p e r a 
tu r e  i n t e g r a t i o n  w i th in  th e r m a l ly  p ro c e s s e d  f o o d s ,  w e re  d e v e lo p e d .  A  
k n o w le d g e  o f  t h e  p ro c e s s in g  p a r a m e te r s  in v o lv e d  in  th e  p r e s e r v a t i o n  o f  
f o o d s  b y  m ic ro w a v e  e n e r g y  w a s  o b ta in e d .  F e a s ib i l i ty  o f  t h e  p r o c e s s  w a s  
d e m o n s t r a t e d .

EFFECT OF FRYING AND OTHER COOKING CONDITIONS ON 
NITROSOPYRROLIDINE FORMATION IN BACON. J .W . P E N S A - 
B E N E , W . F I D D L E R ,  R .A . G A T E S , J .C .  F A G A N  &  A .E . W A S S E R M A N . 
J. Food Sci. 3 9 ,  3 1 4 - 3 1 6  ( 1 9 7 4 ) - N i t r o s o p y r r o l i d i n e  (N O -P y r )  f o r m a 
t io n  in  b a c o n  is  p r im a r i ly  d e p e n d e n t  o n  f r y in g  t e m p e r a t u r e  a n d  n o t  t im e .

C o o k in g  m e t h o d s  a f f e c t  t h e  a m o u n t  o f  N O -P y r  f o r m e d :  p a n  f r y in g  
p r o d u c e s  t h e  h ig h e s t  le v e l o f  N O -P y r  w i th  v a r ia b le  c o n c e n t r a t i o n s  f o r m e d  
o n  b a k in g ,  b r o i l in g  a n d  c o o k in g  in  a  “ b a c o n e r . ”  M ic ro w a v e  o v e n  t r e a t 
m e n t  p r o d u c e d  t h e  l o w e s t  a m o u n t  o f  N O -P y r .  A  m o d e l  s y s te m  s t u d y  o f  
t h e  d e c a r b o x y l a t i o n  o f  n i t r o s o p r o l i n e  s h o w s  th i s  p r e c u r s o r ,  w h ic h  m a y  
b e  p r e s e n t  in  b a c o n ,  is  m a x im a l ly  c o n v e r t e d  t o  N O -P y r  a t  1 8 5 ° C ,  n e a r  
th e  r e c o m m e n d e d  t e m p e r a t u r e  f o r  f r y in g .

RELATIONSHIP OF AGE TO GENERAL COMPOSITION, SKIN 
THICKNESS, PHOSPHOLIPID CONTENT AND ENZYMATIC ACTIV
ITY IN TURKEYS. R .M . W A N G E N  &  W .W . M A R IO N . J. Food Sci. 3 9 ,  
3 1 7 - 3 2 0  ( 1 9 7 4 ) - M e a t  s a m p le s  f r o m  L a rg e  W h ite  m a le  t u r k e y s ,  t a k e n  a t
4 -w k  in te r v a l s  b e tw e e n  1 2  a n d  2 4  w k ,  i n d i c a t e d  t h a t  “ f i n i s h , ”  e s t i m a t e d  
b y  m e a s u r in g  s k in  th ic k n e s s ,  in c r e a s e d  s ig n i f i c a n t ly  b e t w e e n  2 0  a n d  2 4  
w k . T h e  a m o u n t s  o f  m o i s tu r e  a n d  l ip id s ,  b u t  n o t  p r o t e i n ,  c h a n g e d  w i th  
a g e  o f  t u r k e y s .  T h e  p h o s p h o l ip id  p o r t i o n  o f  t o t a l  l ip id  a ls o  c h a n g e d  
(d e c r e a s e d )  w i t h  in c r e a s in g  a g e . M e a n s  f o r  l a c t a t e  d e h y d r o g e n a s e  a n d  
( 3 - h y d r o x y b u ty r a te  d e h y d r o g e n a s e  g e n e r a l ly  w e re  s m a l le r  f o r  P e c to r a l i s  
m a jo r  t h a n  f o r  B ic e p s  f e m o r i s  o r  G a s t r o c n e m iu s .  G lu c o s e - 6 - p h o s p h a te  
d e h y d r o g e n a s e  a n d  6 - p h o s p h o g lu c o n a t e  d e h y d r o g e n a s e  w e re  d e t e c t e d  
o n ly  o n  o c c a s io n  in  t h e  m u s c le s  u s e d .  V a r i a t i o n  in  t h e  e n z y m a t i c  a c t i v i t y  
a n d  th e  c o m p o s i t i o n  o f  m u s c l e s  im p ly  d i f f e r e n c e s  in  t h e  c a p a b i l i t y  o f  
m u s c le s  t o  a c c u m u la t e  l ip id  a s  t h e  t u r k e y  in c r e a s e s  in  a g e .

EFFECT OF ESSENTIAL MINERALS ON CADMIUM TOXICITY. A 
R e v ie w . M .R . S P IV E Y  F O X , J. Food Sci. 3 9 ,  3 2 1 - 3 2 4  ( 1 9 7 4 ) — 
C a d m iu m  ( C d )  is  a to x i c  e l e m e n t  t h a t  h a s  n o  k n o w n  b e n e f i c i a l  e f f e c t s  in  
liv in g  o rg a n is m s .  A t  le v e ls  s e v e ra l- fo ld  a b o v e  th e  a v e r a g e  i n t a k e  o f  5 0  
iu g /d a y  f o r  m a n  in  th e  U .S .,  C d  c a n  in t e r f e r e  w i th  t h e  m e ta b o l i s m  o f  th e  
e s s e n t ia l  e l e m e n t s  i r o n ,  c a l c iu m , z in c ,  m a n g a n e s e  a n d  c o p p e r .  A n ta g o 
n is m  o f  th e  f i r s t  tw o  e l e m e n t s  h a s  b e e n  o b s e r v e d  in  m a n  a n d  th e  la s t  
th r e e  in  e x p e r im e n ta l  a n im a ls  o n ly .  W h e n  C d  w a s  fe d  t o  y o u n g  J a p a n e s e  
q u a i l  a t  le v e ls  r a n g in g  f r o m  0 .7 8  to  8 0  m g /k g  d i e t ,  C d  w a s  m a r k e d ly  
c o n c e n t r a t e d  in  d u o d e n a l  t is s u e  a t  t h e  lo w e s t  i n t a k e  le v e ls . M a x im a l  d u o 
d e n a l  C d  c o n c e n t r a t i o n s  w e re  o b t a i n e d  w i th  2 0  m g  C d /k g  d i e t .  D ie ta r y  
C d  c a u s e d  d e c r e a s e d  c o n c e n t r a t i o n s  o f  e s s e n t ia l  m in e r a l  e l e m e n t s  in  d u o 
d e n a l  a n d  o t h e r  t i s s u e s .  A  m a jo r  e f f e c t  o f  h ig h  le v e ls  o f  d i e t a r y  C d  
a p p e a r s  t o  b e  i n t e r f e r e n c e  w i th  a b s o r p t i o n  o f  e s s e n t ia l  m in e ra ls .  E x c e s s  
d ie ta r y  i n t a k e s  o f  e s s e n t ia l  m in e ra ls  c a n  e i t h e r  d e c r e a s e  o r  e l im in a t e  s o m e  
o f  th e s e  e f f e c t s  o f  C d ,  a s  w e ll  a s  r e s u l t  in  d e c r e a s e d  C d  c o n c e n t r a t i o n s  in  
t h e  k id n e y ,  a  t a r g e t  o rg a n  f o r  C d  a c c u m u la t io n  a n d  f u n c t i o n a l  d a m a g e .  
E n v i r o n m e n ta l  t o x i c a n t s  s u c h  a s  C d  c a n n o t  b e  c o m p le t e l y  a v o id e d .  I t  is 
i m p o r t a n t ,  t h e r e f o r e ,  t o  d e f in e  lo w  i n t a k e  le v e ls  o f  e s s e n t ia l  n u t r i e n t s  a t  
w h ic h  t o x i c i t y  o f  C d  is e x a c e r b a t e d  a n d  h ig h  in ta k e  le v e ls  o f  e s s e n t ia l  
n u t r i e n t s  a t  w h ic h  to x i c i t y  o f  C d  is  m in im iz e d .

COLOR OF ANTHOCYANIN SOLUTIONS EXPRESSED IN LIGHT
NESS AND CHROMATICITY TERMS. Effect of  pH a n d  Type of Antho- 
cyanin. J .P .  V A N  B U R E N , G . H R A Z D I N A  &  W .B . R O B I N S O N . J. Food 
Sci. 3 9 ,  3 2 5 - 3 2 8  ( 1 9 7 4 ) - T h e  c o m b in e d  e f f e c t s  o f  p H  ( 3 . 0 —3 .8 )  a n d  
a n t h o c y a n i n  c o n c e n t r a t i o n  o n  th e  c o lo r  a n d  s p e c t r a l  c h a r a c t e r i s t i c s  o f  
a q u e o u s  s o lu t io n s  w e re  s tu d ie d  w i th  a n u m b e r  o f  a n t h o c y a n i n  g lu c o s id e s .  
C o lo r  d a t a ,  o b t a i n e d  w i th  a  H u n te r  C o lo r  M e te r ,  w e re  t r e a t e d  b y  p l o t t i n g  
th e  “ L ”  v a lu e s  a g a in s t  t h e  c o r r e s p o n d in g  “ a , ”  “ b , ”  h u e  a n g le  a n d  s a t u r a 
t i o n  c h r o m a t i c i t y  v a lu e s ,  s h o w in g  t h a t  m a x im u m  c h r o m a t i c i t y  v a lu e s  o c 
c u r r e d  a t  m id d le  “ L ”  v a lu e s ,  a n d  t h a t  th e s e  c h r o m a t i c i t y  v a lu e s  w e re  
in c r e a s e d  w h e n  t h e  p H  w a s  d e c r e a s e d .  T h e  p r e d o m i n a n t l y  r e d  h u e s  o f  
a n t h o c y a n i n  s o lu t io n s  h a d  m o r e  p u r p l e  c h a r a c t e r  a t  v e ry  lo w  o r  v e ry  h ig h  
“ L ”  v a lu e s ,  a n d  w h e n  th e  p H  w a s  ra is e d ,  o r  th e  a n t h o c y a n i n  h a d  a  g r e a te r  
d e g re e  o f  h y d r o x y l a t i o n  o r  m e t h o x y l a t i o n  o r  w h e n  t h e  a n t h o c y a n i n  w a s  
g ly c o s y l a t e d  in  t h e  5 p o s i t i o n  a s  w e ll  a s  t h e  3 p o s i t i o n .  T h e  r a n g e  o f  h u e s ,  
f r o m  o ra n g e  to  p u r p l e ,  o b t a in a b le  w i th  in d iv id u a l  a n t h o c y a n i n s  w a s  d e 
p e n d e n t  o n  th e  t y p e  o f  a n t h o c y a n i n .  A t  e q u a l  c o n c e n t r a t i o n s  a n d  p H  th e  
3 - m o n o g lu c o s id e s  g a v e  d a r k e r  s o lu t io n s  ( l o w e r  “ L ”  v a lu e s )  t h a n  3 ,5 -  
d ig lu c o s id e s .  W a v e le n g th s  o f  m a x im u m  a b s o r b a n c e  d e c r e a s e d  a s  t h e  a n -
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t h o c y a n in  c o n c e n t r a t i o n  in c r e a s e d .  T h e  r e s u l t s  m ig h t  f in d  a p p l i c a t i o n  in  
s ta n d a r d i z in g  th e  c o lo r  o f  b e v e r a g e s  c o n ta in in g  a n th o c y a n in s .

A N T H O C Y A N I N S  IN  B A R B E R A  G R A P E S . H .C . S A K E L L A R I A D E S  &
B .S . L U H . J. F o o d  S c i. 3 9 ,  3 2 9 - 3 3 3  ( 1 9 7 4 ) - T h e  a n t h o c y a n i n s  o f  B a r-  
b e r a  g ra p e s  w e re  e x t r a c t e d  w i th  m e t h a n o l  c o n ta in in g  0 .1 %  HC1 a n d  p u r i 
f ie d  b y  a d s o r p t io n  o n  c a t io n - e x c h a n g e  re s in .  T h e  in d iv id u a l  p ig m e n ts  
w e re  s e p a r a te d  b y  p a p e r  c h r o m a to g r a p h y .  T h e  a n t h o c y a n i n s  w e r e  i d e n t i 
f ie d  b y  th e i r  R f  v a lu e s ,  s u g a r  m o i e t y ,  a lk a l in e  d e g r a d a t io n  p r o d u c t s  a n d  
s p e c t r a l  c h a r a c te r i s t i c s .  T h e  p ig m e n ts  w e re  i d e n t i f i e d  a s  d e lp h in id in - 3 -  
m o n o g lu c o s id e ,  c y a n i d in - 3 - m o n o g lu c o s id e  w i t h  c a f f e ic  a c id ,  p e tu n id in - 3 -  
m o n o g l u c o s i d e ,  c y a n i d in - 3 - m o n o g lu c o s id e  w i th  p - c o u m a r ic  a c id ,  
m a lv id in - 3 - m o n o g lu c o s id e ,  m a lv id in - 3 - m o n o g lu c o s id e  w i th  p - c o u m a r ic  
a c id ,  p e o n id in - 3 - m o n o g lu c o s id e ,  p e o n id in - 3 - m o n o g lu c o s id e  ( a c y l a t e d )  
a n d  m a lv id in - 3 - m o n o g lu c o s id e  ( a c y l a t e d ) .  K n o w le d g e  o f  t h e  c o m p o s i t i o n  
a n d  i n h e r i t a n c e  p a t t e r n  o f  t h e  a n t h o c y a n i n  p ig m e n ts  in  g ra p e s  is e x t r e m e 
ly  v a lu a b le  to  t h e  p l a n t  b r e e d e r s  in  d e v e lo p in g  n e w  g r a p e  v a r ie t i e s  w i th  
th e  d e s i r a b l e  c h a r a c t e r i s t i c s .  B a r b e r a  g r a p e s  m a y  b e  u s e d  f o r  b le n d in g  
w i th  o t h e r  v a r ie t i e s  p o o r  in  r e d  c o lo r  t o  m a k e  r e d  w in e s  o f  m o r e  a t t r a c 
tiv e  c o lo r .

C O L O R  S T A B I L IT Y  O F  B E T A N I N . J .H .  v o n  E L B E , 1-Y. M A IN G  &  C .H . 
A M U N D S O N . J. F o o d  S c i. 3 9 ,  3 3 4 - 3 3 7  ( 1 9 7 4 ) - S o m e  c h e m ic a l  a n d  
p h y s ic a l  f a c to r s  w e re  e v a lu a te d  f o r  t h e i r  e f f e c t s  o n  s t a b i l i t y  o f  b e t a n in  in  
m o d e l  s y s te m s  a n d  in  b e e t  ju i c e .  R e s u l t s  i n d ic a te  t h a t  t h e  s t a b i l i t y  o f  
b e t a n in  c o lo r  is  p H  s e n s i t iv e  a n d  g e n e r a l ly  is le ss  t h a n  t h a t  o f  a r t i f i c ia l  
d y e s .  T h e  c o lo r  o f  b e t a n in  is  m o s t  s t a b l e  b e tw e e n  p H  4 .0  a n d  6 .0 .  
T h e r m o s ta b i l i t y  o f  b e t a n i n  w a s  p H  d e p e n d e n t  a n d  w a s  g r e a te s t  b e tw e e n  
p H  4 .0  a n d  5 .0 .  T h e  h a lf - l i f e  o f  b e t a n i n  a t  p H  5 .0  a n d  1 0 0 ° C  w a s  1 4 .5  
m in ,  a n d  in c r e a s e d  in  a n  u n p r o t e c t e d  m o d e l  s y s te m  to  1 1 5 0  m in  a t  2 5 ° C . 
T h e  r a t e  a t  w h ic h  b e t a n in  d e g r a d e d  in  m o d e l  s y s te m s  w a s  a f f e c t e d  b y  a ir  
a n d / o r  l ig h t .  T h e  c u m u la t iv e  e f f e c t  o f  th e s e  tw o  c o n d i t i o n s  w a s  a  r e d u c 
t i o n  in  th e  h a l f - l i f e  o f  b e t a n in  b y  2 8 .6 % . T h e  h a l f - l i f e  o f  b e t a n in  in  b e e t  
j u i c e  a t  p H  5 .0  w a s  g r e a te r  t h a n  in  m o d e l  s y s te m s .  D e s p i te  l im i t e d  
s ta b i l i ty  o f  b e t a n in  in  m o d e l  s y s te m s ,  t h e r e  a re  m a n y  f o o d s  in  w h ic h  
b e t a n in  c o u ld  b e  u s e d  a s  a  c o l o r a n t .  F o o d s  t o  b e  c o lo r e d  w i th  b e t a n in  
s h o u ld  h a v e  a  p H  b e tw e e n  4 .0  a n d  7 .0 ,  b e  e x p o s e d  t o  lo w  te m p e r a tu r e s  
a n d  b e  p r o t e c t e d  f r o m  a ir  a n d / o r  l ig h t  t o  a c h ie v e  m a x im u m  c o lo r  
s t a b i l i ty .

IN A C T IV A T IO N  A N D  R E G E N E R A T I O N  O F  IM M O B IL IZ E D  C A T A 
L A S E . S .S . W A N G , G .E .  G A L L I L I ,  S .G . G I L B E R T  &  J .G .  L E E D E R .  J. 
F o o d  Sci. 3 9 ,  3 3 8 - 3 4 1  ( 1 9 7 4 ) - C a t a l a s e  w a s  im m o b i l i z e d  o n  c o l la g e n  
m e m b r a n e .  T h e  i n a c t iv a t io n  o f  i m m o b i l i z e d  c a t a la s e  b y  0 .0 1  M a n d  0 .1 M  
H 2 0 2 w a s  r e p o r t e d .  A f t e r  t h e  i n i t i a l  s ta g e  o f  i n a c t iv a t io n ,  a  s t a b l e  c a ta -  
l a t i c  a c t i v i t y  a s  m e a s u r e d  in  a  c o n t i n u o u s  f lo w  o f  0 .0 1 M  H 2 0 2 t h r o u g h  a 
m o d u la r  r e a c t o r  w a s  o b s e r v e d  f o r  lo n g e r  t h a n  2 0  d a y s  ( 2 .6  m in  r e s id e n c e  
t im e ) .  T h e  r e g e n e r a t io n  o f  c a t a l a t i c  a c t iv i ty  f r o m  th e  0 .1 M  H 2 0 2 i n a c t i 
v a te d  c a t a la s e  o c c u r r e d  a f t e r  i n c u b a t in g  t h e  i n a c t iv a t e d  m o d u la r  r e a c t o r  
w i th  0 .0 1 M  p h o s p h a t e  b u f f e r ,  p H  6 .8 .  T h e  a m o u n t  o f  a c t iv i ty  r e g e n e r 
a t e d  is  d i r e c t l y  p r o p o r t i o n a l  t o  t h e  t im e  o f  i n c u b a t io n .

S C A N N IN G  E L E C T R O N  M IC R O S C O P E  S T U D I E S  O N  D R Y  B E A N S . 
E f f e c t s  o f  C o o k in g  o n  t h e  C e l lu la r  S t r u c t u r e  o f  C o ty l e d o n s  in  R e h y 
d r a t e d  L a rg e  L im a  B e a n s .  L .B . R O C K L A N D  &  F .T .  J O N E S . J. F o o d  Sci. 
3 9 ,  3 4 2 - 3 4 6  ( 1 9 7 4 ) - T h e  s c a n n in g  e l e c t r o n  m ic r o s c o p e  w a s  u s e d  to  
m a k e  a  p h o t o g r a p h i c  c o m p a r i s o n  b e tw e e n  th e  c e l lu la r  c h a r a c t e r i s t i c s  o f  
r a w ,  p a r t i a l l y  c o o k e d ,  a n d  c o m p le t e l y  c o o k e d ,  w a te r - s o a k e d  a s  w e ll  as 
q u ic k - c o o k in g  b e a n s .  T h e  c o o k in g  p r o c e s s  in v o lv e d  g e la t i n i z a t i o n  o f  
s t a r c h  g ra n u le s  c o n ta in e d  w i th in  in te g r a l  c e l l  u n i t s  a n d  c o n c u r r e n t  d i s p e r 
s io n  o f  i n t e r c e l lu l a r  c o m p o n e n t s  o f  t h e  m id d le  l a m e l la  w h ic h  f a c i l i t a t e d  
s e p a r a t i o n  o f  i n t a c t  c e l ls  w i t h o u t  r u p t u r e  o f  c e ll w a lls .  M e c h a n ic a l  
s t r e s s e s  d u e  to  s ta r c h  g e l a t i n i z a t i o n ,  p r o t e i n  d e n a t u r a t i o n ,  s w e ll in g  a n d  
h e a t  c o n v e c t io n  m a y  h a v e  p r o m o t e d  c e l l  s e p a r a t i o n .  E x c e p t  f o r  d i f f e r 
e n c e s  in  t h e  r a te s  a t  w h ic h  th e s e  p ro c e s s e s  p ro g r e s s e d  th e r e  w e r e  n o  
c o n s p ic u o u s  d i f f e r e n c e s  b e tw e e n  th e  s t r u c t u r a l  c h a r a c t e r i s t i c s  o f  t h e  
w a te r - s o a k e d  b e a n s  a n d  t h e  q u i c k - c o o k in g  b e a n s .

L -A S P A R T Y L - L -P H E N Y L A L A N I N E  M E T H Y L  E S T E R  ( A S P A R T A M E )  
A S  A  S W E E T E N E R . M .R . C L O N 1 N G E R  &  R .E .  B A L D W IN . J. F o o d  Sci. 
3 9 ,  3 4 7 _ 3 4 9  ( 1 9 7 4 )  —In  a q u e o u s  s o lu t io n s ,  L - a s p a r ty l - L - p h e n y la la n in e  
m e th y l  e s te r  ( a s p a r ta m e )  w a s  1 8 2  t im e s  s w e e te r  t h a n  2%  s u c r o s e  b u t  o n ly  
4 3  t im e s  s w e e te r  t h a n  3 0 %  s u c r o s e  a c c o r d in g  to  r a n k  a n a ly s e s  o f  s c o re s  
f r o m  2 0  ju d g e s .  In  b u f f e r  s o lu t io n s  (p H  3 .2 ) ,  p H  w a s  e le v a te d  b y  0 .0 2 5 %  
a n d  0 .1 2 %  a s p a r ta m e  a n d  n o t  b y  4 %  o r  1 2 %  s u c r o s e ,  b u t  n o  e f f e c t  o n

s w e e tn e s s  e q u iv a le n t s  o r  s o u rn e s s  w a s  d e t e c t e d .  S w e e tn e s s  o f  0 .0 2 5 %  
a s p a r t a m e  w a s  e n h a n c e d  b y  g e la t in  ( 1 .5 % )  a n d  m e th o c e l  (1 % ). E n h a n c e 
m e n t  a ls o  o c c u r r e d  w h e n  g e la t in  w a s  c o m b in e d  w i th  0 .1 2 %  a s p a r ta m e .  
S w e e tn e s s  r a n k s  w e re  n o t  s ig n i f i c a n t ly  a f f e c t e d  b y  1%  c a r b o x y m e th y l -  
c e l lu lo s e  o r  g u m  a r a b ic .  V is c o s i ty  w a s  n o t  a  r e l i a b le  i n d i c a t o r  o f  d i f f e r 
e n c e s  in  s e n s o ry  r e s p o n s e  f o r  t h ic k n e s s .

C A R B O N Y L  R E T E N T I O N  IN  M O D E L  S Y S T E M S  A N D  B E R M U D A  
O N IO N  J U I C E  D U R I N G  L Y O P H I L I Z A T I O N :  E F F E C T  O F  S IM P L E  
C A R B O H Y D R A T E S ,  B I N A R Y  C A R B O H Y D R A T E  M I X T U R E S  A N D  
S U C R O S E  IN V E R S I O N . R .P .  O F C A R C 1 K  &  E .E .  B U R N S . J. F o o d  Sci. 
3 9 ,  3 5 0 - 3 5 3  ( 1 9 7 4 ) - I n f o r m a t i o n  le a d in g  to  t h e  i m p r o v e m e n t  a n d  
u n d e r s t a n d i n g  o f  v o la t i l e  r e t e n t i o n  w a s  d e v e lo p e d .  T h i s  w a s  a c c o m p l i s h e d  
b y  s t u d y in g  th e  e f f e c t s  o f  s e le c te d  p r o c e s s  v a r ia b le s  o n  r e t e n t i o n  o f  
c a r b o n y l  c o m p o n e n t s  in  m o d e l  c a r b o h y d r a t e - p y r u v ic  a c id  s y s te m s  a n d  in  
B e r m u d a  o n io n  ju ic e .  V a r ia b le s  s tu d i e d  w e re  c a r b o h y d r a t e  t y p e ,  c o n c e n 
t r a t i o n ,  b in a r y  m i x tu r e s  a n d  s u c r o s e  in v e r s io n .  I n c r e a s e s  in  c a r b o h y d r a t e  
c o n c e n t r a t i o n  in c r e a s e d  r e t e n t i o n  in  b o t h  m o d e l  s y s te m s  a n d  o n i o n  ju ic e .  
I n c r e a s e s  in  r e t e n t i o n  w e re  g r e a t e r  a t  lo w  c a r b o h y d r a t e  le v e ls  ( 5 - 1 0 % )  
th a n  a t  h ig h  c o n c e n t r a t i o n  ( 1 5 - 2 0 % ) .  D is t in c t  d i f f e r e n c e s  in  r e t e n t i o n  
w e re  f o u n d  in  m o d e l  s y s te m s ,  b u t  n o t  in  o n io n  ju i c e .  A  s y n e r g i s t i c  r e t e n 
t io n  e f f e c t  w a s  o b s e r v e d  in  b in a r y  m i x t u r e s  o f  l a c to s e  a n d  g lu c o s e  in  
m o d e l  s y s te m s .  R e t e n t i o n  a p p e a r e d  t o  b e  a  f u n c t i o n  o f  p e r c e n t  h y d r o l 
y s is  o f  s u c r o s e  in  m o d e l  s y s te m s .  A t lo w  in v e r s io n  le v e ls ,  r e t e n t i o n  w a s  
h ig h  a n d  u n i f o r m .  A t h ig h  h y d r o ly s i s  le v e ls ,  r e t e n t i o n  d e c r e a s e d  t o  a  lo w  
r e t e n t i o n  le v e l w h ic h  r e m a in e d  u n i f o r m  to  1 0 0 %  in v e r s io n .

R E L A T I O N S H I P S  A M O N G  T I T R A T A B L E  A C ID IT Y , p H  A N D  
B U F F E R  C O M P O S IT I O N  O F  T O M A T O  F R U I T S .  K .N . P A U L S O N  & 
M .A . S T E V E N S . J. F o o d  S c i. 3 9 ,  3 5 4 - 3 5 7  ( 1 9 7 4 ) - R e l a t i o n s h i p s  a m o n g  
p H ,  t i t r a t a b l e  a c i d i ty  (T A )  a n d  b u f f e r  c o m p o s i t i o n  o f  t o m a t o  f r u i t s  w e re  
s tu d i e d  u s in g  a n a l y t i c a l  d a t a ,  f r o m  2 5  d iv e r g e n t  a c c e s s io n s ,  a n d  f r o m  
p re v io u s  w o r k .  C i t r i c  a n d  m a l ic  a c id s ,  a n d  p h o s p h a t e  a c c o u n t  f o r  a b o u t  
9 3 %  o f  t h e  T A  o f  t o m a to e s .  A n  in c r e a s e  in  p h o s p h a t e  c o n c e n t r a t i o n  
r e s u l t s  in  a  d e c r e a s e  in  [ H + ] , w h e re a s  a n  in c r e a s e  in  c i t r i c  a n d  m a lic  a c id s  
in c r e a s e s  [H + ]  . T h e s e  r e l a t i o n s h ip s  p r o b a b ly  e x i s t  b e c a u s e  o f  d i f f e r e n c e s  
in  t h e  o r ig in s  o f  p h o s p h a t e  a n d  t h e  tw o  a c id s .  V a r i a t i o n  in  p h o s p h a te  
c o n c e n t r a t i o n  c a n  b e  o f  p r a c t i c a l  v a lu e  in  e f f o r t s  t o  m a in t a in  a  s a fe  
p ro c e s s in g  p H  in  lo w  s u g a r ,  lo w  a c id  v a r ie t i e s  b e c a u s e  p h o s p h a t e  h a s  a 
r e la t iv e ly  la rg e  e f f e c t  o n  [H + ] w i th  a  m in im a l  e f f e c t  o n  T A .

S T A R C H  A N D  P E C T IC  S U B S T A N C E S  A S  A F F E C T E D  B Y  A  F R E E Z E -  
T H A W  P O T A T O  G R A N U L E  P R O C E S S .  B . O O R A I K U L ,  G .J .K .  
P A C K E R  &  D . H A D Z IY E V . J. F o o d  Sci. 3 9 , 3 5 8 - 3 6 4  ( 1 9 7 4 ) - C h a n g e s  
in  t o t a l  c o n t e n t  a n d  f r a c t i o n s  o f  p e c t i c  s u b s t a n c e s  a n d  s ta r c h  w e re  s t u d 
ie d  in  a  f r e e z e - th a w  p ro c e s s  f o r  p o t a t o  g r a n u le  p r o d u c t i o n  c o n s i s t in g  o f  
p e e l in g ,  s te a m  c o o k in g ,  h o t  m a s h in g ,  f r e e z in g  a n d  th a w in g ,  p re -d r y in g ,  
g r a n u la t i o n ,  d r y in g ,  c o o l in g  a n d  s i f t in g .  P e c t ic  s u b s t a n c e s  in  r a w  p o t a t o e s  
( e x p r e s s e d  a s  m g  u r o n i d e / n e t t e d  G e m  1 0 0 g  d r y  w t )  w e r e  2 0 2 .4  f o r  w a te r  
s o lu b le  a n d  o n ly  8 0  f o r  t h e  c a lg o n - s o lu b le  f r a c t i o n s .  W a te r  s o lu b le  p e c t ic  
s u b s ta n c e s  i n c r e a s e d  s ix f o ld  a f t e r  c o o k in g ,  a n d  c a lg o n - s o lu b le  f r a c t i o n  
a b o u t  th r e e f o ld .  L i t t l e  c h a n g e  w a s  o b s e r v e d  in  e i t h e r  f r a c t i o n  d u e  to  
s u b s e q u e n t  g r a n u le  p ro c e s s in g  s te p s .  T h e r e  w a s  n o  in d i c a t io n  t h a t  p e c t ic  
s u b s ta n c e s  p r e s e n t  in  t h e  e x t r a c e l lu l a r  m a t r i x  c o u ld  h a v e  i n f l u e n c e d  th e  
p ro c e s s in g  s te p s  in  g r a n u le  p r o d u c t i o n .  T o t a l  s t a r c h  c o m p r i s e d  6 8 .4 % /d r y  
w t  o f  r a w  p o t a t o ,  d e c r e a s in g  s l ig h t ly  a f t e r  c o o k in g ,  in c r e a s in g  u p  to  th e  
p r e - d r y in g  s te p  a n d  s ta b i l i z in g  a t  a  le v e l o f  8 3 .7 % . In  c o n t r a s t ,  f r e e  
w a te r - s o lu b le  s t a r c h ,  d e p e n d e d  o n  t h e  p ro c e s s in g  s te p s ,  b e in g  lo w e r  in  
c o o k e d  u n m a s h e d  p o t a t o e s  t h a n  in  c o n d i t i o n e d  r a w  p o t a t o e s .  M a s h in g  
s l ig h t ly  in c r e a s e d  s ta r c h  c o n t e n t  w h ile  p r e - c o o l in g  to  5 .5 ° C  a n d  f r e e z in g  
to  - 2 0 ° C  w i th  s u b s e q u e n t  th a w in g  to  r o o m  t e m p e r a t u r e  s u b s t a n t i a l l y  
d e c r e a s e d  s ta r c h  c o n t e n t .  M e c h a n ic a l  f o r c e s  a p p l ie d  in  s u b s e q u e n t  s te p s  
b r o u g h t  a b o u t  s o m e  in c r e a s e  w h ile  in  t h e  f in a l  p r o d u c t  t h e  c o n t e n t  w a s  
r e l a t e d  t o  p a r t i c le  s ize  o f  t h e  g r a n u le s .  T h e  p e r c e n t a g e  o f  b r o k e n  c e l ls  in  
c o o k e d  p o t a t o e s  m a s h e d  a t  v a r io u s  t e m p e r a t u r e s  a p p e a r s  t o  b e  d e p e n d e n t  
o n  th e  f r e e  e x t r a c e l lu l a r  s t a r c h  p r e s e n t  in  c e l l  b in d in g  m a t r ix .  B ro k e n  c e ll 
c o u n t s  w e re  s u b s t a n t i a l l y  d e c r e a s e d  w h e n  m a s h in g  w a s  p e r f o r m e d  
im m e d ia te ly  a f t e r  c o o k in g  a t  h ig h  t e m p e r a t u r e  o r  w h e n  th e  m a s h  w as 
f r o z e n  a n d  th a w e d .  In  t h e  l a t t e r  c a s e  d e t e r m i n a t i o n  o f  B lu e  V a lu e  I n d e x  
s u g g e s te d  t h a t  a  d e c r e a s e  in  c e ll b in d in g  s t r e n g th  o f  t h e  m a t r ix  o c c u r r e d  
d u e  to  s o lu b le  s t a r c h  r é t r o g r a d a t i o n .

G LU TA M IN E AS A PR E D IC TIV E  M EA SU REM EN T IN TH E Q U A LITY
ASSESSM EN T O F  PR O C ESSED  C A R R O T  PU R E E. T.C. BIBEAU,
F.M. C LY D ESD A LE & F.M. SAW YER. J . F o o d  S c i .  39, 3 6 5 -3 6 7
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ABSTRACTS :
I N  T H I S  I S S U E

( 1 9 7 4 ) - T h e  a im  o f  th is  in v e s t ig a t io n  w a s  t h e  d e v e l o p m e n t  o f  a  s im p le  
q u a l i ty  te s t  w h e r e b y  k n o w in g  th e  a m o u n t  o f  g lu ta m in e  p r e s e n t  in  a  f r e s h  
s a m p le  o f  c a r r o t s  a n d  th e  p ro c e s s in g  t e m p e r a t u r e ,  th e  a m o u n t  o f  P C A  
a n d  p e r h a p s  t h e  a c c e p ta b i l i t y  o f  t h e  f in a l  p r o d u c t  m ig h t  b e  d e t e r m in e d .  
T w o  d i f f e r e n t  v a r ie t ie s  o f  c a r r o t s  f r o m  tw o  d i f f e r e n t  g e o g ra p h ic a l  lo c a 
t i o n s  w e re  p a c k e d  in  T D T  t u b e s ,  f lu s h e d  w i th  n i t r o g e n  a n d  s e a le d .  A 
p ro c e s s  o f  F 0  = 4 .9  w a s  g iv e n  to  e a c h  s e r ie s  o f  tu b e s  a t  t e m p e r a tu r e s  
r a n g in g  f r o m  2 4 0 - 3 0 0 ° F  w i th  2 0 ° F  i n c r e m e n t s .  F o l lo w in g  th is ,  a n a ly s e s  
w e re  c o n d u c t e d  f o r  g lu t a m in e ,  p y r r o l id o n e - c a r b o x y l i c  a c id  (P C A ) a n d  p H  
to  d e t e r m in e  t h e  e f f e c t  o f  in i t i a l  c o n c e n t r a t i o n  o f  g lu ta m in e  a n d  p ro c e s s  
t e m p e r a t u r e  u p o n  th e  f o r m a t io n  o f  P C A . T a s te  t h r e s h o ld s  f o r  P C A  w e re  
a ls o  d e t e r m i n e d  b o t h  in  m o d e l  s y s te m s  a n d  in  p ro c e s s e d  c a r r o t  p u re e .  
P C A  f o r m a t i o n  w a s  f o u n d  t o  e x h ib i t  a n  in v e r s e  l in e a r  s e m i lo g a r i th m ic  
p lo t  w i th  p r o c e s s  t e m p e r a t u r e  s u c h  th a t  a m o u n t s  c o u ld  b e  p r e d i c t e d  
f r o m  in i t ia l  g lu ta m in e  c o n t e n t s  fo r  a g iv en  b a t c h .  S e n s o ry  s tu d ie s  i n d i c a t 
e d  t h a t  th e  le v e ls  o f  P C A  f o u n d  in  s a m p le s  a t  th e  lo w e r  t e m p e r a tu r e s  
w e re  n e a r  th e  t a s t e  t h r e s h o ld s  e s ta b l i s h e d  f o r  t h i s  c o m p o u n d .  W ith  s u c h  
r e s u l ts  i t  is p o s s ib le  t o  p r e d i c t  th e  b e s t  p r o c e s s  t im e  a n d  t e m p e r a t u r e  fo r  
c a r r o t  p u r e e  b a s e d  o n  t h e  i n i t i a l  c o n c e n t r a t i o n  o f  g lu ta m in e  in  o r d e r  t o  
m in im iz e  o f f - f la v o r s  d u e  to  P C A  f o r m a t io n .

C E R T A IN  F U N C T IO N A L  P R O P E R T I E S  O F  S U N F L O W E R  M E A L  
P R O D U C T S . M .J .Y .  L I N ,  E .S .  H U M B E R T  &  F .W . S O S U L S K I .  J. Food 
Sci. 3 9 ,  3 6 8 - 3 7 0  ( 1 9 7 4 ) - C e r t a i n  f u n c t io n a l  p r o p e r t i e s  in c lu d in g  w a te r  
a b s o r p t i o n ,  f a t  a b s o r p t i o n ,  e m u l s i f i c a t i o n ,  w h ip p a b i l i t y  a n d  fo a m  s t a b i 
l i ty  w e re  d e t e r m in e d  o n  th e  s u n f lo w e r  f l o u r ,  p r o t e i n  c o n c e n t r a t e s  a n d  
is o la te .  T h e  r e s u l t s  w e re  a ls o  c o m p a r e d  to  th o s e  o b t a i n e d  o n  s o y  p r o d 
u c ts .  D a ta  o n  w a te r  a n d  f a t  a b s o r p t io n  s tu d ie s  s u g g e s t  t h a t  s o y  p r o d u c t s  
a re  m o r e  h y d r o p h i l i c  in  n a t u r e  w h ile  s u n f lo w e r  m a te r ia l  e x h i b i t e d  g r e a te r  
l ip o p h i l i c  p r o p e r t i e s  t h a n  th e  s o y  p r o d u c t s .  E m u ls i f i c a t io n  t e s t s  s h o w e d  
th a t  s u n f lo w e r  f l o u r  w a s  s u p e r io r  t o  a ll o t h e r  s o y  a n d  s u n f lo w e r  p r o d 
u c ts .  I n  g e n e r a l ,  w h ip p in g  p r o p e r t i e s  o f  s o y  a n d  s u n f lo w e r  i s o la te s  w e re  
s im ila r ,  w h i le  le ss  w h ip p a b i l i t y  w a s  o b s e r v e d  fo r  th e  so y  f l o u r  a n d  p r o t e in  
c o n c e n t r a t e s .  W h ip p e d  f o a m s  p r o d u c e d  b y  s o y  a n d  s u n f lo w e r  p r o t e in  
i s o la te s  a n d  s u n f lo w e r  f l o u r  w e re  m o r e  s ta b le  t h a n  s o y  f lo u r ,  s o y  a n d  
s u n f lo w e r  p r o t e i n  c o n c e n t r a t e s .

N U T R I T I V E  V A L U E  O F  B R E A K F A S T  C E R E A L -M I L K  C O M B IN A 
T I O N S . M . W O M A C K , D .A . V A U G H A N  &  L .R .  M IL L E R . J. Food Sci. 
3 9 ,  3 7 1 - 3 7 3  ( 1 9 7 4 ) - T h e  p r o t e i n  q u a l i t y  o f  11 b r e a k f a s t  c e r e a l-m ilk  
m ix tu r e s  c o m b in e d  a s  n o r m a l ly  e a t e n  (1 o z  c e r e a l  a n d  4  o z  f lu id  m ilk )  
w a s  d e t e r m in e d  b y  u s in g  a  m o d i f i e d  s lo p e - r a t io  a s s a y .  S lo p e  r a t io s  (m i lk  
= 1 0 0 )  o f  t h r e e  o f  t h e  m ix tu r e s  ( o a tm e a l - m i lk ,  c r e a m  o f  r ic e -m ilk  a n d  
s h r e d d e d  w h e a t- m i lk )  w e re  h ig h e r  t h a n  th a t  o f  m i lk  a lo n e .  U s in g  p r o te in  
c o n t e n t  a n d  s lo p e  r a t io s  i t  w a s  c a l c u la te d  t h a t  1 o z  o f  t h e  v a r io u s  c e r e a ls  
c o u ld  in c r e a s e  p o t e n t i a l  p r o t e in  v a lu e  o v e r  t h a t  o f  m i lk  a lo n e  b y  2 6  to  
1 1 7 % , a n d  t h a t  s o m e  o f  th e  m i x tu r e s  c o u ld  s u p p ly  as m u c h  a s  2 2 %  o f  th e  
r e c o m m e n d e d  d a i ly  a l lo w a n c e  f o r  a n  8 - 1 0 - y r - o l d  c h i ld .  I t  is s u g g e s te d  
t h a t  i n f o r m a t i o n  o f  th is  s o r t  c o m b in in g  th e  p r o t e i n  q u a l i t y  o f  f o o d  m ix 
tu r e s  a s  e a t e n  w i th  t h e  p r o t e i n  c o n t e n t  o f  a  s e rv in g  w o u ld  b e  w e lc o m e d  
b y  c o n s u m e r s .

H Y D R O L Y S IS  O F  L A C T O S E  IN  A C ID  W H E Y  B Y  L A C T A S E  B O U N D  
T O  P O R O U S  G L A S S  P A R T I C L E S  IN  T U B U L A R  R E A C T O R S . L .E . 
W IE R Z B I C K I ,  V .H . E D W A R D S  & F .V .  K O S IK O W S K I . J. Food Sci. 3 9 ,  
3 7 4 - 3 7 8  (1 9 7 4 ) - P a r t i a l l y  p u r i f i e d  l a c ta s e s  (0 -g a la c to s id a s e ,  E C 3 .2 .1 .2 3 )  
f r o m  Aspergillus niger w e re  c o v a l e n t ly  b o u n d  to  a c e to n e - s i l a n iz e d ,  d ia z o -  
t i z e d  p o r o u s  g la s s  p a r t i c le s  (m e a n  p o r e  d ia m ,  8 6 .5  n m ;  p a r t i c l e  d ia m , 
7 5 - 1 2 5  Mm). T h e  t e m p e r a t u r e  ( ~ 5 5 ° C )  a n d  p H  ( 3 . 5 - 4 . 0 )  o p t im a  w e re  
e s ta b l i s h e d  in  a c id  w h e y  c o n ta in in g  5 %  t o t a l  w h e y  s o l id s .  L a c to s e  h y d r o 
ly z in g  a c t iv i t y  w a s  s ta b l e  d u r in g  4 3  d a y s  o f  s e m i c o n t in u o u s  o p e r a t i o n  a t  
5 5 ° C  w i th  r e c o n s t i t u t e d  a c id  w h e y  (p H  = 4 .5 )  a t  t o t a l  s o l id s  (T S )  
c o n c e n t r a t i o n s  v a r ie d  b e tw e e n  4  a n d  2 5 %  a n d  to  w h ic h  5 m l / l i t e r  to lu e n e

h a d  b e e n  a d d e d  to  r e t a r d  m ic r o b io lo g ic a l  c o n t a m i n a t i o n .  K in e t ic  e x p e r i 
m e n ts  w i th  a c id  w h e y s  g a v e  r e s u l t s  r e p r o d u c ib l e  w h e n  a s s a y e d  b y  b o t h  
th in  la y e r  c h r o m a to g r a p h y  (T L C )  a n d  g lu c o s e  o x id a s e  (G S )  p r o c e d u r e s ,  
a l t h o u g h  th e  T L C  m e t h o d  g a v e  s y s t e m a t i c a l l y  h ig h e r  v a lu e s  a t  i n t e r 
m e d ia te  c o n v e r s io n s  a n d  h ig h  T S  c o n c e n t r a t i o n s .  T h e  k in e t i c s  o f  
la c to s e  h y d r o ly s i s  b y  c o lu m n s  o f  la c ta s e  b o u n d  t o  p o r o u s  g la s s  (L B G )  o f
1 .6  c m  d ia m  a n d  le n g th s  o f  1 , 5 a n d  1 0 .5  c m  s h o w e d  s o m e  e v id e n c e  f o r  
r e d u c t i o n  o f  t h e  r a t e  o f  la c to s e  h y d r o ly s i s  b y  f i lm  d i f f u s io n  r e s i s ta n c e s .  
C a lc u la t io n s  u s in g  c o r r e l a t i o n s  f o r  p a c k e d  b e d s  a ls o  s u g g e s t  t h e  p r e s e n c e  
o f  d i f f u s io n a l  e f f e c t s .  L a c to s e  w a s  h y d r o ly z e d  s l ig h t ly  m o r e  r a p id ly  in  
w h e y  th a n  in  d e p r o t e in i z e d  w h e y .  L a c to s e  h y d r o ly s i s  r a t e s  in  b o t h  t y p e s  
o f  r e c o n s t i t u t e d  w h e y  in c r e a s e d  a s  t h e  T S  c o n c e n t r a t i o n s  i n c r e a s e d  f r o m  
4  to  2 5 % . T h e  d a t a  d id  n o t  o b e y  a n y  o f  a  n u m b e r  o f  i n t e g r a t e d  r e a c t io n  
r a t e  e q u a t i o n s ,  i n c lu d in g  a  r a t e  e q u a t i o n  w h ic h  a c c o u n t e d  f o r  c o m p e t i 
t iv e  p r o d u c t  i n h ib i t i o n  o f  M ic h a e lis  e n z y m e  k in e t i c s .  F a i lu r e  o f  s im p le  
m o d e ls  is d u e  in  p a r t  t o  d i f f u s io n a l  r e s i s ta n c e s  a n d  in  p a r t  to  t h e  la rg e  
ra n g e  o f  c o n c e n t r a t i o n s  s tu d i e d .  T h e  L B G  p r e p a r a t i o n  r e t a in e d  a p p r e c i 
a b le  a c t iv i ty  a f t e r  m o r e  th a n  8 m o n t h s  o f  f r e q u e n t  u s e  a t  a  w id e  v a r ie ty  
o f  c o n d i t i o n s .

E F F E C T  O F  E N Z Y M A T IC  H Y D R O L Y S IS  O N  S O M E  F U N C T I O N A L  
P R O P E R T I E S  O F  W H E Y  P R O T E I N .  C .A . K U E H L E R  &  C .M . S T IN E . J 
Food Sci. 3 9 ,  3 7 9 - 3 8 2  ( 1 9 7 4 )  A  s tu d y  w a s  u n d e r t a k e n  to  f u r t h e r  e l u c i 
d a t e  th e  f u n c t io n a l  p r o p e r t i e s  o f  w h e y  p r o t e in  w i th  r e s p e c t  t o  f o a m in g  
a n d  e m u ls i f y in g  c a p a c i t i e s  a n d  t o  o b s e r v e  t h e  e f f e c t  o f  e n z y m a t i c  h y d r o l 
y s is  o n  th e s e  p r o p e r t i e s .  E m u ls io n  c a p a c i ty  d e c r e a s e d  a s  p r o t e o ly s i s  
c o n t i n u e d  s u g g e s t in g  th e r e  is a n  o p t i m u m  m e a n  m o le c u la r  s iz e  o f  t h e  
p r o t e in s  in v o lv e d  w h ic h  is lo w e r  t h a n  t h a t  o f  c a s e in .  H e a t  t r e a t m e n t  o f  
th e  r e c o n s t i t u t e d  p r o t e in  c o n c e n t r a t e  w a s  n e c e s s a r y  f o r  f o a m  s t a b i l i t y ;  
s p e c i f i c  v o lu m e  a n d  f o a m  s t a b i l i t y  i n c r e a s e d  d i r e c t l y  w i th  t e m p e r a t u r e  o f  
h e a t in g .  R e  e f f e c t  o f  p H  o n  w h ip p a b i l i t y ,  d a t a  i n d i c a t e  t h a t  t h e  g r e a t e r  
th e  n e t  c h a r g e  t h e  g r e a t e r  t h e  t e n d e n c y  t o  f o a m .  A  l im i t e d  a m o u n t  o f  
h y d r o ly s i s  a p p e a r s  d e s i r a b l e  t o  in c r e a s e  f o a m in g  b u t  g r e a t ly  d e c r e a s e s  
f o a m  s t a b i l i t y .

A T L A N T IC  Q U E E N  C R A B  ( C h io n o e c e t e s  o p i l i o ) ,  J O N A H  C R A B  
(C a n c e r  b o r e a l i s ) ,  A N D  R E D  C R A B  ( G e r y o n  q u in q u e d e n s ) .  P r o x im a te  
C o m p o s i t i o n  o f  C r a b m e a t  f r o m  E d ib le  T is s u e s  a n d  C o n c e n t r a t i o n s  o f  
S o m e  M a jo r  M in e ra l  C o n s t i t u e n t s  in  t h e  A s h . B .H . L A U E R , M .C . 
M U R R A Y , W .E . A N D E R S O N  &  E .B . G U P T I L L .  J. Food Sci. 3 9 ,  
3 8 3 - 3 8 5  ( 1 9 7 4 ) - T h e  g ro s s  c o m p o s i t i o n  o f  t h e  e d ib le  t is s u e s  o f  A t l a n t i c  
Q u e e n  c r a b ,  J o n a h  c r a b  a n d  R e d  c r a b  w a s  d e t e r m in e d  b y  s t a n d a r d  a n a l y t 
ic a l  m e th o d s  a n d  r e s u l t s  c o m p a r e d  to  th o s e  o b t a i n e d  f o r  a n a ly s i s  o f  
e d ib le  t is s u e s  in  o t h e r  s p e c ie s  o f  c r a b .  In  a d d i t i o n ,  t h e  c o n c e n t r a t i o n s  o f  
v a r io u s  c a t i o n i c  c o n s t i t u e n t s  o f  th e  a sh  (N a + , K + , C a + +  a n d  M g+ + ) a n d  
p h o s p h a t e  w e re  e s t i m a t e d  in  h y d r o g e n  p e r o x id e - s u l f u r i c  a c id  d ig e s t s  o f  
m e a t  s a m p le s  o f  e a c h  o f  th e  t h r e e  c ra b  s p e c ie s .  T h e  n u t r i t i v e  v a lu e  o f  
c r a b m e a t  f r o m  th e s e  s p e c ie s  is d i s c u s s e d  in  t e r m s  o f  p r o t e i n  c o n t e n t ,  
m in e ra l  c o m p o s i t i o n  a n d  o v e ra l l  c a lo r i f i c  v a lu e .

A M IN O  A C ID , F A T T Y  A C ID  A N D  P R O X IM A T E  C O M P O S IT I O N  O F  
S N O W  C R A B  ( C h io n o e c e t e s  b a i r d i ) .  R .A .  K R Z E C Z K O W S K I  &  F .E .  
S T O N E . J. Food Sci. 3 9 ,  3 8 6 —3 8 8  ( 1 9 7 4 ) - T h e  p r o x i m a t e  a n a ly s i s  a n d  
f a t t y  a c id  c o n t e n t  o f  t h e  l ip id s  w e re  d e t e r m in e d  o n  f o u r  s e p a r a t e  t y p e s  o f  
c o o k e d  s n o w  c r a b m e a t  p lu s  c o m p o s i t e  s a m p le s  o f  t h e  c o o k e d  m e a t  a n d  a  
c o m m e r c ia l ly  c a n n e d  p r o d u c t .  T h e  a m in o  a c id ,  s o d iu m  a n d  p o ta s s iu m  
c o n t e n t  w e re  d e t e r m i n e d  o n  a  c o m m e r c ia l ly  c a n n e d  p r o d u c t .  T h e s e  r e 
s u l ts  s h o w  t h a t  s n o w  c r a b s  c o n ta in  a  c o n s id e r a b l e  a m o u n t  o f  m e a t  
( 3 3 .7 % )  w h ic h  is  h ig h  in  p r o t e i n  ( 1 8 .8 % )  a n d  n u t r i t i o n .  T h e  f a t t y  a c id  
c o n t e n t  is  o v e r  5 0 %  p o l y u n s a t u r a t e d .  F a t t y  a c i d  2 0 : 5  w a s  t h e  p r e d o m i 
n a n t  a c id  ( 2 6 . 0 - 3 0 . 0 % )  f o l lo w e d  b y  1 8 :1  ( 1 7 . 0 - 1 9 . 3 % ) ,  2 2 : 6
( 1 5 .0  1 6 .6 % ) a n d  1 6 :0  ( 1 2 . 5 - 1 3 . 5 % ) .  A m in o  a c id  c o n t e n t  is  s im i la r  t o  
d u n g e n e s s  a n d  C h e s a p e a k e  B a y  b lu e  c r a b  m e a t .

vi



HEAT STABILITY OF CHICKEN ACTOMYOSIN. L .L . Y O U N G . /  
F o o d  Sci. 3 9 ,  3 8 9 - 3 9 2  ( 1 9 7 4 ) - T h e  h e a t  s e n s i t iv i ty  o f  c h ic k e n  a c to -  
m y o s in  w a s  d e t e r m in e d  u n d e r  v a ry in g  c o n d i t i o n s  o f  t h e  p H  a n d  io n ic  
e n v i r o n m e n t  a n d  in  t h e  p r e s e n c e  a n d  a b s e n c e  o f  v a r io u s  a d d i t iv e s .  T h e  
e m u ls i fy in g  c a p a c i ty  o f  t h e  p r o t e i n  w a s  u s e d  a s  t h e  i n d e x  o f  h e a t  d a m a g e .  
A s th e  p H  o f  t h e  s o lv e n t  w a s  i n c r e a s e d  a b o v e  8 .5 ,  th e  s t a b i l i t y  o f  th e  
p r o t e in  in c r e a s e d .  I t  w a s  m o r e  s ta b l e  in  0 .6 M  KC1 t h a n  in  0 .2 M  K C1. U p  
to  6 %  s u c r o s e  s ig n i f i c a n t ly  im p r o v e d  th e  s t a b i l i t y .  P o ly p h o s p h a te s  w e re  
b e n e f ic ia l  in  s ta b i l iz in g  th e  a c t o m y o s in .  T h is  i n f o r m a t i o n  s h o u ld  f a c i l i 
t a t e  d e v e l o p m e n t  o f  m e th o d s  o f  h e a t  p a s t e u r i z in g  m e c h a n ic a l ly  d e b o n e d  
c h ic k e n  m e a t .

RELATION BETWEEN ISOMETRIC TENSION, POSTMORTEM pH 
DECLINE AND TENDERNESS OF POULTRY BREAST MEAT. A .W . 
K H A N . J. F o o d  Sci. 3 9 ,  3 9 3 - 3 9 5  ( 1 9 7 4 ) - P o s t m o r t e m  c h a n g e s  in  i s o 
m e t r i c  t e n s i o n ,  p H  a n d  s h e a r  f o r c e  o f  p o u l t r y  b r e a s t  m e a t  w e re  s tu d i e d  to  
d e t e r m in e  th e  r e l a t i o n  b e tw e e n  r ig o r  c o n t r a c t i o n  a n d  t e n d e r n e s s .  S t r ip s  
o f  p e c to r a l i s  m a jo r  m u s c l e  im m e r s e d  in  i s o to n ic  s a l in e  s o lu t io n  h e ld  a t  
2 5 ° C  d e v e lo p e d  m e a s u r a b le  t e n s i o n  w h e n  th e i r  p H  d r o p p e d  to  6 . 1 - 6 . 3 .  
T h e  t e n s i o n  g r a d u a l ly  i n c r e a s e d  u n t i l  t h e  p H  d r o p p e d  to  a  f in a l  v a lu e  o f
5 . 5 —5 .8 ,  t h e n  s t a r t e d  to  d e c l in e .  M u sc le  c o o k e d  a t  t h e  s t a r t  o f  te n s io n  
d e v e l o p m e n t  h a d  th e  h ig h e s t  s h e a r  f o r c e .  A f t e r  t h a t  t h e  s h e a r  f o r c e  o f  th e  
c o o k e d  m e a t  g r a d u a l ly  d e c l in e d  t o  a  m in im u m  v a lu e .  T h e  r e s u l t s  i n d ic a te  
a  h ig h  c o r r e l a t i o n  ( r = 0 .9 7 )  b e tw e e n  u l t i m a t e  s h e a r  f o r c e  a n d  d e g re e  o f  
m a x im u m  t e n s i o n  d e v e lo p e d  d u r in g  r ig o r .

EFFECTS OF PRE-RIGOR TENSION ON TENDERNESS OF INTACT 
BOVINE AND OVINE MUSCLE. D .R . B U E G E  &  J .R .  S T O U F F E R .  J. 
F o o d  Sci. 3 9 ,  3 9 6 - 4 0 1  ( 1 9 7 4 ) - M e c h a n i c a l  a n d  w e ig h te d  m e th o d s  o f  
a p p ly in g  p r e - r ig o r  te n s io n  to  lo n g is s im u s  m u s c le  o f  o v in e  a n d  b o v in e  
c a r c a s s e s  c o n v e n t io n a l l y  h u n g  b y  a h in d  s h a n k  w e re  s tu d ie d .  T h e  e f f e c t  
o f  te n s io n in g  o f  c a r c a s s e s  b y  a d d in g  4 .5  k g  w e ig h ts  o r  m e c h a n ic a l ly  
s t r e t c h in g  th e  b a c k  5 %  in  l e n g th  w a s  s ig n i f ic a n t  (P  <  0 .0 1 )  a n d  a s  e f f e c 
tiv e  a s  g r e a te r  f o r c e s  in  d e c r e a s in g  s h e a r  f o r c e  v a lu e s ,  d e c r e a s in g  f ib e r  
d ia m e te r s  a n d  in c r e a s in g  s a r c o m e r e  l e n g th s .  C h o p s  a n d  s te a k s  f r o m  t e n 
s io n e d  c a r c a s s e s  a t  4 8  h r  p o s t m o r t e m  w e re  as t e n d e r  a s  th o s e  f r o m  n o n -  
te n s i o n e d  c a r c a s s e s  w h ic h  h a d  b e e n  a g e d  1 6 8 - 2 4 0  h r .  F u r t h e r  a g in g  o f  
lo n g is s im u s  m u s c l e  o f  te n s i o n e d  c a r c a s s e s  c o n t in u e d  to  d e c r e a s e  s h e a r  
f o r c e  v a lu e s  a t  a p p r o x im a te ly  th e  s a m e  r a t e  a t  w h ic h  s h e a r  f o r c e  w a s  
d e c r e a s in g  in  n o n t e n s i o n e d  c a r c a s s e s .  T h e  p r e - r ig o r  te n s io n  w a s  a ls o  e f f e c 
t iv e  in  r e d u c in g  a n im a l - to - a n im a l  t e n d e r n e s s  v a r ia b i l i ty .

TENDERNESS VARIATION IN OVINE LONGISSIMUS MUSCLE. D .R . 
B U E G E  &  J .R .  S T O U F F E R . / .  F o o d  Sci. 3 9 , 4 0 2 - 4 0 5  ( 1 9 7 4 ) - 3 1  la m b  
c a r c a s s e s  w e re  s p l i t  a f t e r  s l a u g h t e r  a n d  o n e  s id e  o f  e a c h  h a d  p r e - r ig o r  
t e n s i o n  a p p l ie d  t o  t h e  lo n g is s im u s  m u s c le  b y  w e ig h te d  o r  m e c h a n ic a l  
m e th o d s .  W a r n e r -B ra tz l e r  s h e a r  v a lu e s  w e re  o b t a i n e d  o n  e a c h  o f  th r e e  
c o r e  p o s i t io n s  w i th in  r ib  a n d  w i th in  lo in  c h o p  s a m p le s  f r o m  e a c h  n o n t e n 
s io n e d  a n d  t e n s i o n e d  s id e .  D i f f e r e n c e s  in  s h e a r  v a lu e s  b e tw e e n  c o r e s  w e re  
s ig n i f ic a n t  (P  <  0 .0 0 1 ) ,  a n d  th e  i n t e r a c t i o n s  o f  m u s c le  l o c a t i o n ,  te n s io n  
t r e a t m e n t  a n d  c o r e  w e re  a ls o  s ig n i f i c a n t  (P  <  0 .0 0 1 ) .  T h e  l a t e r a l  p o s i t i o n  
w a s  th e  le a s t  t e n d e r  in  r ib  c h o p s  w h ile  th e  d o r s a l  p o s i t i o n  w a s  le a s t  
t e n d e r  in  lo in  c h o p s  o f  th e  n o n t e n s i o n e d  s id e s .  P re - r ig o r  t e n s i o n  m a d e  
c o re  p o s i t i o n s  m o r e  u n i f o r m  in  t e n d e r n e s s  in  th e  r ib  c h o p s ,  w h ile  c o n s id 
e r a b le  t e n d e r n e s s  v a r ia t io n  p e r s i s te d  in  te n s i o n e d  lo in  c h o p s .

THE AROMA OF CANNED BEEF: PROCESSING AND FORMULA
TION ASPECTS. T . P E R S S O N  &  E . V O N  S Y D O W . J. F o o d  Sci. 
3 9 , 4 0 6 - 4 1  3 ( 1 9 7 4 ) - T h e  in f l u e n c e  o f  p ro c e s s in g  t e c h n iq u e s  a n d  f o r m u 
l a t io n s  o n  c h e m ic a l  a n d  s e n s o r y  a r o m a  p r o p e r t i e s  h a s  b e e n  s tu d ie d  w i th  
th e  p u r p o s e  o f  f in d in g  w a y s  t o  im p r o v e  th e  f la v o r  o f  c a n n e d  m e a t .  
H T S T - s te r i l i z a t io n ,  “ a s e p t i c ”  c a n n in g  a n d  s te r i l i z a t i o n  in  v a r io u s  p a c k a g 
in g  m a te r ia l s  in c lu d in g  f le x ib le  p o u c h e s  h a v e  b e e n  in v e s t ig a te d .  I t  w a s  
f o u n d  th a t  “ a s e p t i c ”  c a n n in g  a n d ,  e s p e c ia l ly ,  H T S T - s te r i l i z a t io n  h a d  a 
p r o n o u n c e d  p o s i t iv e  e f f e c t  o n  a r o m a ,  in  th e  l a t t e r  c a se  f o r  s a m p le s  
p a c k e d  in  th in  l a y e r s  ( f l e x ib le  p o u c h e s ) .  I t  w a s  s h o w n  th a t  a d d i t i o n  o f  
e .g .,  f u n r a r a te  o r  m a le a te  in  s m a ll  a m o u n t s  ( 0 . 0 6 - 0 . 1 5 % )  b e f o r e  s te r i l i z a 
t io n  d e c r e a s e d  th e  c o n c e n t r a t i o n s  o f  h y d r o g e n  s u l f id e  a n d  m e r c a p ta n s ,  
a n d  th e  a d d i t i o n s  o f  c e r ta in  a m in o  a c id s ,  e .g . ,  a rg in in e ,  d e c r e a s e d  th e  
c o n c e n t r a t i o n s  o f  th e  a ld e h y d e s .  B o th  ty p e s  o f  in g r e d ie n t s  r e s u l te d  in  an  
im p r o v e d  a ro m a .  S to r a g e  c h a n g e s  h a v e  a lso  b e e n  in v e s t ig a te d .  I t  w a s  
f o u n d  th a t  t h e r e  w a s  a t e n d e n c y  to w a r d s  a m o r e  a c c e le r a te d  c h a n g e  in  
f le x ib le  p o u c h e s  c o m p a r e d  w i th  r ig id  c a n s .

EFFECT OF CONCURRENT CALORIC INTAKE ON THE RE
SPONSE TO ORAL MONOSODIUM L-GLUTAMATE IN SUSCEP
T IB L E  SUBJECTS. R .A . K E N N E Y . /  F o o d  Sci. 39, 4 1 4 -4 1 5
( 1 9 7 4 ) -—A  s tu d y  w a s  u n d e r t a k e n  to  a ss e ss  th e  s u s c e p t ib i l i t y  o f  a 
p o p u la t i o n  o f  p ro v e n  r e a c t o r s  t o  a s t a n d a r d  5 g  d o s e  o f  M S G  g iv e n  
as p a r t  o f  a  lu n c h - ty p e  s n a c k .  T h e  s tu d y  w a s  a ls o  d e s ig n e d  to  t e s t  
t h e  r e s p o n s e  to  n a tu r a l l y  o c c u r r in g  L -g lu ta m ic  a c id  in  a m o u n t s  
c o m p a r a b le  w i th  th e  t e s t  d o s e  o f  M S G . R e s u l ts  s h o w  th e  l a t e n c y  
o f  s y m p to m  o n s e t  to  b e  c o n s i s t e n t ly  lo n g e r  w h e n  M S G  is a d m in is 
te r e d  in  j u i c e  a c c o m p a n ie d  b y  a s n a c k .  R e s p o n s e  r a t e  to  s n a c k s  
c o n ta in in g  5 g  M S G  is s ig n i f i c a n t ly  l o w e r  fo r  h ig h  p r o t e i n ,  h ig h  
n a tu r a l  L - g lu ta m ic  a c id  a n d  h ig h  c a r b o h y d r a t e  s n a c k s  t h a n  f o r  th e  
h ig h - f a t  s n a c k  o r  M S G  a d m in i s t e r e d  w i t h o u t  a s n a c k .  T h e  h ig h - f a t  
s n a c k  (a ls o  lo w  :n  b u lk )  a f f o r d e d  n o  p r o t e c t i o n .

COMPARATIVE SENSORY EVALUATIONS OF TWO CULTIVATED 
MUSHROOMS: A. b is p o r u s  AND A. b i to r q u i s .  J .A .  A B B O T T  &  J .P .  S A N  
A N T O N IO . J. F o o d  Sci. 3 9 ,  4 1 6 - 4 1 7  ( 1 9 7 4 ) - C o m p a r a t i v e  s e n s o ry  e v a l
u a t io n s  w e re  m a d e  b e tw e e n  s a u te e d  m u s h r o o m s  o f  c o m m o n ly  c u l t iv a te d  
A g a r ic u s  b isp o ru s  a n d  r e la te d  A . b ito rq u is , b e in g  c o n s id e r e d  f o r  c u l t iv a 
t io n ,  t o  d e t e r m in e  w h e th e r  n o n t r a i n e d  p e r s o n s  c o u ld  d i s t in g u is h  th e m ,  
w h ic h  w a s  p r e f e r r e d ,  a n d  h o w  th e y  d i f f e r e d .  M o d if ie d  t r i a n g le  te s t s  
s h o w e d  th e  s p e c ie s  d is t in g u is h a b le .  H a l f  th e  c o r r e c t  r e s p o n s e s  p r e f e r r e d  
A . b isporus-. 1 /3 ,  ,4 . b ito rq u is . A t e x t u r e  p r o f i l e  p a n e l  f o u n d  A . b ito rq u is  
f i r m e r ,  c r is p e r  a n d  c h e w ie r .  C o m m e n ts  o n  f la v o r  i n d i c a t e d  th a t  A . b ito r 
q u is  h a d  a s t r o n g e r  f la v o r  t h a n  A . b isporus.

DIFFERENTIATION OF PERFECTION, ALSWEET AND ALASKA 
VARIETIES BY TOTAL STARCH AND AMYLOSE CONTENT. W .
T H E R A V U T H I ,  C .E . J O H N S O N  & J .H .  v o n  E L B E . J. F o o d  Sci. 3 9 ,  
4 1 8 - 4 1 9  ( 1 9 7 4 ) - T h e  U S D A  g ra d in g  s y s te m  a ss ig n s  d i f f e r e n t  q u a l i ty  
a t t r i b u t e s  a c c o r d in g  to  tw o  ty p e s  o f  p e a s ,  w r in k le d  a n d  s m o o th  s k in n e d .  
S in c e  c ro s s e s  b e tw e e n  th e s e  ty p e s  e x i s t  w h ic h  e x h i b i t  c h a r a c t e r i s t i c s  o f  
b o t h  t y p e s ,  a m e t h o d  o f  i d e n t i f i c a t i o n  b e tw e e n  ty p e s  is  n e e d e d  to  a p p ly  
th e  c o r r e c t  g r a d in g  s t a n d a r d s .  P e r f e c t io n ,  A ls w e e t  a n d  A la s k a  v a r ie t ie s  
w e re  e v a l u a t e d  f o r  p e r c e n t  s t a r c h  a n d  a m y lo s e  c o n t e n t  in  s ta r c h  w i th in  
s iev e  s iz e  c la s s i f i c a t io n  o r  t e n d e r o m e t e r  v a lu e  g ro u p in g .  P e r f e c t io n  p e a s  
a re  e a s i ly  d i f f e r e n t i a t e d  f r o m  A ls w e e t  a n d  A la s k a  p e a s  o f  s im ila r  s iev e  
s ize  o r  t e n d e r o m e t e r  v a lu e s  b y  th e i r  h ig h  a m y lo s e  c o n t e n t .  A ls w e e t  h a s  
t h e  lo w e s t  p e r c e n t  a m y lo s e  in  s t a r c h ;  h o w e v e r ,  t h e r e  e x i s t s  a n  o v e r la p  in  
c o n t e n t  b e tw e e n  A la s k a  a n d  A ls w e e t  v a r ie t i e s  m a k in g  d i f f e r e n t i a t i o n  
u n c e r t a in .  R e s u l t s  i n d i c a t e d  t h a t  d i f f e r e n t i a t i o n  w a s  p o s s ib le  b e tw e e n  
A la s k a  a n d  A ls w e e t  w i th in  s iev e  s iz e  o r  t e n d e r o m e t e r  v a lu e s  o n  th e  b a s is  
o f  t o t a l  s t a r c h  c o n t e n t .  T h e  A la s k a  v a r ie ty  h a s  a  h ig h e r  t o t a l  s ta r c h  
c o n t e n t  c o m p a r e d  to  t h e  A ls w e e t  v a r ie ty .

FLUO RESCEN T QUANTITATION OF BIOLOGICALLY ACTIVE 
AMINES IN FOODS WITH 7-CHLORO-4-NITROBENZOFURAZAN 
(NBD-C1). M .N . V O IG T  &  R .R .  E I T E N M I L L E R .  J. F o o d  Sci. 3 9 ,  
4 2 0 - 4 2 1  ( 1 9 7 4 ) - T h e  u s e f u ln e s s  o f  7 - c h lo r o - 4 - n i t r o b e n z o f u r a z a n
(N B D -C 1) f o r  th e  q u a n t i t a t i v e  f lu o r e s c e n c e  d e t e c t i o n  o f  b io lo g ic a l ly  a c 
tiv e  a m in e s  c o m m o n ly  f o u n d  in  f e r m e n t e d  f o o d s  w a s  s tu d i e d .  T h e  r e a 
g e n t  w a s  f o u n d  to  b e  a d v a n t a g e o u s  w h e n  c o m p a r e d  to  o r th o - p h th a ld e -  
h y d e  a n d  e th y l e n e  d ia m in e  d u e  to  t h e  s im p l i c i t y  o f  d e r iv a t iv e  f o r m a t io n  
a n d  a b i l i t y  to  f o r m  f lu o r e s c e n t  d e r iv a t iv e s  w i th  a  v a r ie ty  o f  b io lo g ic a l ly  
a c t iv e  a m in e s .  N B D -C 1 w a s  s h o w n  to  f o r m  q u a n t i t a t i v e  d e r iv a t iv e s  w i th  
t y r a m in e ,  t r y p t a m i n e  a n d  h i s t a m in e .  T h e r e  w a s  a  l im i t e d  l in e a r  r e s p o n s e  
f o r  t r y p t a m i n e .

TRYPSIN INHIBITORS IN SORGHUM GRAIN. J .  X A V IE R  F I L H O .  /  
F o o d  Sci. 3 9 ,  4 2 2 - 4 2 3  ( 1 9 7 4 ) - T h e  p r e s e n c e  o f  t r y p s i n  i n h ib i t i n g  s u b 
s ta n c e s  w a s  s h o w n  in  a q u e o u s  a n d  a c id  e x t r a c t s  o f  s o r g h u m  g ra in  p o w d e r .  
G e l f i l t r a t i o n  o f  t h e  a c id  e x t r a c t  s h o w e d  t h a t  t h e  t r y p s in  i n h ib i to r s  h a v e  a 
b r o a d  d i s t r i b u t i o n  o f  m o le c u la r  w e ig h t  w i th  t h e  m o s t  s ig n i f ic a n t  p e a k  o f  
a c t iv i ty  c e n t e r e d  a r o u n d  1 5 ,0 0 0  d a l to n s .  I t  w a s  a ls o  s h o w n  t h a t  a q u e o u s  
e x t r a c t s  o f  th e  i n h ib i to r s  a d ju s t e d  t o  p H  4 . 0  w e re  s ta b l e  t o  h e a t  t r e a t 
m e n t  o f  1 0 0 ° C  f o r  3 0  m in .
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ABSTRACTS:
I N  T H I S  I S S U E

INFLUENCE OF ODOR SOURCES ON THE ODOR AND FLAVOR OF 
BEEF. R .J .  B O R T O N , H .W . O C K E R M A N , B .D . V A N  S T A V E R N  &  J .P .  
H A D D E N . J. Food Sci. 3 9 ,  4 2 4 - 4 2 5  ( 1 9 7 4 ) - R e s e a r c h  w a s  c o n d u c t e d  to  
d e t e r m in e  t h e  in f l u e n c e  o f  o d o r  s o u rc e s  p r e s e n t  in  t h e  v ic in i ty  o f  m e a t  
d u r in g  s la u g h te r ,  s to r a g e ,  s h ip p in g  a n d  h a n d l in g ,  o n  th e  o d o r  a n d  f la v o r  
o f  b e e f .  In  m o s t  c a s e s ,  o u t s id e  s a m p le s  a n d  g r o u n d  c o m p o s i t e s  s c o r e d  
h ig h e r  in  o f f - f l a v o r  i n t e n s i t y  th a n  d id  in s id e  s a m p le s .  F a t  s a m p le  r e s u l ts  
w e re  s im ila r  b u t  e x h i b i t e d  g r e a te r  v a r ia t io n .  O d o r  s c o r e s  f o l l o w e d  a  s im 
i la r  p a t t e r n .  A m m o n ia  w a s  f o u n d  th e  e a s ie s t  s o u r c e  o f  o d o r  a n d  f la v o r  to  
d e t e c t ;  c ig a r e t t e  s m o k e ,  b u t t s  a n d  a s h e s ,  a u t o m o b i l e  e x h a u s t ,  k e r o s e n e  
a n d  p a i n t  w e re  a ls o  e a s i ly  d e t e c t e d .  S p o i le d  m e a t  c o u ld  b e  d e t e c t e d  as 
i m p a r t i n g  a n  o f f - o d o r  a n d  o f f - f l a v o r ,  b u t  t h e  s o u r c e  w a s  n o t  e a s i ly  i d e n 
t i f i e d .  O th e r  v a r ia b le s  ( e .g . ,  s i la g e ,  s o a p ,  r a n c id  g r e a s e )  s h o w e d  l i t t l e  
e v id e n c e  o f  c a u s in g  o f f - f la v o r  o r  o f f - o d o r  t o  t h e  m e a t .  T h e  in f lu e n c e  o f  
s to r a g e  t im e  a n d  e x p o s u r e  p re -  o r  p o s t - r ig o r  s e e m e d  n e g lig ib le  in  m o s t  
c a se s .

VITAMIN B„ IN PORK MUSCLE COOKED IN MICROWAVE AND 
CONVENTIONAL OVENS. J .A .  B O W E R S , B .A . F R Y E R  &  P .P . 
E N G L E R . J. Food Sci. 3 9 ,  4 2 6 - 4 2 7  ( 1 9 7 4 ) - L o i n  s e c t io n s  o f  p o r k  m u s 
c le  w e re  h e a t e d  to  7 5  o r  8 5 ° C  i n t e r n a l  t e m p e r a t u r e s  in  m ic ro w a v e  o r  
c o n v e n t io n a l  e l e c t r i c  o v e n s .  C o o k in g  lo s s e s  a n d  t im e ,  p e r c e n t a g e  m o is tu r e

a n d  t o t a l  v i t a m in  B 6 w e re  d e t e r m in e d .  C o o k in g  t im e  w a s  l o n g e r ,  t o t a l  
c o o k in g  lo s s  le ss  a n d  m o i s tu r e  c o n t e n t  g r e a te r  f o r  p o r k  c o o k e d  in  a n  
e l e c t r i c  o v e n  t h a n  f o r  t h a t  c o o k e d  in  a  m ic ro w a v e  o v e n .  D i f f e r e n c e s  in  
v i ta m in  B 6 d u e  to  t y p e  o f  o v e n  o r  i n t e r n a l  t e m p e r a t u r e  w e re  s m a l l  a n d  
n o t  s ig n i f i c a n t  w h e n  c a l c u la te d  o n  a  c o o k e d  w e ig h t  b a s is .  W h e n  c a l c u 
l a t e d  o n  a  d r y  w e ig h t  b a s is  s a m p le s  c o o k e d  in  t h e  c o n v e n t io n a l  o v e n  
c o n t a i n e d  m o r e  v i t a m in  B 6 th a n  d id  t h o s e  c o o k e d  b y  a  m ic ro w a v e  o v e n .

APPLICATION OF SDS-ACRYLAMIDE GEL ELECTROPHORESIS 
FOR DETERMINATION OF THE MAXIMUM TEMPERATURE TO 
WHICH BOVINE MUSCLES HAVE BEEN COOKED. Y .B . L E E ,  D  A . 
R IC K A N S R U D , E .C . H A G B E R G  &  E .J .  B R I S K E Y . J. Food Sci. 3 9 ,  
4 2 8 - 4 2 9  ( l S 7 4 ) - T h e  s e d iu m  d o d e c y l s u l f a t e - a c r y l a m id e  g e l e l e c t r o p h o r 
e s is  w a s  e v a lu a te d  a s  a  m e t h o d  t o  d e t e r m in e  th e  c o o k in g  t e m p e r a t u r e  t o  
w h ic h  b e e f  h a s  b e e n  c o o k e d .  W a te r  s o lu b le  p r o t e i n  e x t r a c t s  f r o m  b o v in e  
m u s c le s  c o o k e d  to  t h e  f in a l  t e m p e r a t u r e s  o f  6 5 ,  7 0 ,  7 5 ,  8 0 ,  8 5  a n d  9 0 ° C  
w e re  a p p l ie d  o n  S D S - a c ry la m id e  g e ls . T h e  e x t r a c t s  s h o w e d  c h a r a c t e r i s t i c  
e l e c t r o p h o r e t i c  p a t t e r n s  f o r  e a c h  c o o k in g  t e m p e r a t u r e  e x a m in e d .  T h e  
th e r m o p r o f i l e s  w e re  h ig h ly  r e p r o d u c ib l e  a m o n g  a  n u m b e r  o f  e x p e r im e n 
ta l  v a r ia b le s .  T h e  h ig h  d e g re e  o f  a c c u r a c y  a n d  r e p r o d u c i b i l i t y  o f  t h e  
m e t h o d  d e s c r ib e d  h e r e in  m a k e s  i t  p o s s ib le  t o  d e t e r m i n e  th e  p r e c is e  t e m 
p e r a t u r e  t o  w h ic h  b e e f  h a s  b e e n  c o o k e d ,  w i th in  ± 5 ° C .
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THE TOXIC POTENTIAL OF TRACE METALS IN FOODS. A Review

INTRODUCTION
H E A V Y  M E T A L S  are  w ide ly  d i s t r ib u te d  
t h r o u g h o u t  t h e  e a r t h ’s c ru s t  a n d  o c ean s  
a n d  it is in ev i tab le  t h a t  t r ac e s  o f  these  
m e ta ls  c an  be  d e te c t e d  in v i r tu a l ly  all 
p lan t  a n d  an im a l  o r g a n i s m s - a n d  h e n c e  in 
o u r  fo o d .  T h e  ra p id  d e v e lo p m e n t  o f  t r ac e  
a n a ly t ic a l  m e th o d o l o g y  h as  e x a c e r b a te d  
th is  p r o b le m  so  t h a t  sensi t ive  t e c h n iq u e s ,  
su c h  as n e u t r o n  a c t iv a t io n  analys is ,  a llow  
t race  e le m e n ts  t o  be  m e a su re d  at c o n c e n 
t r a t i o n s  t h a t  p rev io u s ly  w e  nev er  even 
k n e w  ex is te d .

S o m e  o f  th e se  m e ta ls  (e .g .,  c o b a l t ,  
c o p p e r ,  z inc ,  m a n g a n e s e )  a re  essen t ia l  to  
o u r  h e a l th ;  o th e r s  ( su c h  as v a n a d iu m ,  
n ick e l  a n d  t in )  w e  n o w  lea rn  a re  poss ib ly  
essentia l .  M any  m e ta ls ,  h o w e v e r ,  have  n o  
p ro v e n  f u n c t i o n  in life p rocesses .  T o x ic 
i ty  a n d  t h e  re su l t in g  t h r e a t  t o  h u m a n  
h e a l th  a re ,  o f  co u rse ,  a f u n c t i o n  o f  c o n 
c e n t r a t i o n :  h e n c e  m e ta ls  as e ssen t ia l  as 
c o p p e r  a n d  c o b a l t  c an  be  d a n g e ro u s  at 
su f f ic ie n t ly  h igh  levels. A few  y e a rs  ago 
20  p e o p le  d ied  in Q u e b e c  C i ty  f r o m  c a r 
d i o m y o p a t h y  i n d u c e d  b y  t h e  h eav y  c o n 
s u m p t io n  o f  b e e r  t h a t  c o n ta in e d  a d d e d  
c o b a l to u s  s u lp h a te  as a fo a m  s tab il ize r  
(M erc ie r  a n d  P a t ry ,  1 9 6 7 ) .

In  C a n ad a  s t a t u t o r y  to le ra n c e s  fo r  
th re e  m e ta l s —lead ,  c o p p e r  a n d  z in c —in a 
v a r ie ty  o f  fo o d s  a re  i n c o r p o r a te d  in t h e  
F o o d  a n d  Drug  R e g u la t io n s .  A t e m p o r a r y  
gu id e l in e  has  b e e n  set fo r  a f o u r t h  m e ta l ,  
m e rc u ry ,  a t  0 .5  p p m  in fish.

T h e re  is n o  d o u b t  t h a t  f o o d  re p re se n t s  
o u r  m o s t  i n t im a te  m e d i u m  o f  c h em ica l  
p o l lu t io n  fo r  all th r e e  p r im a ry  c o m p o 
n e n t s  o f  t h e  e n v i r o n m e n t —air,  w a te r  and  
so i l—are  invo lved .  F o o d  r e ach es  t h e  c o n 
su m e r  as th e  e n d - p r o d u c t  o f  a long  ch a in  
o f  p r e p a r a t io n  a n d  p ro cess in g  o p e r a t io n s  
du r ing  w h ic h  it  c an  be  c o n ta m in a t e d  by  
t r ac e  m eta ls .  T h e  m e ta ls  m a y  be p re sen t  
as th e  u n a v o id a b le  r e su l t  o f  t e c h n o lo g ic a l  
o p e r a t io n s  as well as f ro m  e n v i ro n m e n ta l  
p o l lu t io n .  E ssen t ia l ly  th e re  a re  fo u r

so u rc es  o f  t h e  c o n ta m in a t i o n  o f  fo o d s  by  
t r ac e  m eta ls :
1. Agricultural technology: w h e re  th e  

m e ta ls  c an  be c o m p o n e n t s  o f  p e s t i 
c ides (e.g.,  lead a r sen a te ,  m a n e b )  o r  
c o n ta m in a n t s  (e.g.,  c a d m iu m  in  p h o s 
p h a te  fe rt i l izers) .

2. Industrial pollution: h e re  th e  poss ib i l 
i t ies  a re  leg io n  in view o f  t h e  m y r ia d  
c o m p o u n d s  re leased  b y  m o d e r n  in d u s 
t r ia l  a n d  m in ing  t e c h n o lo g y .  T h e  h a z 
a rds  a t t e n d in g  th e  p re sen c e  o f  such  
in d u s t r ia l  e f f lu e n ts  as lead ,  c a d m iu m  
an d  m e r c u r y  have  b e e n  well  p u b l ic ize d  
in r e c e n t  years .

3. Geological sources: t h e  n a tu r a l  p re s 
ence  o f  z inc ,  m e r c u r y ,  c h r o m iu m ,  
n ick e l  a n d  so  f o r t h  p ro v id es  a m ea n s  
w h e re b y  th e se  m e ta ls  c an  e n te r  th e  
f o o d  cha in .  We have ,  in  fac t ,  n o  c lear 
id ea  as t o  t h e  c o n t r i b u t io n  th e se  g eo 
logical so u rces  m a k e  to  th e  t o ta l  m e ta l  
c o n te n t  o f  fo o d s .  It c o u ld  well  be  
a p p re c ia b le ;  w i th  m e r c u r y ,  fo r  e x 
a m p le ,  it  has  b e e n  e s t im a te d  t h a t  th e  
d ischarge  to  w a te r  f ro m  ro c k s  is o f  th e  
sam e  o r d e r  as t h a t  f r o m  m a n -m a d e  
so u rc es  ( A n o n y m o u s ,  1 9 7 0 ) .4. Food processing: e i th e r  as c o n ta m i 
n a n t s  o f  f o o d  a d d i t iv e s  o r  f ro m  p h y s i 
cal o r  c h em ica l  c o n ta c t  w i th  e q u ip 
m e n t  an d  vessels.  T h u s ,  acid  fo o d s  will 
leach  lead  a n d  c a d m i u m  f r o m  glazed 
p o t t e r y ;  a b ra s io n  o f  m a c h in e r y  gives 
m e ta l  p a r t ic le s  in f l o u r  a n d  c h o c o la te .  
T h ese  a re  so m e  e x a m p le s  o f  th e

so u rc es  o f  t r a c e  m e ta ls  in  fo o d s .  I w o u ld  
like n o w  t o  give so m e  r e c e n t  re su l ts  o b 
ta in e d ,  in C a n ad a ,  b y  th e  H e a l th  P r o t e c 
t io n  B ranch .

RESULTS & DISCUSSION
T O X I C O L O G I C A L L Y  it is o f  p a r a m o u n t  
im p o r t a n c e  to  k n o w  th e  da ily  in ta k e  o f  
t rac e  m e ta ls  by  o u r  p o p u la t io n .  To assess 
th is  in ta k e  w e h ave  a n a ly se d  by  a to m ic  
a b s o r p t io n  s p e c t r o p h o t o m e t r y  c o m p o s 

i tes o f  t h e  12 m a jo r  f o o d  classes (d a iry  
p r o d u c ts ,  m ea t s ,  cereals ,  p o t a to e s ,  leafy  
v egetab les ,  leg u m es ,  r o o t  vege tab les ,  gar
d e n  fru i ts ,  f ru i ts ,  oils  a n d  fa ts ,  sugar p r o d 
u c ts  an d  d r in k s )  f o r  c o p p e r ,  lead ,  zinc,  
n ick e l ,  m an g a n ese ,  c a d m iu m ,  c h r o m iu m ,  
c o b a l t ,  i ro n  a n d  m e r c u r y .  T h e  f o o d s  w ere  
p re p a re d  as b y  t h e  h o u se w i fe .  T h a t  is, 
t h e y  w e re  w a sh e d ,  t r im m e d  a n d  c o o k e d ,  
as a p p r o p r i a te ,  b e f o re  b e in g  a n a ly sed .  
T h e  average d ie t  o f  C a n ad ian s  has  b e e n  
e s t im a te d  by  S m i th  ( 1 9 7 1 )  f ro m  f o o d  d is
a p p e a ra n c e  tab le s  as be in g  n e a r ly  1 8 0 0 g /  
p e r s o n /d a y .  H e n ce  th e  average  d a i ly  in 
t a k e  o f  m e ta ls  c a n  b e  c a lc u la te d :  th e  
average va lues  o b ta in e d  f r o m  surveys  
in 197 0  a n d  1971 a re  sh o w n  in T ab le  1 
( K i r k p a t r i c k  an d  C o f f in ,  1 9 7 3 a ) .

T h e  j o in t  F A O /W H O  E x p e r t  C o m m i t 
tees  o n  F o o d  A d d i t iv e s  have  e s tab l ish ed  a 
m a x i m u m  da ily  lo a d  f o r  c o p p e r  a n d  p r o 
visional  to le ra b le  w e e k ly  in ta k e s  fo r  lead ,  
m e r c u r y ,  a n d  c a d m iu m  (L u ,  1 9 7 3 ;  Jo in t  
F A O /W H O  E x p e r t  C o m m i t t e e  o n  F o o d  
A dd i t ive s ,  1 9 7 2 ) .  F o r  a 6 0  kg  m a n  o n  a 
daily  basis th e se  in ta k e s  a re  3 0 ,0 0 0  /Ug fo r  
c o p p e r ,  4 3 0  ¡ lg  fo r  lead ,  43  f ig  fo r  m e r 
c u ry  a n d  5 7 —72 f ig  fo r  c a d m iu m .  W ith 
th e  e x c e p t i o n  o f  c a d m i u m  all t h e  daily  
in ta k e  re su l ts  f ro m  f o o d  s h o w n  in  T ab le  1 
a re  well b e lo w  th ese  overal l  l im its .  It is 
g enera l ly  a c k n o w le d g e d  t h a t  in g es t io n  
f ro m  f o o d  p ro v id es  o u r  m a jo r  i n ta k e  o f  
t r a c e  m eta ls .

V a r ia t io n s  b e tw e e n  to t a l  d ie t  in ta k e  
va lues f o r  t r a c e  e le m e n ts  d e te r m in e d  in 
d i f f e re n t  c o u n t r i e s  a re  o f t e n  s im ply  a 
m ea su re  o f  th e  d i f f e re n t  d ie t  v o lu m e s  
used  in th ese  s tud ies .  In  th e  U .S .A .,  fo r  
e x a m p le ,  t h e  to ta l  d ie t s  ba sed  o n  th e  e a t 
ing h a b i t s  o f  1 6 —19 y e a r  o ld  m ales give 
an  in ta k e  o f  4  k g /d a y  (D u g g a n  a n d  
W e a th e rw a x ,  1 9 6 7 ) .  T h u s  care  m u s t  be  
e x erc ised  w h e n  m a k in g  in te rn a t io n a l  
c o m p a r is o n s .

H o w ev e r ,  r e ce n t  m o n i to r in g  surveys  in 
th e  U n i ted  K in g d o m  (Survey  o f  Lead in 
F o o d ,  1 9 7 2 )  o n  a s im ila r  da ily  f o o d  in 
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t a k e  ( 1 5 0 0 g )  t o  t h a t  o f  C a n ad a  sh o w  a 
h ig h er  da ily  i n ta k e  c f  lead ,  so m e  200 
p g /p e r s o n ,  t h a n  fo u n d  in  C a n ad a  (T ab le  
1). Th is  h ig h e r  overal l  in ta k e  is re f le c te d  
in h ig h e r  U .K. va lues  fo r  t h e  lead  c o n te n t  
o f  m e a t ,  fish  a n d  vegetab les .

In  o u r  lab o ra to r ie s ,  K i rk p a t r i c k  and  
C o ff in  ( 1 9 7 3 b )  have a n a ly se d  so m e  190 
sam p le s  o f  cu red  m e a t s  fo r  c a d m iu m ,  lead 
a n d  m e rc u ry .  T h e  c a d m iu m  c o n te n t  o f  
t h e  m e a t s  averaged  0 .0 2  p p m  a n d  m e r 
c u ry  0 .0 0 6  p p m ;  th e  average c o n c e n t r a 
t io n  o f  lead  w as 0 .0 5  p p m  e x c e p t  in 
c a n n e d  m e a t s  w h e re  th e  m e a n  was 0 .1 6  
p p m .  A s im ila r  e f fec t  has b e en  r e p o r te d  
b y  Bogen ( 1 9 6 8 )  w h o  fo u n d  c an n e d  
v egetab les  to  have  3 .6  t im e s  th e  lead 
c o n c e n t r a t i o n  o f  f resh  In l im ited  a n a ly 
ses o f  b a b y  fo o d s  we have  f o u n d  t h e  aver
age lead  c o n te n t  o f  t h e  f o o d  in  cans  t o  
range  f ro m  0 . 1 - 0 . 3  p p m  w hils t  t h a t  in 
t h e  ja rs  w as f ro m  0 . 0 4 —0 .0 8  p p m .  It 
w o u ld  seem ,  t h e r e f o r e ,  t h a t  th e r e  is 
so m e  d i s so lu t io n  o f  t h e  lead  in th e  
c an  so ld e r  a l t h o u g h  t in le a d  a lloys ex h ib i t  
a p o s i t iv e  p o te n t i a l  in  r e la t i o n  to  t in  
a n d  i ro n  ( J o in t  F A O /W H O  E x p e r t  C o m 
m i t t e e  o n  F o o d  A dd i t ive s ,  1 9 7 2 ) .  T he  
h ighes t  lead va lues  f ro m  c a n n e d  fo o d s  are 
well  b e lo w  o u r  legal to le ran c e s .

R e ce n t  su rv ey s  o f  so m e  545  fo o d  
sam p le s ,  by  th e  W innipeg  R egiona l  L a b 
o r a to r y  o f  t h e  H ea l th  P r o t e c t io n  B ranch ,  
r e p re se n t in g  th e  m a jo r  15 s tap le  fo o d s  
have sh o w n  average lead a n d  c a d m iu m  
levels o f  0 .1 0  a n d  0 .0 2  p p m ,  respec t ive ly .  
T h e  m e r c u r y  c o n te n t  o f  all b u t  tw o  s a m 
ples was <  0 .01 p p m ,  a p o r k  a t  0 .01  p p m  
a n d  a b e e f  a t  0 .2 0  p p m  be ing  th e  e x c e p 
t ions .  T h e  h ighes t  level o f  c a d m iu m  re 
p o r t e d  was 0 .3 6  p p m  in a sam p le  o f  
t o m a t o e s  a n d  th e  h ighes t  lead  was 1.06 
p p m  in a c ab b ag e  sam ple .

T h ese  re su l ts  re la te  t o  average  c o n c e n 
t r a t i o n s  o f  t r ac e  m e ta ls ;  h o w e v e r  it  is well 
t o  b e a r  in m in d  th e  fo l low ing ;
(1 )  T h e re  m a y  be  a p p re c ia b le  va r ia t io n s  

f ro m  th e  t o t a l  d ie t ,  as c a lcu la te d  by  
“ fo o d  d i s a p p e a r a n c e ,”  w i th  m e m b e rs  
o f  d i f f e re n t  age g ro u p s ,  e th n ic  p o p u la 
t io n s ,  g eo g rap h ica l ly  s i ted  p o p u la 
t io n s ,  a n d  so fo r th .  In  C an ad a  th e  
re su l ts  o f  o u r  r e c e n t  n u t r i t i o n a l  
su r v e y —s o o n  t o  be  p u b l i s h e d —will 
p ro v id e  a s o u n d e r  basis in t h e  f u tu r e  
fo r  d e te rm in in g  th e  t race  m e ta l  c o n 
t r i b u t i o n  f ro m  d i f fe re n t  ty p e s  o f  die t .

(2 )  Loca l  g eo g rap h ica l  ar.d geo log ical  fac 
to r s  as well  as u r b a n  a n d  in d u s t r ia l  
p o l lu t i o n  can  p r o d u c e  w ide  va r ia t io n s  
in t h e  t r ac e  m e ta l  c o n te n t  o f  fo o d s .  
S o m e  in te re s t in g  s tu d ie s  have b e en  
car r ied  o u t  b y  W arren  ( 1 9 7 2 )  w h o  
r e p o r t s  c o n c e n t r a t i o n  ranges  o f  up  to  
3 0 0  w i th  lead  an d  m o ly b d e n u m  c o n 
t e n t s  o f  vege tab le s  f ro m  d i f fe re n t  
loca l it ies .  In  th is  re sp ec t  i t  is i m p o r 
t a n t  t o  n o t e  t h a t  h eav y  m e ta l  c o n 
t a m i n a t i o n  is n o t  s im ply  re la ted  to  a 
p a r t i c u la r  in d u s t r ia l  o p e r a t i o n - i n  th is

Table 1—Average d a ily  in take  (ng/person) o f 
trace metals fro m  foods fo r  1970—1971

Cadmium 67
C h r o m iu m 144
Cobalt 50
C o p p e r 2100
Iron 16600
Lead 138
Manganese 3300
Mercury 13
Nickel 460
Zinc 16900

case m in ing .  W arren  et al. ( 1 9 7 1 )  have 
s h o w n ,  fo r  e x a m p le ,  t h a t  u r b a n  c o n 
t a m i n a t i o n  c an  lead  to  h ig h er  levels o f  
m e ta l  c o n te n t  in local v ege tab les  t h a n  
th o s e  g ro w n  in th e  v ic in i ty  o f  m in ing  
o p e ra t io n s .

T h e  to x ic o lo g ic a l  s ign if icance  o f  these  
levels o f  m e ta l  in fo o d s  is d e te r m in e d  by  
th e  a p p r o p r i a te  n a t io n a l  o r  i n te r n a t io n a l  
(e.g.,  F A O /W H O  E x p e r t  C o m m i t te e )  
a u th o r i t ie s ,  a n d  to le ran c e s ,  m a x im u m  
a c c e p ta b le  in tak es ,  o r  p rov is iona l  to le r 
ab le  in ta k e s  have  b e e n  e s tab l i sh e d  fo r  
m an y  m eta ls .  M ost  o f  o u r  p re sen t  i n fo r 
m a t io n  re la te s  t o  th e  a c u te  o r  sh o r t - t e rm  
e f fe c ts  o f  m e ta ls  a n d  it  is o n ly  in rece n t  
y ea rs  t h a t  a t t e n t i o n  has b e e n  given to  th e  
a ssessm en t  o f  th e  c a rc in o g en ic ,  t e r a to 
genic ,  and  m u ta g e n ic  e f fec ts .  T h e  H ea l th  
P r o t e c t io n  B ranch  ( 1 9 7 3 )  has  re c e n t ly  
p u b l ish ed  a c o m p re h e n s iv e  ap p ra isa l  o f  
t h e  m e t h o d s  availab le  fo r  t h e  t e s t in g  o f  
th e s e  e f fec ts .  In  fac t  m u c h  m o r e  resea rch  
is r e q u i r e d :  w e  n e ed  sc reen ing  te s ts  th a t  
will  en ab le  p r io r i t ie s  to  be  set a m o n g s t  
th e  vast n u m b e r  o f  c h em ica l  c o m p o u n d s  
t h a t  m u s t  be  te s te d  fo r  ca rc in o g e n ic i ty .  
On ly  th e  c o m p o u n d s  t h a t  fail th ese  
sc reen ing  t e s ts  will  b e  s u b je c te d  to  e x p e n 
sive an d  t im e -c o n s u m in g  lo n g - te rm  s t u d 
ies. T h re e  t e s ts  th a t  o f f e r  p ro m ise  in 
sc reen ing  tes ts  will be  su b je c te d  to  e x 
pensive  a n d  t im e -c o n s u m in g  lo n g - te rm  
s tu d ies .  T h re e  t e s ts  t h a t  o f f e r  p ro m is e  in 
th is  a rea  a re;  m u ta g e n es is ,  D N A  rep a ir  
sy n th e s is ,  a n d  in v i t ro  cell t r a n s f o r m a 
t ion .

T h e re  is an  u n d o u b t e d  n e e d  to  c o o r d i 
n a te  p ro g ram s  on  th e  m o n i to r in g  o f  all 
t r ac e  c o n ta m in a n t s ,  in c lu d in g  m e ta ls ,  in 
f o o d s —b o t h  n a t io n a l ly  and  i n t e r n a t i o n 
ally. Th is  n e ed  was m a d e  visible  a t  t h e  
197 2  U .N . C o n fe re n c e  o n  th e  H u m a n  
E n v i r o n m e n t  in S to c k h o lm  in  t h e  fo rm  o f  
a d e f in i te  r e c o m m e n d a t i o n  (N o .  78 ) .  A 
spec if ic  F A O /W H O  p ro p o sa l  has  n o w  
b e e n  ad v an c ed  as a m ea n s  t o  ach ieve  
th ese  e n d s  a n d  o n e  w o u ld  h o p e  t h a t  an 
e m b r y o n ic  s c h e m e  fo r  t h e  m o n i to r in g  o f  
c o n ta m in a n t s  in fo o d s  m a y  well  be  in 
o p e r a t io n  by  1974 .  H o w ev e r ,  b e fo re  e m 
b a rk in g  on  to o  g ra n d io se  a s c h e m e  it is 
e ssen tia l  to  d e f in e  th e  p r io r i t ie s ;  t o  d e te r 

m in e ,  t h a t  is, t h e  re la tive  ra n k in g  o r d e r  o f  
th e  t race  m e ta ls  to  be  a n a ly se d .  T h e re  are 
six  c r i te r ia  r e q u i r e d  to  e s tab l i sh  a p r io r i ty  
lis ting fo r  t h e  m o n i to r in g  o f  t r a c e  m e ta ls :
1. Biological ro le  o f  th e  m e ta l ,  i .e .,  the  

h u m a n  r e q u i r e m e n t .  T h is  c an  b e  e x 
pre ssed  in t e rm s  o f  / ig /k g  b o d y  
w e ig h t /d a y .

2. T o x ic i ty  o f  th e  m e ta l .  T h is  c o m p r i s e s
s u c h  c o m p o n e n t s  as: a b s o r p t io n ,
m e ta b o l i sm ,  a c c u m u l a t i o n ,  e x c r e t io n ,  
a c u t e  a n d  c h r o n ic  e f fe c ts ;  c a r c in o 
gen ic ,  t e r a to g e n ic  a n d  m u ta g e n ic  e f 
fects .  T hese  can  be  e x p re s s e d  in t e r m s  
o f  an  a c c e p ta b le  da ily  i n ta k e  (A D I) ,  
/Ug/kg b o d y  w eigh t ,  o r  a p ro v is io n a l  
to le ra b le  w e ek ly  in ta k e .

3. A c tu a l  in ta k e  o f  th e  m e t a l —p a r t i c u l a r 
ly in t h e  t o x ic  f o r m  if  k n o w n ,  e.g.,  
m e t h y l  m e r c u r y —in f o o d ,  a ir  a n d  
w a te r .  T h is  c an  be e x p re s s e d  as p g /k g  
b o d y  w e ig h t /d a y .

4.  E x te n t  o f  use  o f  th e  m e ta l ,  e.g.,  i n d u s 
tr ia l ,  ag r ic u l tu ra l ,  h o u s e h o ld .  T h is  
an sw ers  t h e  q u e s t io n  as t o  h o w  m u c h  
is u sed  in  a p a r t i c u la r  c o u n t r y  o r  r e 
gion. T h e  a n n u a l  use  o f  a m e ta l  m ay  
be  ex p re ssed  as k g /y ea r .

5. O c c u r re n c e  a n d  ava i lab i li ty  o f  th e  
m e ta l  in the  e n v i r o n m e n t .  T h is  is c o n 
c e rn e d  as t o  w h e t h e r  t h e  m e ta l  is 
even ly  d isp e rse d  o r  w h e t h e r  i t  is 
lo c k e d -u p  a n d  safe. T h u s ,  lead  is r e 
leased f ro m  gaso line  b u t  n o t  f ro m  
b a t te r ie s .  T h e  u n i ts  a re  ag a in  k g /y e a r .

6. P e rs is tence  o f  th e  to x ic  f o r m  o f  th e  
m e ta l  e.g . ,  w h e re  a p p r o p r i a te  m e th y l  
m e r c u r y  r a th e r  t h a n  t o t a l  m e r c u r y .  
T h is  f a c to r  is b e s t  e x p re s s e d  in  c o m 
p a ra t iv e  te rm s ,  i .e .,  h igh ,  m e d iu m ,  lo w ,  
o r  negligible.
Using th ese  c r i te r ia  t e n t a t i v e  ra t in g  

tab les  c a n  be  c o n s t r u c t e d  t h a t  will i l lu m i
n a te  re sea rc h  an d  i n f o r m a t io n  needs .  T h e  
full  use  o f  th e se  t ab le s  will  e n a b le  u s  t o  
m o re  e f fec t iv e ly  p la n  o u r  m o n i t o r i n g  p r o 
g ram s a n d  p re v e n t  t h e  g a th e r in g  o f  i r re le 
v a n t  d a ta .

T h e  fo o d  e x a m in e d  in a m o n i to r in g  
p ro g ram  sh o u ld  be  se lec ted  a t  r a n d o m  
an d  sam p le s  t o  be  a n a ly se d  c o n s id e re d  
w i th in  th re e  c o m p o n e n t s :
1. T h e  m ix e d  to ta l  d ie t  as e a te n :  th is  

m u s t  be  d e te r m i n e d  o n  th e  basis o f  
n a t io n a l  a n d  reg iona l  f o o d  c o n s u m p 
t io n  d a ta .  C o m p o s i te s  o f  th e  m a jo r  
f o o d  classes sh o u ld  be  p r e p a r e d  as fo r  
c o n s u m p t i o n  a t  t h e  tab le .  F r o m  
k n o w le d g e  o f  t h e  average  da ily  d ie t  
t h e  average  i n ta k e  o f  a spec if ic  m e ta l  
c an  be ca lcu la te d .

2. S tap le  fo o d s :  th ese  a re  f o o d s  t h a t  
fo rm  th e  m a jo r  c o m p o n e n t  o f  t h e  d ie t ,  
e.g.,  cerea ls ,  m ilk ,  p o t a t o e s ,  r ice ,  
b re a d ,  fish,  m e a t ,  a n d  will  va ry  w i th  
n a t io n a l ,  r eg io n a l  o r  e th n i c  g ro u p s .  
T hese  f o o d s  m u s t  be  a n a ly se d  se p a 
ra te ly ,  f o r  t h e i r  in d iv id u a l  c o n t r i b u 
t io n  co u ld  e sc ap e  d e t e c t i o n  in t h e  d i
lu te d  m ix e d  t o t a l  d ie t  su rvey .  By
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comparing the value for a specific contaminant with that for a particular food, a ranking can be obtained for each contaminant-staple food combination.3. Indicator foods: analysis of thesefoods can give valuable early warning of potential food contamination problems. Foods that accumulate contaminants, (e.g., mollusca), or that are high on the food chain, (e.g., fish such as pike, raptorial birds), serve as valuable indicators.By the development of food monitoring programs on these bases—using ranking criteria for the metals and for the food groups—it will be possible to more effectively establish the toxic potential of trace metals in our foods—both in our own countries and internationally.
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DENATURATION OF PLANT PROTEINS RELATED TO FUNCTIONALITY 
AND FOOD APPLICATIONS. A Review

INTRODUCTION
ALTHOUGH DENATURATION of pro
tein has been studied by a number of in
vestigators, relatively few studies have 
been directed to plant proteins. Reviews 
on protein dénaturation in general were 
published by Kauzmann (1959), Scheraga
(1961), Joly (1965) and Tanford (1968,
1970); on wheat proteins by Bourdet 
(1956); and on soybean proteins by Wolf
(1972).

Dénaturation may be defined in gener
al terms as any modification of the sec
ondary, tertiary or quaternary structure 
of the protein molecule, that does not 
break covalent bonds. A change in pro
tein structure is usually associated with 
changes in physical-chemical and func
tional properties.

METHODS OF DENATURATION
Heat

The degree of heat processing of soy 
flour affects the properties of the prod
ucts. Although soy flours can have a wa
ter-dispersible protein as high as 90% 
without heat treatment, after a high heat 
treatment the water-dispersible protein 
can be below 1 0 %.

Some correlations have been found be
tween functional characteristics of soy 
flour in various applications and nitrogen 
solubility index (NSI is the percentage of 
total nitrogen in a sample that is water 
dispersible based on the method used) 
(Johnson, 1970). The results of a study 
to correlate NSI of a soy flour and 
its water-absorption characteristics are 
shown in Table 1 (Dippold, 1961). Ap
parently as NSI decreases, water absorp
tion increases to a point and then de
creases with decreasing NSI.

Soy protein concentrates produced by 
different manufacturers may have NSI 
values ranging from 5-70% (Johnson,
1970). Generally, the higher the water- 
dispersible protein in a soy protein con
centrate the better its emulsifying action. 
Whipping properties of soybean products, 
expressed by foam expansion and foam 
stability, correlate with water-dispersible 
nitrogen, and the resultant foams were 
stable when the dissolved proteins were 
native (Yasumatsu et al., 1972).

When isolated soy proteins are pre
pared from a starting raw material receiv
ing a minimum heat treatment and having 
water-dispersible protein in a range of 
80% or more, such proteins do not have 
gelling properties like those of proteins 
heat-treated to be 50-60% water dispersi
ble.

Heat and moisture cause progressive 
insolubility of the protein in soybean 
meal (Beckel et al., 1942), and this dé
naturation is nearly quantitative in 2.5 hr 
at 127°C and 100% relative humidity. 
The effect of heat and other factors on 
gelation of soy protein dispersions was 
reported by Circle et al. (1964). Heat 
causes thickening and then gelation of 
aqueous dispersions above 7% by weight. 
Temperature, time of heating and protein 
concentration determine rate of gelling 
and gel firmness.

Watanabe and Nakayama (1962) 
found that distinct changes in ultracentri
fugal patterns resulted from heating a 
solution of water-extracted protein of 
soybean at pH 7.0 for 10 min at 80°C, 
that the main components disappeared 
and that new ones which were formed 
had higher sedimentation velocity. A 
series of “native” defatted soy flakes was 
subjected to both dry heat (130°C) and 
wet heat (steaming at 100°C) for differ
ent times (Pour-El and Peck, 1973). When 
these samples were analyzed for protein 
solubility by two accepted methods, wet 
heat had a harsher effect than dry heat. 
General functionality dropped with the 
length of treatment for either.

Table 1—Correlation between NSI and 
water-absorption characteristics of soy 
flour3

Water absorption
NSI <%)

85 270
70 385
55 370
15 290

a Dippold, 1961

The effects of heating time on soybean 
11S protein at 100°C in pH 7.6 solution 
were determined at different ionic 
strengths with varying levels of mercapto- 
ethanol by Wolf and Tamura (1969). 
Heating at 0.5 ionic strength rapidly con
verted 11 S protein into a fast-sedimenting 
aggregate and a 4S fraction. The soluble 
aggregate increased in size and precipi
tated on continued heating. Soybean 11S 
protein is dissociated into subunits by ex
posure to temperatures above 70°C. The 
thermal aggregation of these subunits was 
investigated by turbidity measurements 
(Catsimpoolas et al., 1970a). The rate and 
extent of aggregation were enhanced by 
low ionic strength but depressed at ex
treme acidic or alkaline pH values, as well 
as at high ionic strength. The antigenicity 
of soybean 1 1 S protein disappeared 
rapidly at temperatures between 70 and 
90°C, and the immunological inactivation 
it different temperatures was a time- 
dependent phenomenon (Catsimpoolas et 
ah, 1971b).

Kunitz (1948) studied the kinetics and 
thermodynamics of reversible dénatura
tion of crystalline soybean trypsin inhibi
tor and found that the protein is stable 
over a wide pH range at temperatures 
below 30°C. The protein was gradually 
denatured if heated to higher tempera
tures. Also, denautration is accompanied 
by a loss in trypsin-inhibiting power and 
by a change in solubility. Pepsin readily 
digests the denatured protein in contrast 
to the native protein. The heat-denatured 
protein, when cooled, is gradually re
versed to its native soluble form. Irreversi
ble dénaturation is caused by prolonged 
heating, brief heating of the protein solu
tion at its isoelectric point or adding salt. 
V/u and Scheraga (1962) observed a 
rather sharp thermal transition of soy
bean trypsin inhibitor from ultraviolet 
difference spectra measurements. The 
transition is reversible at pH 6 . 6  and 9.0 
a: low ionic strength but irreversible at 
pH 1.3. The transition temperature de
pends on pH and ionic strength.

Heat inactivation of soybean hemag
glutinin at different pH values was re
ported by Liener (1958). Maximum sta
bility toward thermal inactivation was 
between pH 6  and 7. Mustakas et al.

2 ^ —JOURNAL OF FOOD SCIENCE-Volume 39 (1974)
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F i g .  1 — D é n a t u r a t i o n  o f  w e t ,  g u m  g l u t e n  b y  h e a t  a t  v a r i o u s  t e m p e r a t u r e s  a s  m e a s u r e d  b y  ( A )  l o s s  o f  s o l u b i l i t y  i n  d i l u t e  

a c e t i c  a c i d  a n d  I B )  d e c r e a s e  i n  l o a f  v o l u m e  o f  r e c o n s t i t u t e d  d o u g h s .  G l u t e n  f r o m  c o m m e r c i a l  f l o u r  n o .  1 .  S t r a i g h t  l i n e s  

c a l c u l a t e d  b y  m e t h o d  o f  l e a s t  s q u a r e s  I P e n c e  e t  a h ,  1 9 5 3 ) .

(1969) evaluated various heat treatments 
for effectiveness of lipoxygenase deactiva
tion. Dry heat to 100°C, steaming, or 
both, deactivated lipoxygenase to give 
flours with good flavors after 2  years’ 
storage.

Pence et al. (1953) studied the effects 
of time, temperature, moisture content, 
pH and salt concentration on the dénatur
ation of wheat gluten by heat ranging 
from 70—90°C. Dénaturation was meas
ured by loss of solubility in dilute acetic 
acid as a function of time from 70—90°C 
(Fig. 1A). Little decrease in solubility was 
seen at 70°C for up to 60 min, but loss in 
solubility of gluten was considerable at 
75°C for the same length of time. The 
decrease in solubility was much more 
rapid at higher temperatures, and at 90°C 
most of the gluten became insoluble in 30 
min.

The dénaturation of wet, gum gluten 
by heat from 70-85°C as measured by 
the decrease in loaf volume of reconsti
tuted doughs is plotted in Figure IB. 
Some loss in loaf volume was observed at 
70°C for 20 min, and the loss was more 
pronounced at higher temperatures until 
less than half the original loaf volume 
resulted at 85°C for 20 min. The relation 
between temperature and rate of dénatur
ation of wet, gum gluten by heat as meas
ured by the baking test and by the solu
bility method is shown in Figure 2. 
Gluten dénaturation was essentially a 
first-order reaction with an energy of 
activation of approximately 35,000 calo
ries per mole by the baking-test method

and 44,000 calories by the solubility 
method.

The effect of moisture content upon 
rate of dénaturation of gum gluten by

F i g .  2 — R e l a t i o n  b e t w e e n  t e m p e r a t u r e  a n d  r a t e  

o f  d é n a t u r a t i o n  o f  w e t ,  g u m  g l u t e n  b y  h e a t  a s  

m e a s u r e d  b y  t h e  b a k i n g - t e s t  m e t h o d  ( c u r v e  1 )  

a n d  b y  t h e  s o l u b i l i t y  m e t h o d  ( c u r v e  2 ) .  T h e  

e n e r g y  o f  a c t i v a t i o n  ( E  = s l o p e  x R )  e q u a l s  

3 4 , 6 0 0  c a l o r i e s  p e r  m o l e  b y  t h e  b a k i n g  t e s t ,  

a n d  4 3 , 8 0 0  b y  s o l u b i l i t y  ( P e n c e  e t  a ! . ,  1 9 5 3 ) .

heat is seen in Figure 3A. The solubility 
method (curve 1 ) shows that dénatura
tion is rapid at 90°C as long as the mois
ture content remains above 35%. Below 
this value the rates diminish rapidly until 
no measurable dénaturation can be de
tected for heating periods up to 1 hr at 
5% moisture. At 80°C, gluten from a 
second flour showed a well-defined maxi
mum rate of dénaturation around 40% 
moisture by both baking-test and solubil
ity method (curves 2 and 3). Curves 2 and 
3 are similar in shape, but values obtained 
with the baking-test method are larger 
than those obtained with the solubility 
method at the same moisture levels.

The effect of pH on rate of dénatura
tion of gluten by heat is plotted in Figure 
3B. Dénaturation proceeds slowly at pH 4 
but increases rapidly as pH rises to about 
5 (curve 1). The rate remains constant 
until about pH 6  where another sharp in
crease occurs, and the rate again becomes 
fairly constant between pH 6.5 and 7.5. 
At 80°C, gluten from the second com
mercial flour (curves 2 and 3) behaves 
similarly, except that more pronounced 
minima were seen between pH 4.5 and 6 . 
The low rate of dénaturation observed 
with the solubility method for gluten 
heated at 90°C near pH 4 (curve 1) was 
confirmed by the baking-test method.

Variations in salt concentration had no 
effect on rate of dénaturation of gluten 
by heat but may influence the damage to 
baking properties caused by low pH con
ditions. The rates of dénaturation of 
glutens from flours of different quality
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F i g .  3 — T h e  e f f e c t  o f  ( A )  m o i s t u r e  c o n t e n t  a n d  ( B )  p H  o n  r a t e  o f  d é n a t u r a t i o n  o f  g l u t e n  b y  h e a t .  C u r v e  1 ,  s o l u b i l i t y  

m e t h o d  o n  g l u t e n  f r o m  c o m m e r c i a l  f l o u r  n o .  1 h e a t e d  a t  9 0 °  C ;  c u r v e  2 ,  b a k i n g - t e s t  m e t h o d  o n  g l u t e n  f r o m  c o m m e r c i a l  

f l o u r  n o .  2  h e a t e d  a t  8 0 P  C ;  c u r v e  3 ,  s o l u b i l i t y  m e t h o d  o n  g l u t e n  f r o m  c o m m e r c i a l  f l o u r  n o .  2  h e a t e d  a t  8 0 '  C  ( P e n c e  e t  a l . ,  

1 9 5 3 ) .

varied significantly, but there is no corre
lation between rate of dénaturation of 
gluten and baking quality.

The rate of dénaturation of the gliadin 
fraction of wheat gluten at 90°C by the 
solubility method is displayed in Figure
4. An induction period of about 10 min 
occurs before dénaturation starts. After 
this interval, the dénaturation attains a 
first-order rate about one-third as large as 
that of gluten under similar conditions.

The excellent parallelism between 
baking-test and solubility results indicates 
that the solubility method can be used 
with confidence for studies on heat dé
naturation of gluten. The heat dénatura
tion of gluten is a good example where 
dénaturation correlates well with func
tionality.

The degree of dénaturation of protein 
in vital gluten was measured by viscosity 
and optical rotation of the dispersion 
(Dalek et ah, 1970). Studies of drying 
methods demonstrated that freeze drying 
and vacuum drying did not denature 
gluten and that spray drying and drum 
drying changed molecular structure signif
icantly. The heat dénaturation of wheat 
grain proteins greatly increased the 
capacity of the grain to bind methylene 
violet, malachite green and brilliant green 
from 0 .0 0 1 % water solution (Kotlyar,
1967). The safe temperature limit for 
drying of grain depends on moisture con
tent; at 19% moisture grain may be dried 
at 60°C, whereas at 26% it may be dried 
only at 50° without loss of vitality.

Rohrlich (1955) studied the influence 
of drying wheat grain on enzyme activity 
of wheat and gluten protein. Catalase 
activity remains relatively unaffected by 
heat up to 65°C, but at 65°C activity 
begins to decrease rapidly, and at 100°C 
it amounts to only about 30% of its origi
nal value. Activity of protease decreases 
proportionately with increase in tempera
ture, and at 100°C only about 30% of the 
original activity remains. The /3-amylase 
activity decreases with rising temperature

to about 40% at 100°C. Up to a tempera
ture of about 65°C, the soluble portion 
of endosperm protein in normal acetic 
acid increases by about 5%, and then 
up to 100°C it decreases by about 19%.

Moran et al. (1968) found that hemag
glutination and antitrypsin activities, 
originally high, were negligible after auto
claving wheat germ meal at 121°C (15 
psi) and drying at 50°C or after toasting 
in a rotary drum drier at 121°C. Kasarda 
et al. (1968) measured optical rotatory

F i g .  4 — T h e  r a t e  o f  d é n a t u r a t i o n  o f  g l i a d i n  a t  9 0 °  C  a s  m e a s u r e d  b y  l o s s  

o f  s o l u b i l i t y  i n  d i l u t e  a c e t i c  a c i d  ( P e n c e  e t  a ! . ,  1 9 5 3 ) .
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dispersion and circular dichroism of a- 
gliadin between 4 and 90°C. Above 30°C 
the helical content decreased gradually, 
but even at 90°C about 65% of the helical 
structure present at 25°C remained in
tact.

The effect of dry roasting at 145°C on 
the stability of peanut proteins was re
ported by Neucere et al. (1969). Solubil
ity of the proteins in phosphate buffer 
was reduced to less than one-half, and 
both dissociation and association oc
curred as shown by sedimentation analy
sis. The major reserve protein, a-arachin, 
increased in electrophoretic mobility, and 
all other proteins showed modified 
physico-chemical properties. Neucere
(1972) also studied the effect of wet and 
dry heats (110—155°C) on peanut pro
teins. Only two proteins out of approxi
mately 14 antigenic constituents re
mained antigenic after heating peanuts 
with 40% moisture at 110°C. On the 
other hand, dry heat induced sequential 
antigenic destruction between 1 1 0  and 
15 5°C. Disc electrophoresis showed 
greater difference in protein migration for 
the dry- than for the wet-heated seed. 
Protein solubility was inversely propor
tional to temperature with dry heat, but a 
sigmoid curve was observed after wet 
heat. The maximum solubility of a- 
arachin after wet heat occurred at 120°C.

Heat dénaturation of corn proteins 
was examined as a function of moisture, 
temperature and duration of heating 
(Braterskii, 1969). No change occurred 
below 40°C; complete dénaturation oc
curred at 58°C with 58% moisture within 
30 min, with 27% moisture at 60°C with
in 60 min and with 14% moisture at 70°C 
within 60 min. The rate of dénaturation 
is first order above 40°C, and the rate 
increases 1.8- to 7.4-fold for salt-soluble 
proteins in the endosperm and 1.4- to
6 .8 -fold for those in the embryo, for each 
10°C increase. The intensity of hydro
lytic and oxidation-reduction processes in 
corn during drying was studied by 
changes in activity of lipase and dehy
drogenase and in the level of water-solu
ble proteins (Bukhantsov and Sirko,
1969). The level of water-soluble proteins 
decreased with increased heating rate and 
temperature. The decrease in solubility 
was an indirect measure of decrease of 
enzymatic activity.

The degree of dénaturation of proteins 
during roasting of cottonseed pulp is in
fluenced by moisture, temperature, time 
and degree of crushing (Koneva and 
Rzjekhin, 1967). Dénaturation is linearly 
dependent on degree of crushing at near 
80°C for 50 min. Dénaturation occurred 
mainly during cooking and preliminary 
pressing of cottonseed (Markman and 
Karavaeva, 1969). The amounts of water- 
and salt-soluble proteins decreased while 
alkali-soluble and insoluble proteins in
creased. Heat treatment caused a decrease

in solubility of bean protein in water and 
in salt solution and increased its solubility 
in NaOH (Lobanov and Treneva, 1966). 
Treating sunflower seed at 60, 80 or 
100°C for 10, 20 or 30 min decreased the 
albumin fraction and increased the globu
lin and glutelin fractions (Segal, 1968).

Heating ground rye, wheat and rice 
products at various temperatures for long 
periods inactivated the enzymes lipase, 
acetylesterase, peroxidase and lipoxy
genase (Rothe and Stoeckel, 1967). The 
temperature effect becomes apparent for 
each enzyme at a specific temperature 
level, and linear relations exist between 
inactivation temperature and moisture 
content of the products. The inactiva
tion-limiting temperature at 0 % water for 
wheat germ and rice peroxidases is 108°; 
rye acetylesterase, 106°; rye and rice 
lipase, 94°; rice acetylesterase, 92°; and 
wheat germ lipoxygenase, 67°C.

Two sweet-tasting proteins, thaumatin 
I and II, have been isolated from katemfe, 
a tropical African fruit, and one, 
monellin, from serendipity berry (van der 
Wei, 1973). Circular dichroism measure
ments show that these proteins undergo 
reversible conformational changes as tem
perature increases. At a certain tempera
ture depending on pH, however, irreversi
ble heat dénaturation occurs. Circular 
dichroism, proton magnetic resonance 
and ultraviolet difference spectroscopy 
measurements reveal that tyrosine resi
dues, and at least one disulfide, are in
volved in this conformational change. 
Since these irreversible changes coincide 
with a loss of sweetness, the groups 
underlying the conformational change 
also help generate the sweet taste.

Acid or alkali
Almost all proteins are affected by 

hydrogen or hydroxyl ions. The effect of

pH and ionic strength on the behavior of 
soybean 11 S protein in acid systems was 
studied by ultracentrifuge (Rackis et ah, 
1957). The 11 S protein in acid solution is 
a freely reversible association-dissociation 
system containing three resolvable frac
tions having sedimentation coefficients of 
approximately 2, 7 and 13S. An unresolv- 
able fraction having a sedimentation coef
ficient value of more than 13S is also 
present. The relative amounts of the frac
tions depend upon pH, ionic strength and 
type of salt. Low pH and low ionic 
strength favor dissociation primarily into 
the 2 and 7S fractions.

Ultracentrifugal studies indicate that 
soybean 1 1 S globulin is capable of under
going conformational changes probably 
involving dissociation into subunits which 
appear to be one-half and approximately 
one-eighth the size of the 11 S molecule 
(Wolf and Briggs, 1958). These changes 
occur not only at low ionic strength at 
alkaline pH values, but also at moderate 
ionic strengths at acid pH values. The 
conformational changes generated at low 
ionic strength and alkaline pH are reversi
ble on increasing the ionic strength, but 
those generated at acid pH are irreversi
ble. Effect of pH and ionic strength on 
the 1 1 S protein suggest that dissociation 
is due to forces of electrostatic repulsion 
between the subunits (Wolf et al., 1958). 
Changes with time in some systems were 
dissociation, aggregation without precipi
tation or aggregation with precipitation. 
Dissociation is accompanied by an in
crease in levorotation, a condition that in
dicates configurational changes of the 
subunits take place and that these 
changes may be responsible for irreversi
bility of dissociation and for aggregation 
under certain conditions.

The exposure of acid-precipitated soy 
protein to sodium hydroxide at high pH
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markedly increases its relative viscosity 
and rapidly shifts the sedimentation con
stants of the 2, 7, 11 and 15S ultracentri
fuge components to essentially 3S (Kelley 
and Pressey, 1966). The shape and magni
tude of the viscosity curve depend on the 
concentration of protein and sodium 
hydroxide as well as time.

The effect of time and concentration 
of soy protein, in 0.95% sodium hy
droxide, on viscosity of dope solution is 
plotted in Figure 5. The viscosity of the 
pH 12 suspension increases rather sharply 
during the first 15 min and then levels 
off. The concentration of protein deter
mines the magnitude of the curves as well 
as the time at which the solutions reach 
maximum viscosity. Protein concentra
tions of 14.5% or higher form gels, which 
cannot be spun, whereas concentrations 
lower than about 12 5% yield solutions 
having viscosities too low for spinning.

The concentration of sodium hy
droxide during dope formation sets the 
practical limits within which the protein 
content can be varied. The viscosity 
curves in Figure 6  display a suitable con
centration (0.95% sodium hydroxide) 
along with higher and lower levels. At 
0.81% sodium hydroxide, solutions of 
low viscosity that increases slowly with 
time are produced. However, a concentra
tion of 1 . 1 % induces maximum viscosity 
rapidly, which then slowly decreases, 
presumably because of protein degrada
tion.

Conversion of soy protein into coag
ulated fibers, which can be formulated 
into textured food products, usually de
mands a pH in the range 9 to 13.5 but in 
practice at least 10.5 (Tombs, 1972). A 
serious disadvantage of these processes is 
their use of a high pH, which tends to 
degrade the protein and requires complex 
procedures to ensure uniformity in the

alkaline solution subjected to spinning. A 
different process avoids a high pH and 
dissolves the plant protein at pH 3—9 by 
a water-soluble salt, such as 0.2M NaCl. 
An edible protein fiber is produced by 
extruding the aqueous protein into an 
aqueous medium above 80°C to get a 
heat-set product, in contrast to the con
ventional method of extruding a strongly 
alkaline protein solution into an acid-salt 
coagulation bath.

In solution with lower pH than the iso
electric point, soybean 7S protein dis
sociated into two components in low 
ionic strength, but above ionic strength 
0.1 it gave a 7S sedimentation pattern 
(Koshiyama, 1968). On the other hand, 
in solution with higher pH than isoelec
tric point, this protein aggregated to a 9S 
isomer below ionic strength 0.1. The mix
ture of 7S and 9S forms existed between 
ionic strength of 0.1 and 0.5, and the pro
tein kept a stable 7S form above ionic 
strength 0.5. These reactions were reversi
ble, and the 9S isomer was considered to 
be a dimer of the 7S protein based on 
molecular weight studies.

Ultraviolet difference spectra indicated 
that both tyrosine and tryptophan groups 
are exposed by treating soybean 1 IS pro
tein with acid at pH 2 (Catsimpoolas et 
al., 1969). Acid at pH 2 and alkali at pH 
1 1  cause dissociation of the 1 1 S protein 
into subunits and subunit association 
products according to disc electro
phoretic data. Koshiyama (1972) com
pared the acid-induced conformational 
changes between 7 and 11S soybean pro
teins by ultraviolet difference spectra, 
ultracentrifugation and optical rotatory 
dispersion. Maximum denaturation oc
curred at approximately pH 2 in both 
proteins, and simultaneously, dissociation 
of the proteins into subunits and unfold
ing of the polypeptide chains were ob

served. However, both proteins showed 
apparent differences in their readiness to 
undergo acid-induced denaturation, and 
the differences were particularly remark
able in the presence of 0 . 1  ionic strength 
sodium chloride.

Time of acid treatment and extremes 
of acidity caused denaturation of water 
extract of soybean meal (Nash et al.,
1971). Loss of solubility in a pH 7.6 buf
fer, as compared to a nonacidified con
trol, served as a criterion of denaturation. 
Acidification of water extracts for 2 hr to 
pH 4.5 decreased solubility and total 
ultracentrifuge area of the globulin frac
tion by about 12%. The 11S protein 
showed marked sensitivity to pH values 
lower than 4.5. Both 7S and 11S frac
tions decreased in water extractability 
with aging of the meal.

Organic solvents
Both hot and cold methanol or etha

nol extraction of soybean meal reduced 
the subsequent extractability with water 
or salt solutions of all the protein com
ponents, but the effect was most pro
nounced on globulin components (Mann 
and Briggs, 1950). Hot extractions were 
more effective in reducing protein ex
tractability. Denaturation of protein in 
soybean meal by various concentrations 
of methanol, ethanol, isopropanol and 
acetone has been investigated in the tem
perature range of 30—75°C for various 
time intervals (Smith et al., 1951). De
naturation was measured by the change in 
water dispersibility of the protein before 
and after treatment of the meal with sol
vents. Water is less effective as a déna
turant under certain conditions than pure 
organic solvents, and alcohol-water solu
tions, at 40—60% concentration, are the 
most effective. Denaturation of the pro
teins is nearly complete in 5 min.

Of the four components of soybean 
globulins resolvable in an analytical ultra- 
centrifuge, the 7S component is rapidly 
denatured (rendered insoluble in phos
phate buffer at pH 7.6, ionic strength 
0.5) when the wet curd is brought into 
contact with an ethanol-water mixture of 
20% or more alcohol (Roberts and Briggs,
1963). However, the rate of denaturation 
of 1 1 S and 1 SS components is slow, and 
the 2S component is not denatured at all. 
Effects of isopropanol concentration, and 
time and temperature of isopropanol 
treatment on solubility of soybean globu
lins in buffer at pH 7.5, ionic strength 0.5 
were studied (Wolf et al., 1964). Insolu
bility of the proteins in this buffer was 
used as a criterion of denaturation. Ultra
centrifugal and chromatographic analyses 
of the proteins soluble in buffer showed 
that the 7S, 11S and 15S components 
were denatured by isopropanol at 25°C 
but that the 2S component was not. 
Maximum denaturation in 2 hr at 25°C 
occurred with 40% isopropanol, and the
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7S component was most susceptible to 
dénaturation. Increasing temperature of 
the alcohol treatment increased the rate 
of dénaturation and also caused the 2 S 
fraction to be denatured.

A systematic study was made of the 
denaturing ability of around 30 kinds of 
organic solvents toward soybean proteins 
(Fukushima, 1969). Usually the denatur
ing ability of organic solvents depended 
on their hydrophobicities and their 
degree of dilution by water. Highly 
hydrophobic solvents had little denatur
ing power toward proteins, even at high 
temperatures. The denaturing power of 
solvents increased with addition of water 
and that of water also increased with ad
dition of solvents. Lower alcohols were 
much stronger dénaturants than other sol
vents studied. The denaturing ability of 
alcohols at low concentration increased 
with the hydrophobicities of alcohols, 
whereas the reverse was found at high 
concentrations.

The denaturing effect of heptane, car
bon tetrachloride and acetone on peanut 
proteins was studied by comparing the 
chromatograms of solvent-treated pro
teins with those from nonsolvent-treated 
proteins (Neucere and Ory, 1968). Some 
proteins become more insoluble, some ap
pear to be partially dissociated, while 
others seem to form families of proteins 
with similar chromatographic properties. 
The albumin and the conarachin fractions 
showed the most change in solubility 
properties.

Detergents
Soybean 11S protein undergoes con

formational changes probably involving 
dissociation into subunits in the presence 
of sodium octylbenzene sulfonate (Wolf 
and Briggs, 1958). The conformational 
changes generated by free detergent con
centration of 0.42 x 10'3M or less are 
reversible on removal of the detergent 
and an increase in the ionic strength at 
neutral pH. However, conformational 
forms of the protein generated at free 
detergent concentration of 7.3 x 10'3M 
are irreversible. Soybean 7S protein was 
dissociated into subunits by treatment 
with 0.025 to 0.25% sodium dodecyl sul
fate (Koshiyama, 1970). The subunit had 
a sedimentation coefficient of 2S and a 
molecular weight of 34,000. The deter
gent treatment contributed new partial 
formation of an a-helical conformation 
for the subunits. Conformational studies 
of soybean 7S and 1 IS proteins by opti
cal rotatory dispersion and circular di- 
chroism indicated that the formation of 
a-helix accompanying its dissociation into 
subunits and that changes of molecular 
ellipticity by treatment with sodium 
dodecyl sulfate were less in the 11 S than 
in 7S proteins (Koshiyama and Fuku
shima, 1973).

The effect of sodium octyl-, decyl- and

dodecyl sulfates and of sodium dihexyl- 
and dioctyl sulfosuccinates on soybean 
trypsin inhibitor was investigated (Jirgen- 
sons, 1962). The surface active anions en
hanced the viscosity of this protein and 
caused a negative shift of bQ. The optical 
rotatory dispersion curve of the native 
protein was smooth in the far ultraviolet, 
and the surface active anions produced a 
Cotton effect at 230—240 nm. Evidently, 
the hydrophobic groups of the anions in
teracted with the hydrophobic interior of 
the protein, and the native nonhelical 
conformation of the protein changed into 
a different order. This change is opposite 
to that observed in dénaturation of heli
cal proteins. Circular dichroism of solu
tions of soybean trypsin inhibitor and 
papain was determined in the presence 
and absence of sodium dodecyl sulfate 
(Jirgensons, 1972). The circular di
chroism bands in the 240—320 nm spec
tral zone were almost completely elimi
nated by the detergent, a condition 
indicating that tertiary folding was dis
turbed. The circular dichroism bands in 
the far ultraviolet were modified by sodi
um dodecyl sulfate in a manner that indi
cated increase of the a-helix content in 
these proteins. Reconstructive dénatura
tion is suggested for this type of dénatur
ation in which the helix content of the 
protein is increased by the denaturing 
agent.

Urea and guanidine hydrochloride
The viscosity of native soybean pro

tein and urea-denatured protein increased 
with protein concentration, and the urea- 
denatured protein displayed great concen
tration dependence (Shibasaki et al.,
1969). The protein increasingly dissoci
ated into subunits with increasing urea 
concentration and time of exposure to 
urea. Sedimentation coefficient of the 
subunits obtained by treating soybean 7S 
protein with 8 M urea was 1.35S and 
molecular weight was 22,500 (Koshi
yama, 1970). Urea treatment almost com
pletely unfolded the subunit structure on 
the basis of optical rotatory dispersion.

Soybean 11S protein undergoes dis
sociation into subunits in the presence of 
relatively low concentrations of urea 
(Wolf and Briggs, 1958). The 11S protein 
is irreversibly dissociated by urea, and 
dissociation products remain in solution 
and do not show significant association 
after removal of the urea (Vaintraub, 
1967). Chromatography of dissociated 
1 1 S protein reveals four main fractions, 
each of which is characterized by a partic
ular N-terminal amino acid and a partic
ular group of electrophoretic zones. 
Therefore, the 11S protein contains at 
least four different kinds of subunits.

Ultraviolet difference spectra indicated 
that urea and guanidine hydrochloride at 
increasing concentrations caused progres
sive exposure of tyrosine and trypto

phan residues in soybean 1 1 S protein 
(Catsimpoolas et al., 1970b). Electro
metric and spectrophotometric titrations 
of the 11S protein in 0.4M KC1 in the 
presence of 6 M guanidine hydrochloride 
and 6 M urea showed that conformational 
changes occurred at alkaline and acidic 
pH values (Catsimpoolas et al., 1971a).

A relatively small change in viscosity 
and polarization fluorescence of soybean 
trypsin inhibitor occurs in 9M urea 
(Edelhoch and Steiner, 1963). At high 
temperatures or at alkaline pH, a transi
tion to a largely unorganized structure oc
curs in the presence of 9M urea. In addi
tion, a blue shift develops in the 
difference spectrum, and major changes 
in viscosity and polarization of fluores
cence take place.

Hydrogen-ion titration curves of wheat 
gluten in 2M and 4M guanidine hydro
chloride at 25°C indicated that the em
pirical electrostatic factor w at acid pH 
was considerably larger than it was at 
alkaline pH, and a larger decrease in w 
was observed in alkaline than in acid solu
tions when the solvent was changed from 
2M to 4M guanidine hydrochloride (Wu 
and Dimler, 1964a). These changes in w 
suggest that the conformation of gluten 
in guanidine hydrochloride depends on 
pH and that the conformation in acid 
solution is more stable. Hydrogen ion 
equilibria of wheat gluten, glutenin and 
gliadin in 3M urea plus 0.15M KC1 at 
25°C showed that the empirical electro
static factor w at acid pH was signifi
cantly larger than it was at alkaline pH 
for each protein, and this difference sug
gests that a conformational change has 
occurred (Wu and Dimler, 1963a, b).

Viscosity, sedimentation velocity, ul
traviolet difference spectra and optical 
rotatory dispersion measurements were 
carried out on wheat gluten, glutenin and 
gliadin in 3M urea plus buffer at pH 3 — 10 
at 25°C (Wu and Dimler, 1964b). An in
crease in intrinsic viscosity and a decrease 
in sedimentation coefficient for glutenin 
at pH 10, compared with that at pH 4, 
suggested an increase in asymmetry of the 
protein molecule. Optical rotatory disper
sion results on glutenin also indicated a 
conformational change at pH 10.

Conformations of gluten, glutenin and 
gliadin were studied by optical rotatory 
dispersion in 3M urea plus buffer at sever
al pH values, and in 0.002N HC1 (Wu and 
Cluskey, 1965). Gliadin contained more 
a-helix than glutenin and all three pro
teins contained more a-helix in hydro
chloric acid than in urea solutions. From 
optical rotatory dispersion data an a-helix 
content of 38% was calculated for gliadin 
in trifluoroethanol; 35% for glutenin. On 
the other hand, little or no a-helix was 
found when the proteins were dispersed 
in 8 M urea solutions (Cluskey and Wu,
1971).

The number-average molecular weights
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of wheat gluten and gliadin by osmotic 
pressure at 25°C between pH 4.7 and 7.5 
are 67,300 and 46,600, respectively, and 
are constant at ionic strengths between 
0.0025 and 0.15 (Wu et al„ 1967). 
Gluten and gliadin are aggregated con
siderably in aluminum lactate buffer of 
pH 3.2 to 3.4, but in 3M urea plus alumi
num lactate buffer the molecular weight 
of gluten is not much higher than 67,300. 
The molecular weights from ultracentri
fuge data of gliadin, and gliadin with the 
high-molecular weight component re
moved by a crosslinked dextran column, 
were 49,200 and 30,300, respectively, in 
3M urea plus 0.15M KC1 at pH 3.1 
(Sexson and Wu, 1972). Molecular weight 
for gliadin in 6 M guanidine hydrochloride 
plus 0.1M acetic acid was 46,000 by sedi
mentation equilibrium (Beckwith et al.,
1966).

Increase of intrinsic viscosity and de
crease of turbidity of glutenin were ob
served with increasing concentrations of 
guanidine hydrochloride up to 6 M, and a 
limiting state was attained above 6 M 
(Hamauzu and Yonezawa, 1972). The 
molecular weight of glutenin in 3M guani
dine hydrochloride was 3.8 million and 
decreased to a limiting value of 850,000 
above 6 M.

The molecular weights of wheat y t - 
and 7 3-gliadins in 3 and 8 M urea, as well 
as in 6 M guanidine hydrochloride, at 
several pH values were determined from 
sedimentation equilibrium data in an 
ultracentrifuge (Sexson and Wu, 1972). 
The respective minimum molecular 
weights for 7 [- and 7 3 -gliadins, obtained 
in 3M urea plus 0.15M KC1 at pH 3.1, 
were 30,300 and 34,700.

The molecular conformation of sor
ghum prolamin was studied by optical 
rotatory dispersion, circular dichroism 
and infrared spectra in several solvents 
(Wu et ah, 1971). Optical rotatory disper
sion data of the prolamins in 60% tert- 
butanol gave a-helix contents of 40—47% 
independent of hybrids or the color of 
the prolamin solution. The a-helix con
tent of the prolamins in 60% tert-butanol 
+ 1.5M guanidine hydrochloride is
lowered somewhat to 34—40%, but is 
greatly reduced in 6 M guanidine hydro
chloride. The circular dichroism and far 
ultraviolet optical rotatory dispersion 
curves of decolorized prolamin gave an 
a-helix content in agreement with that 
from optical rotatory dispersion data. 
The optical rotatory dispersion properties 
of sorghum prolamins did not change dur
ing the formation of gels in 60% v/v tert- 
butanol-water solvent.

The weight-average molecular weight 
for 95% ethanol-soluble fraction of sor
ghum prolamin in neutral 6 M guanidine 
hydrochloride decreased from 65,400 to 
44,600 when the initial protein concen
tration decreased from 0 . 2 1  to 0 . 1 1  

mg/ml (Beckwith and Jones, 1972). When

the 6 M guanidine hydrochloride solvent 
was made acidic with either 0 . 1 M citric 
acid or 0.001 N HC1, molecular weight 
was 85,200 and was the same for protein 
concentrations between 0.49 and 0.15 
mg/ml. Molecular weight of a single com
ponent of sorghum prolamin in 6 M guani
dine hydrochloride decreased from 
27,500 to 20,500 when the initial protein 
concentration decreased from 0.41 to 
0.14 mg/ml.
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SPINNING OF ZEIN

INTRODUCTION
AS EARLY AS 1857, a British patent 
was granted for making filaments from 
proteins and in 1935 a commercial pro
tein fiber was produced (Moncrieff, 1963). 
Lundgren (1949) has written a review 
article on protein fibers. He discussed 
aspects of solubilization and unfolding 
of protein molecules, molecular orien
tation and crystallization as related to 
fiber formation, and to the mechanical 
properties of the fibers formed. His arti
cle summarized the knowledge on protein 
fibers prior to 1949.

Trail (1945) has presented the “Ardii” 
process of producing textile fiber from 
groundnut protein. Several articles by 
Naismith and Thomson (1955) dealt with 
the formation of fibers from groundnut 
protein with emphasis on dénaturation 
and on viscosity changes during the spin
ning process.

Moncrieff (1963) and Peters (1963) 
have outlined the technical processes (wet 
spinning) used in producing textile fibers 
from several natural protein sources such 
as casein, soybean and zein.

In recent years, interests have been di
rected to the production of edible fibers 
from proteins which could then be used 
in making synthetic and simulated foods. 
In 1954, Boyer (1954) developed the first 
procedure of producing synthetic meats 
from vegetable proteins (soybean, corn, 
peanuts) and from animal proteins such 
as casein and keratin. The process is 
essentially preparing a dope of protein, 
spinning into a coagulating bath to form 
filaments, stretching and further treat
ment of the filaments with binders to 
form the desired texture. Several other 
patents appeared with the same basic 
process which varied in the kind of pro
tein used, the solvent for the dope, the 
composition of the coagulating bath and 
the after-treatments to which the fila
ments were subjected to (Noyes, 1969). 
A continuous process for making shaped 
protein products was developed by West- 
een and Kuramoto (1964). A slightly dif
ferent process was developed by Anson 
and Pader (1968). Their process uses pro
tein gel precursors (instead of protein 
dope solutions) which are then gelled by

1 Present address: Technical Center, General 
Foods Corp., Tarrytown, N.Y.

heating after the extrusion procedure. 
Dudman (1957) recommended heating 
the edible fibers without using binders.

Several commercial processes are now 
producing simulated meats from proteins, 
especially vegetable protein. Articles de
scribing these processes have appeared, 
but mostly dealing with the equipment 
and unit operations rather than a tech
nical analysis of the process of spin
ning the proteinaceous material (Ziemba,
1969).

Zein stands out among the various 
proteins as having superior fiber-form
ing properties (Lundgren, 1949). It has 
high enough molecular weight (20,000—
50,000) and an axial ratio of about 
20:1 (Mertz et al., 1966). Zein which 
is the alcohol soluble part of corn gluten, 
is soluble in low alcohols. Ethyl alcohol 
and isopropyl alcohol seem to be the best 
solvents. Zein is soluble at pH 6, and is 
precipitated at pH 3.

Zein is deficient in lysine (Sherman,
1952) with poor nutritional value. Spin
ning of zein is not new, and once com
mercial textile fibers were produced from 
zein. However, up to the present, spin
ning dynamics of zein or any other 
proteins have not been studied system
atically. This investigation attempts to 
initiate such a study to establish the rela
tionship between some of the spinning 
variables which may apply to spinning of 
other proteins. In particular, the maxi
mum drawing velocity is determined for

increasing values of the spinning length. 
The effect of other variables such as dope 
composition, velocity through the spin- 
nerette, bath temperature and diameter 
of spinnerette were also studied.
Background

All proteins are potential fiber-forming 
materials, because they are linear macro
molecules. However, due to differences in 
chain length, size, shape, chemical na
ture and disposition of amino acid resi
dues along the chain, differences in their 
fiber-forming properties exist (Lundgren, 
1949).

In wet spinning the mechanism of 
fiber formation along the spinning line 
could be described as follows (Paul, 
1968a; Ziabicki, 1967a, b): As the fila
ment comes in contact with the bath, 
diffusion (counter-current) of the solvent 
out of the dope and the coagulating me
dium into the dope takes place. When the 
right concentration of the components is 
reached, structural rearrangement in the 
filament involving the solvent, the me
dium and the polymer occurs. A skin of 
precipitated polymer is then formed. The 
thickness of this skin grows as the fila
ment travels along and more polymer is 
precipitated. At the same time, the fila
ment is being elongated by means of ten
sile force applied by the drawing roller. 
The diameter of the filament therefore 
decreases along the spinning line. At a 
considerable distance from the spinner-

PRES3URE
GAUGE

SPINNING APPARATUS

Fig. 1-Diagram showing various parts of the spinning apparatus.
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Fig. 2 —Figure show ing  one o f  the s p in n a b ility  
curves.

ette, a stable, coagulated filament is 
formed which could be wound up with a 
certain velocity of drawing.

With these considerations, the differ
ent variables and parameters that affect 
the spinning process are the following:
(a) Spinning variables such as spinnerette 

dimensions, drawing velocity (Vj), 
spinning length (L) which is the dis
tance that fiber travels within the 
coagulation bath (see Fig. 1), and the 
velocity through the spinnerette;

(b) Composition and properties of the 
dope (uncoagulated, coagulated, and 
fully coagulated);

(c) Composition and temperature of the 
spinning bath; and

(d) Coagulation properties involving the 
dope and the bath.

An analysis of the interrelationships 
between these variables may lead to a 
measure of spinnability, which could be 
defined as the limiting condition on the 
spinning process.

MATERIALS & METHODS

D e s c r ip t i o n  o f  t h e  
s p in n in g  a p p a r a t u s

T h e  l a b o r a t o r y  s p in n in g  a p p a r a t u s  (s e e  F ig .  
1 ) w a s  d e s ig n e d  a n d  c o n s t r u c t e d  u s in g  a  M illi- 
p o r e  d i s p e n s in g  v e ss e l,  c o n n e c t e d  t o  a  n i t r o g e n  
c y l in d e r ,  a s t h e  d o p e  r e s e r v o i r  a n d  a  H a m i l to n  
s q u a r e  e n d  h y p o d e r m i c  s y r in g e  n e e d l e  a s  t h e  
s p in n e r e t t e .  T h e  n e e d l e  is  a t t a c h e d  t o  t h e  v e ss e l 
b y  m e a n s  o f  a  l u e r  l o c k  c o n n e c t o r  a n d  a  c o n 
n e c t in g  tu b e .  T h e  p r e s s u r e  i n s id e  t h e  v e ss e l is 
r e a d  f r o m  a  p r e s s u r e  g a g e . T h e  b a t h  c o n t a i n e r  is 
a  r e c ta n g u la r  p le x ig la s s  t a n k ,  f i x e d  w i th  a  p r o 
v is io n  f o r  a d ju s t in g  t h e  s p in n in g  l e n g th  ( f r o m  
t ip  o f  n e e d le  t o  ro l l in g  d r u m ) .  T h e  r o l l in g  d r u m  
is  a  p le x ig la s s  c y l in d e r  w h ic h  is  a t t a c h e d  t o  a  
v a r ia b le  s p e e d  m o to r .  A  h e a t e r  a n d  m ix e r

Fig. 3 —E ffe c t o f  ex trus ion  ve lo c ity  (V s) on the  
s p in n a b ility  curve.

a s s e m b ly  is  u s e d  t o  m a in t a in  t h e  b a t h  t e m p e r a 
t u r e  a c c u r a t e  t o  ± 0 .1 °  C . T h e  r o t a t i o n a l  v e lo c 
i t y  o f  t h e  r o l l e r  ( a n d  h e n c e  t h e  l in e a r  v e lo c i ty  
o f  d r a w in g )  is  m e a s u r e d  b y  m e a n s  o f  a  p h o t o 
tu b e  r e c o r d e r  a s s e m b ly .

P r e p a r a t i o n  o f  z e in  d o p e

T h e  d o p e  w a s  m a d e  b y  d is s o lv in g  a  w e ig h e d  
a m o u n t  o f  z e in  (Z e in  F - 2 0 0 ,  F r e e m a n  L a b o r a 
to r i e s ,  T u c k a h o e ,  N .Y .)  in  a  c e r t a in  v o lu m e  o f  
9 5 %  e t h y l  a l c o h o l .  T h e  d i lu t i o n s  u s e d  w e re  5 0 g  
o f  z e in  in  1 2 5 ,  1 1 2 .5 ,  1 0 0 ,  8 7 .5  a n d  7 5  m l  o f  
a l c o h o l .  U s in g  t h e  p e r c e n t a g e  p u r i t y  o f  t h e  z e in  
(9 8 %  f r o m  Z e in  F - 2 0 0  D a ta  S h e e t ,  F r e e m a n  
L a b o r a to r i e s ) ,  t h e s e  d i l u t i o n s  c o r r e s p o n d  to  
3 3 .3 ,  3 5 .7 ,  3 8 .4 ,  4 1 .6  a n d  4 5 .4 %  o f  p u r e  p r o 
t e in  b y  w e ig h t .

P r o c e d u r e

F o r  a  s e t  o f  s p in n in g  l e n g th s ,  t h e  m a x im u m  
v e lo c i ty  o f  d r a w in g  w a s  d e t e r m i n e d .  T h e s e  s e ts  
o f  ( L  vs. V d m ) v a lu e s  w e re  d e t e r m in e d  f o r  sev 
e ra l  v a lu e s  o f  t h e  f lo w  r a t e  in  t h e  s p i n n e r e t t e ,  
t h e  s p i n n e r e t t e  d i a m e te r s ,  t h e  d o p e  c o n c e n t r a 
t i o n s  a n d  t h e  b a t h  t e m p e r a tu r e s .

T h e  t e c h n i q u e  o f  g e t t i n g  t h e  m a x im u m  v e 
lo c i t y  h a d  t o  b e  d e v e l o p e d .  A s  t h e  d o p e  c o m e s  
o u t  o f  t h e  n e e d l e ,  i t  s t i c k s  t o  t h e  e n d  o f  th e  
n e e d le  s u c h  t h a t ,  a  g lo b  o f  d o p e  f o r m s .  T h e  
g lo b  is  t h e n  c a u g h t  b y  a  p a i r  o f  tw e e z e r s  a n d  
s lo w ly  p u l l e d  u n d e r  t h e  h o ld e r  a n d  a t t a c h e d  t o  
t h e  r o l l e r .  T h e  m o t o r  is  t h e n  t u r n e d  o n  a n d  th e  
v e lo c i ty  is  s lo w ly  in c r e a s e d .  W h e n  th e  t e n s i o n  
o n  t h e  f i l a m e n t  is  g r e a t  e n o u g h  t o  o v e r c o m e  th e  
i n t e r f a c i a l  te n s i o n  o n  t h e  n e e d l e  r im  w i th  t h e  
d o p e  s t i c k in g  to  i t ,  t h e n  th e  d o p e  c o m e s  o u t  in  
a  c le a n  f i l a m e n t  f o r m a t i o n .  T h a t  is ,  i f  th e  
t h r e a d  is  r e le a s e d ,  t h e  e x t r u d e d  d o p e  w ill c o m e  
o u t  a s  a  c y l in d e r  a n d  n o t  a s  a  g lo b  l ik e  in  t h e  
b e g in n in g .  T h r o u g h  a  m ic r o s c o p e  ( t r a v e r s in g ) ,  
o n e  c o u ld  e a s i ly  s e e  t h e  b u lb  s t r e t c h  w h ic h  is 
t h e n  f o l l o w e d  b y  g r a d u a l  r e d u c t i o n  in  d i a m e te r  
a lo n g  t h e  s p in n in g  l e n g th .  In  f a c t ,  in  t h i s  e x p e r i 
m e n t ,  th i s  t y p i c a l  d ie  s w e ll  p h e n o m e n a  c o u ld  
b e  o b s e r v e d  d i r e c t l y  e v e n  w i t h o u t  t h e  m ic r o 
s c o p e .

Fig. 4 —S p in n a b ility  curve a t d if fe re n t sp inner
e tte  diameters.

O n c e  a  t r u e  f i l a m e n t  is  o b t a i n e d ,  t h e  v e lo c 
i t y  o f  d r a w in g  is  t h e n  g r a d u a l ly  i n c r e a s e d  ( a l
m o s t  in f i n i t e s im a l  v a r i a t i o n  a s  c o u ld  b e  d o n e  
m a n u a l ly ) ,  u n t i l  t h e  f i l a m e n t  b r e a k s  a t  t h e  
n e e d l e .  T h is  w a s  g e n e r a l ly  d o n e  tw ic e  b e f o r e  a  
r e a d in g  w a s  t a k e n .

T h e  s p in n in g  l e n g th  is  t h e n  in c r e a s e d  a n d  
t h e  p r o c e d u r e  r e p e a t e d  f o r  s ix  o r  s e v e n  d i f f e r 
e n t  l e n g th s .  T h e  r e p l i c a t e s  ( 5 —6 )  w e r e  o b t a i n e d  
b y  s t a r t i n g  a t  t h e  f i r s t  v a lu e  o f  (L )  a n d  th e n  
in c r e a s in g  L  u p  t o  t h e  h ig h e s t  v a lu e .  H a l f  o f  t h e  
r e p l ic a te s  w e re  a ls o  o b t a i n e d  b y  u s in g  o n e  p a r 
t i c u l a r  l e n g th  a n d  r e p e a t in g  t h e  p r o c e d u r e  fo r  
th i s  le n g th .

D u r in g  th e  c o n d u c t  o f  t h e  e x p e r i m e n t ,  
t h e  t e m p e r a t u r e  o f  t h e  b a t h  w a s  c o n s t a n t l y  
c h e c k e d  f o r  u n i f o r m i t y .  O c c a s io n a l  m ix in g  w a s  
a ls o  d o n e  t o  m a k e  th e  b a t h  c o m p o s i t i o n  u n i 
f o r m .  T h e  b a t h  w a s  a ls o  c h a n g e d  a f t e r  e a c h  s e t  
o f  e x p e r im e n t s .

RESULTS & DISCUSSION

THE RELATIONSHIP between the maxi
mum drawing velocity and the spinning 
length is shown in Figure 2 for 33.3% 
zien dope at T = 25.6 and D = (0.03 cm). 
The points used are the mean average of 
the replicates and the 95% confidence 
limits are also shown. A regression analy
sis was performed on each curve and the 
results showed that except for a few 
points, the curves approximated a straight 
line. An improvement was obtained by 
using a second degree polynomial for 
some of the curves, but the use of straight 
lines would be within statistical error and 
would also facilitate the analysis of the 
data.

The maximum drawing velocity (Vjm) 
increases linearly with the spinning length
(L), except for 45.5% dope at 25.6 and 
27.8°C where the velocity of drawing is
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Fig. 5 —S p in n a b ility  curve a t d iffe re n t dope  
concentra tions.

nearly constant. Considering the fila
ment as a homogeneous fluid in elonga- 
tional flow an increase in length means 
a decrease in the elongational strain 
(=6 V/SL), hence a decrease in the tension 
along the filament. Thus the velocity 
could be increased before the tension 
needed to break the thread is reached. 
This relationship between the maximum 
drawing velocity and the spinning length 
(defined as the spinnability curve) will be 
examined as it is affected by the bath 
temperature, the composition and viscos
ity of the dope, the velocity of extrusion 
and the diameter of the spinnerette. The 
spinnability curve indicates the region 
where the spinning of zein is possible. 
Below the curve, one can always spin a 
dope under the given conditions. Above 
the curve, one could not obtain a con
tinuous filament.

In Figure 3, the maximum drawing ve
locity (at each value of L) is found to 
increase with an increase in the extrusion 
velocity, Vs. This seems to agree with 
what one might actually expect. That is, 
if Vs increases, then for the same spinner
ette diameter the volumetric flow rate 
(Qs) would increase. From the continuity 
equation, either the velocity or the di
ameter at L should increase. It is more 
likely that the velocity would increase 
since the diameter could not increase in
definitely. Paul (1968b) and Han and 
Segal (1970) found that it is actually the 
free jet velocity (Vf) which determines 
the drawing velocity because of the Barus 
or die swell effect. The free jet velocity 
is in turn affected by the extrusion ve
locity, the diameter of the spinnerette 
or the flow rate.

Fig. 6 —E ffe c t o f  tem perature on the spinna
b i l i t y  curve.

The direct relationship between Vdm 
and Vs is affected by a change in the spin
nerette diameter (Fig. 4). For example, 
using 38.4% dope at 25.6°C, for approxi
mately the same extrusion velocities (Vs) 
of 0.50—0.57 cm, the highest drawing ve
locity (Vdm) was attained with the larg
est spinnerette with 0.041 cm diameter, 
lowest with the smallest diameter of 
0.025 cm, and in between with 0.033 and 
0.30 diameter spinnerettes. Paul (1968b) 
observed that Vdm may be affected by 
Qs and Ds in an opposing manner due to 
momentum and elastic energy considera
tions and he suggested an optimum hole 
size where Vdm or the free jet velocity is 
maximum for a given flow rate. In Figure 
4, the curves for larger diameters and 
higher extrusion velocities tend to be 
higher than those for smaller diameters 
and lower extrusion velocities.

The dependence of the spinning curve 
on the extrusion velocity is also affected 
by changes in dope concentration (Fig.
5). The figure shows that as the concen
tration increases, the drawing velocity for 
a particular spinning length decreases. As 
the concentration increases, the viscosity 
becomes greater while the rate of coagula
tion decreases. It is harder to draw a more 
viscous fluid than a less viscous one (Han 
and Segal, 1970). Paul (1968b) explained 
the effect of coagulation rate in terms of 
die swell. As the coagulation rate is in
creased, the skin of the filament is 
formed at a faster rate. This skin restrains 
the swelling of the filament such that the 
jet issues with a faster velocity. Accord
ingly, Vdm increases as the concentration 
is decreased. However, after 35.7%, there 
seems to be a leveling out. The curve for

33.3% almost coincides with that for 
35.7% although the extrusion velocity is 
so much higher (1.14 compared to 0.77 
cm/sec). This might be due to lesser elas
ticity for the less concentrated dope.

Figure 6  shows the effect of the bath 
temperature on the spinning curve. As the 
temperature increases, the filament could 
be drawn at a faster rate. At the higher 
temperatures, just a 3° change in temper
ature produces a large increase in the 
magnitude of Vdm. The effect of temper
ature on the mechanics of the process is 
twofold. It causes changes in the physical 
and rheological properties of the filament 
and it also affects the coagulation proc
ess. Higher bath temperatures give faster 
coagulation rates and this would increase 
the drawing velocity. An increase in tem
perature would also lower the viscosity of 
the filament and this again leads to great
er drawing velocity. Han and Segal (1970) 
found that it is indeed easier to draw a 
viscous substance at higher temperatures 
than at low temperatures. This is similar 
to the results of Paul (1968b), both the 
free jet velocity and the drawing velocity 
increased with temperature.

CONCLUSIONS

THE LINEAR relationship between the 
maximum drawing velocity and the spin
ning length has been defined as the spin
nability curve. This curve indicates a limit 
on the wet spinning conditions for zein.

The maximum drawing velocity is 
dependent on the extrusion velocity.

Higher bath temperatures give a higher 
spinnability curve (thus increasing spin
nability region).

In general, larger diameters gave higher 
spinnability curves than smaller spinner
ette diameters.

Dopes of lower concentrations could 
be drawn faster than dopes of higher con
centrations.
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CONDITIONS FOR THE SEPA RA TION OF OIL 
AND PRO TEIN  FROM COCONUT MILK EMULSION

INTRODUCTION

COCONUTS are grown mainly in coun
tries where there is a protein deficiency in 
the human diet. Oil is commercially ob
tained from the dried coconut kernel 
(copra) and the residual cake (poonac) 
which contains proteins, is used as animal 
feed. During the commercial extraction 
of oil, the high temperature of the ex- 
pellers lowers the quality of proteins in 
the residual cake. The characteristics of 
the fresh and heat-treated proteins de
rived from residual cake have been ex
amined (Samson, 1971).

Annual world production of coconuts 
would have a potential yield of approxi
mately 2 0 0 , 0 0 0  metric tons of protein 
(USDA, 1971). In an attempt to obtain 
coconut protein for human consumption 
as a by-product of the oil industry, a 
number of wet processes for coconut oil 
extraction have been developed. In one 
process, the oil and the proteins have 
been separated from an aqueous extrac
tion of kernel by heat and centrifugation 
(Rajasekharan and Sreenivasan, 1967). In 
the Robledana-Luzuriage (1956) process, 
the cream obtained by centrifugation is 
subjected to enzyme action, frozen and 
thawed to break the emulsion. In the 
Roxas (1963) process, the coconut milk 
obtained from the pasteurized coconut 
kernel is frozen to —4°C and thawed to 
break the emulsion. Peters (1960) re
ported breaking the emulsion in coconut 
milk by freezing and thawing. In a more 
recent method, the emulsion in coconut 
milk was broken, inversing the emulsion 
by shear (Hagenmaier et al., 1972; 1973).

This paper describes process condi
tions for breaking the emulsion in coco
nut milk by chilling the whole mass of 
cream obtained by centrifugation to 17°C 
or below with subsequent thawing, in
stead of freezing and thawing the milk or 
cream.

MATERIALS & METHODS

A L L  C H E M IC A L S  u s e d  w e re  p u r c h a s e d  f r o m  
B r i t i s h  D r u g  H o u s e s  L t d ,  L o n d o n .  F u l ly  m a tu r e  
c o c o n u t s  h a r v e s t e d  w i th in  3 d a y s  w e re  p u r 
c h a s e d  f r o m  t h e  lo c a l  m a r k e t  in  C o lo m b o .  T h e  
k e r n e l s  o f  t h e s e  c o c o n u t s  h a d  a b o u t  3 4 %  o il  
a n d  a b o u t  5 %  p r o t e i n .

E q u i p m e n t

A  M in c e  M a s te r  w a s  u s e d  f o r  p u lp in g  th e  
c o c o n u t  k e r n e l .  I t  h a s  r o t a t i n g  b la d e s  w h ic h  a re  
p o w e r e d  b y  a  6 .6  k w  m o t o r .  T h e r e  is  a  p e r 
f o r a t e d  p l a t e  b e lo w  t h e  r o t a t i n g  b la d e s .  T h e  
p u l p e d  m a te r i a l  is  d i s c h a r g e d  th r o u g h  a p e r tu r e s  
in  t h e  p l a t e .  T h i s  M in c e r  w a s  p u r c h a s e d  f r o m  
F o o d  T e c h ,  L o n d o n .

A  H a n d e r  B a b y  O il  E x p e l le r ,  a  p i l o t - p l a n t  
s c a le  s c r e w  p r e s s ,  w a s  u s e d  f o r  e x p e l l in g  o il 
f r o m  t h e  o i l - b e a r in g  s e e d s .  I t  is  p o w e r e d  b y  a 
0 .7 5  k w  m o t o r .  T h i s  e x p e l l e r  w a s  p u r c h a s e d  
f r o m  F u k o k u  K o g y o  C o . ,  J a p a n .

A  V u lc a n - L a v a l  C re a m  S e p a r a t o r  w a s  u s e d  
t o  o b t a i n  c r e a m  f r o m  c o c o n u t  m i lk .  I t  h a s  a  
r a t e d  c a p a c i ty  o f  1 0 0  g a l o f  c o w s  m i l k / h r .  I t  
w a s  p u r c h a s e d  f r o m  V u lc a n - L a v a l  L t d ,  P o o n a ,  
I n d ia .

Methods
Amino acid analysis. A m in o  a c id  a n a ly s is  

w a s  c a r r ie d  o u t  a t  t h e  T r o p ic a l  P r o d u c t s  I n s t i 
t u t e ,  L o n d o n  u s in g  a n  E E L  1 9 4  a u t o m a t i c  
a n a l y z e r  a c c o r d i n g  t o  t h e  p r o c e d u r e  d e s c r ib e d  
b y  M o o r e  e t  a l .  ( 1 9 5 8 ) .  T r y p t o p h a n  w a s  e s t i 
m a te d  b y  t h e  M il le r  ( 1 9 6 7 )  m e t h o d  a f t e r  a lk a 
l in e  h y d r o ly s i s .

GLC of fatty acids. M e th y l  e s t e r s  o f  f a t t y  
a c id s  w e r e  a n a l y z e d  in  a  V a r ia n  G a s  L iq u id  
C h r o m a to g r a p h  e q u ip p e d  w i th  a  t h e r m a l  c o n 
d u c t i v i t y  d e t e c t o r .  F a t t y  a c id s  o f  o i l  o b t a i n e d  
b y  t h e  d e s c r ib e d  p r o c e s s  a n d  o f  r e f in e d  c o c o n u t  
o i l  m a r k e t e d  b y  B r i t i s h  C o m m e r c ia l  C o .,  
C e y l o n ,  w e r e  a n a ly z e d .

O il a n a ly s e s .  T h e  t o t a l  o i l  in  c o c o n u t  c r e a m  
o r  m i lk  w a s  e s t i m a t e d  b y  t h e  W e r n e r -S c h m id  
m e t h o d  a s  d e s c r ib e d  b y  P e a r s o n  ( 1 9 7 0 ) .  P e r 
c e n ta g e  o f  f r e e  f a t t y  a c id s ,  r e f r a c t iv e  i n d e x ,  
c o lo r  in  L o v ib o n d  s c a le ,  s a p o n i f i c a t i o n  v a lu e ,  
i o d in e  v a lu e ,  R e i c h e r t  v a lu e ,  P o le n s k e  v a lu e  a n d  
K i r s c h n e r  v a lu e  o f  o i ls  w e r e  d e t e r m i n e d  b y  
th e  s t a n d a r d  p r o c e d u r e s  d e s c r ib e d  in  B r it is h  
S t a n d a r d s  ( 1 9 6 7 ) .

RESULTS & DISCUSSION
Process conditions

Coconut kernel (undried) was disin
tegrated with an equal weight of water 
for 2 min in a Mince Master. Coconut 
milk was obtained by pressing the disin
tegrated kernel in a hand operated stain
less steel press. Coconut milk was filtered 
through a piece of cloth and centrifuged 
in a “Vulcan Laval” Cream Separator.

The cream from the Separator was 
collected in shallow aluminium pans and 
chilled for 2  hr in a bottle cooler main
tained at 10°C and then brought to room

temperature (25°C). The emulsion broke 
with the formation of an oil layer on the 
surface of the liquid in the pans. Re
centrifugation in the Cream Separator 
enabled the complete separation of oil (A 
grade) from the rest of the liquid.

The skim milk was either spray dried 
or the protein in the skim milk was heat 
coagulated. The residue after extraction 
of coconut milk was dried at 100°C for 2 
hr and passed through an expeller to give 
B grade oil and meal. The isolation of 
skim milk proteins and the extraction of 
oil from the residue after the removal of 
coconut oil, has been described in other 
wet processes (Sreenivasan, 1963). The 
flow diagram of the wet process pre
sented in the paper is given in Figure 1.

Two parameters of the process, name
ly the degree of packing of the oil glob
ules in the centrifugation stage and the 
temperature to which the cream had to 
be lowered for the complete release of oil 
from the emulsion, were investigated on a 
laboratory scale.
Degree of packing of 
the oil globules

Coconut milk was centrifuged at 
2000G in 50 ml tubes for varying lengths 
of time. After chilling them for 4 hr in a 
bottle cooler maintained at 10°C, the 
contents of the tubes were brought back 
to 25°C, by dipping the tubes in a water 
bath at 40°C. Then the tubes were centri
fuged at 4000G for 5 min. The oil re
leased was taken out with a hypodermic 
syringe. The amount of oil released in 
each case was measured and expressed as 
the percentage of total oil present in the 
emulsion. These values were plotted 
against time of centrifugation prior to 
chilling. As shown in Figure 2 (identical 
curves were obtained from three runs) the 
percentage of oil released increased with 
time of centrifugation prior to chilling. 
With about 5 min of centrifugation of the 
coconut milk at 2000G, prior to chilling, 
almost all the oil in the emulsion was re
leased. If the centrifugal force prior to 
chilling was increased up to 5000G, even 
a few seconds of centrifugation was 
sufficient to release all the oil in the 
emulsion.

If coconut milk were chilled and
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Fig. 1 —F lo w  diagram  o f  the new  process.

thawed without prior centrifugation, 
there was no oil separation at all. Approx
imately 50% of oil in the emulsion was 
released if the coconut milk were centri
fuged for 2  min, under the conditions 
described. Complete release of oil took 
place only after 5 min of centrifugation 
(2000G). These data show that centrif
ugation bringing about concentration of 
the dispersed phase in the continuous 
phase, is a prerequisite for breaking the 
emulsion under the conditions referred to.

Therefore one critical condition for 
the process would be adequate packing of 
the oil globules. On a laboratory scale, a 
centrifugal force of 5000G for a few sec
onds satisfied this requirement. Passage of 
coconut milk through a cream separator 
at the recommended flow rate ( 1 0 0  gal/ 
hr) also satisfied this requirement. The oil 
content of the cream obtained from the 
cream separator varied from 60—78%. 
The water content of the cream varied 
from 20-12% (pH 6 .1-6.4).

Effect of lowering the 
temperature of the cream

Coconut milk was centrifuged at 
5000G for 5 min and kept immersed in a 
water bath maintained at temperatures 
between 5°C and 15°C for various inter
vals of time. The tubes were removed at 
definite time intervals and warmed in a 
water bath at 40°C until the contents 
reached 25°C. They were centrifuged at 
5000G and the percentage of oil liberated 
was determined as before. Figure 3 shows 
the percentage of oil separated as a result 
of chilling at each temperature for defi
nite intervals of time. (Identical curves 
were obtained from three runs.) The 
lower the temperature of the water bath, 
the greater was the release of oil. Oil was 
not released if the temperature of the 
water bath was above 17°C. These experi
ments show that the cream has to reach 
17°C for oil separation to occur.

Even though the critical temperature 
for oil separation of the cream is 17°C, as 
shown in Figure 3, it took about 20 min 
of chilling at 5°C for complete oil separa
tion. It took about 50 min of chilling at 
7.5°C and about 80 min of chilling at 
11°C for complete oil separation to oc
cur. After 80 min of chilling at 15°C, 
only about 70% of oil was released. Oil 
separation will occur only in the regions 
where the temperature has reached 17°C 
or below. In a mass of cream, if only the 
outer layers have reached 17°C or below, 
there would be proportionate percentages 
of oil separation. At 15°C, it took 175 
min of chilling to obtain complete oil 
separation. This requirement of longer 
time of chilling at higher temperatures 
(below 17°C, for example, at 15°C and 
11°C) is caused by the low rate of heat 
penetration in coconut cream. When the 
cream in aluminium pans was chilled in a 
bottle cooler maintained at 10°C, it al-

Fig. 2-P ercentage o f  o i l  released a fte r tim e  in te rva ls  o f  ce n tr ifu g a tio n  Fig. 3 -P e rcen tage  o f  o i l  released a fte r tim e  in te rva ls  o f  c h illin g  a t vary- 
p r io r  to  ch illin g  and thawing. ing tem perature
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Fig. 4 -C e n tr ifu g e d  cream (A ) a t  2 5 'C; (B) a t 17°C; and (C) a fte r c h illin g  to  17 °C a n d  w arm ing up to 2 5 'C. (M agn ifica tion  ~ 55 0 X )

ways took less than 2  hr for the subse
quent, complete oil separation, after 
thawing and centrifugation. During the 2 
hr of chilling, another batch of cream was 
prepared and replaced the already chilled 
cream. Therefore, in the pilot-plant scale 
experiments, the cream was kept for 2  hr 
in the bottle cooler maintained at 10°C. 
In the flow diagram of the process 
(Figure 1) the chilling temperature is 
given as 10°C (2 hr), even though the 
critical temperature for breaking the 
emulsion is 17°C.

The process described differs from the 
other wet processes operating under simi
lar conditions in that no enzymes are 
used and that it is not necessary to lower 
the temperature of the whole mass of 
cream below 17°C. Any process which 
requires the temperature of the whole 
system to be lowered to —4°C would 
inherently require a greater consumption 
of energy than a process which requires 
the temperature of the whole system to 
be lowered only to 17°C. In the former 
case a larger heat sink for the removal of 
latent heat would probably be required 
than the latter which only calls for the 
removal of sensible heat.

Microscopic view of 
the oil globules

The physical changes occurring at 
various stages of the process were ex
amined under the microscope. As a result 
of centrifugation, the oil globules in the 
cream were tightly packed. As a result of 
lowering the temperature, the crystalliza
tion of oil took place. On thawing, the oil

globules lost their spherical shape and 
coalesced to form large droplets of vary
ing sizes.

Figure 4A shows the distribution of oil 
globules in centrifuged cream at 25°C. 
The oil globules in the centrifuged cream 
are densely packed and have an average 
diameter of 5ju at 25°C. Figure 4B shows 
the crystallized oil when the slide was 
kept for 1 0  min in a room maintained at 
17°C. Unlike the oil globules at 25°C, the 
oil crystals seem to be in contact with 
each other. As the slide was warmed to 
25°C, the oil melted and formed a more 
or less continuous phase as shown in the 
Figure 4C. Embedded in the continuous 
phase of oil are the proteins along with 
water. Figures 4A through 4C, suggest 
that the emulsion broke as a result of 
crystallization of oil in the cream.

Breaking of the emulsion as illustrated 
in Figures 4A to 4C, raised the question 
as to whether it was necessary to have the 
oil globules well packed during chilling 
for the occurrence of this phenomenon. 
Centrifuged cream was re-dispersed in 2, 
5 and 10 volumes of water and in cor
responding volumes of skim milk. The 
dispersions were chilled below 17°C in a 
water bath maintained at 10°C. On warm
ing up to 25°C and on centrifugation, no 
oil separation was observed, suggesting 
that packing of oil globules is necessary 
for breaking the emulsion.

Composition of the 
proteins and oil

The amino acid composition of the 
two types of proteins available from the

process was determined and compared 
with the amino acid composition of the 
coconut proteins as shown in Table 1.

Percentage of free fatty acids, refrac
tive index, color in Lovibond scale, sa
ponification value, iodine value, Reichert 
value, Polenske value, Kirschner value 
and the fatty acid composition of the oil 
obtained by the described process were 
determined and compared with those of 
the commercially available oil. There was 
no significant difference in the compari
sons.

Generally, the oil obtained from all 
the wet processes, has been of superior 
quality (Dendy and Grimwood, 1972). 
The wet process described in this paper 
worked very well with batches of 50 kg 
of coconut kernel, yielding A grade oil. 
During disintegration and pressing of 
kernel, 93% of the total oil went into the 
emulsion and 7% remained in the the 
residue. Complete oil separation was ob
tained by breaking the emulsion which 
was originally formed from the 93% of 
the oil in the fresh kernel. Pressing of the 
dried dual in the conventional screw type 
expeller yielded B-grade oil. Pilot plant 
experiments would have to be conducted 
on a large scale to calculate the econom
ics of the process. The oil obtained by 
this wet process on a laboratory scale, 
was stored at room temperature (25°C), 
in glass bottles with crown corks for 2  yr 
without the development of off odors or 
a significant amount of free fatty acids.

The secondary products of importance 
are the proteins from skim milk and from 
cream. The skim milk proteins obtained
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Table 1—A m ino acid composition o f coconut proteins, g/16g N

Am ino acid

Sample

1 a 2b 3C 4d

Alanine 5.1 1.2 6.0 5.9
Arginine 16.6 1.6 14.7 15.6
Aspartic acid 9.2 1.3 12.7 10.7
Cystine 1.7 2.3 0.9 1.7
Glutamic acid 18.7 2.8 24.8 22.8
Glycine 2.2 1.7 3.5 3.1
Isoleucine 3.7 0.2 5.2 4.3
Leucine 6.9 1.2 9.7 8.9
Lysine 4.6 2.1 5.7 5.0
Methionine 1.6 0.4 1.8 1.9
Phenylalanine 4.4 0.5 8.7 6.8
Proline 3.6 1.5 4.0 4.5
Serine 5.2 1.1 5.8 5.8
Threonine 3.4 1.6 4.2 4.1
Tryptophan 0.9 1.2 1.4 1.2
Tyrosine 2.9 0.9 3.5 3.1
Valine 5.5 1.8 8.0 7.4

a Sample 1: Kernel after drying at 60°C for 3 hr and removing oil by
solvent extraction.

b Sample 2: Residue after milk extraction, drying at 60°C for 3 hr and
removing oil by solvent extraction.

c Sample 3: Skim milk proteins precipitated by heat after drying at
60°C for 3 hr.

d Sample 4: Cream layer proteins after the removal of oil by the de
scribed process and drying at 60°C for 3 hr.

from the wet processes have been tested 
in various feeding trials (Rama Rao et al.,
1964). The skim milk proteins from the 
process which were precipitated by boil
ing for 10 min, and air drying at 60°C for 
2 hr, contained 75.6% crude protein (N x
6.25). Air-dried proteins obtained from 
the cream after chilling and thawing con
tained 84.7% crude protein. These pro

teins are almost free of fiber and their use 
as a protein supplement is being studied 
in our laboratory.
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SWELLING STRESS AND HYDROSTATIC COM PRESSIBILITY 
O F GROUND CORN AND ITS CONSTITUENTS

INTRODUCTION

A CORN is a cellular material of complex 
structure and small in size. For practical 
purposes it is permissible to treat it as a 
continuous medium for calculating its 
elastic constants from mechanical tests. 
But, it is evident that constants of the 
solid materials of which corn is composed 
may be different from those of the whole 
kernel. Since we are interested in the elas
tic constants of these solid materials, the 
constants will be determined by the 
hygroscopic properties of these materials. 
The connection between mechanical and 
hygroscopic properties of corn can be 
established by thermodynamic methods 
which have the advantage of requiring no 
assumption about the molecular structure 
of the material.

Swelling and shrinkage of wood in 
relation to its mechanical properties was 
investigated by Barkas (1939, 1946). 
Barkas (1940) also described a method 
for finding the hydrostatic compressibil
ity of wood-water aggregate. The same 
method was used in this investigation. 
White (1966) studied swelling stresses in 
whole corn, but, could not evaluate them 
because whole corn was a constrained 
structure and free swelling was not 
achieved.

The water vapor adsorption and in
crease in vapor pressure tends to increase 
the volume of the gels due to swelling. 
The stress exerted by gels during swelling 
is called swelling stress. This swelling 
stress could be visualized as the stress 
which could occur if the vapor pressure 
was raised to the saturation point and 
swelling was completely restrained.

Hydrostatic compressibility is the abil
ity of the material to be compressed (de
crease in volume) when a hydrostatic 
stress is applied. In this work hydrostatic 
stress is equal to swelling stress in magni
tude but opposite in direction. Bulk 
modulus is the inverse of hydrostatic 
compressibility.

The information on swelling stress and 
hydrostatic compressibility is helpful in 
explaining the process of degerming 
(separation of germ and endosperm) in 1

1 Present Address: Alcolac Inc., 3440 Fair- 
field Rd., Baltimore, MD 21226

dry milling of corn. Furthermore, the 
quantitative values of swelling stresses can 
be utilized in determining the criterion of 
fracture in a corn kernel.
Theoretical consideration

The definition of a gel given by Katz 
(1933) and Barkas (1953) is as follows:
(1) Gels adsorb moisture from the sur

rounding atmosphere and hold it 
at an equilibrium vapor pressure 
lower than the saturation value at 
the same temperature.

(2) Gels swell on adsorption.
(3) Gels possess rigidity and can, 

therefore, withstand shear stresses 
as well as hydrostatic stresses.

Therefore, the ground corn can be 
considered a gel from the above defini
tion. It is reasonable to assume that only 
one constituent of gel, namely water, is 
volatile.

In order to allow for an exact thermo
dynamic treatment, it is also assumed 
that the gel is perfectly elastic. The fol
lowing derivation of hydrostatic com
pressibility will be based on swelling 
stresses in gels.

The hydrostatic compressibility is 
given by

B = - ( i / v ) ( a v / a p ) m

where p is applied hydrostatic pressure, V 
is the specific volume of gel and m is the 
equilibrium moisture content, both calcu
lated on a dry weight basis. Therefore, 
the hydrostatic compressibility of a gel 
can be calculated from the thermody
namic relationship of hydrostatic pres
sure, specific volume, moisture content 
and relative vapor pressure (p, V, m, h).

Porter’s equation for osmotic pressure 
of a solution

Pm

J  SP  dpm - f  u dp0  = f )

Po

v dh 

hi [2 ]

gives the relationship between the hydro
static pressures pm and pQ to be applied 
to a solution of constant moisture con
tent m and to free water, respectively, in 
order that their vapor pressures, initially 
hj and hQ, may be made equal (Porter,

1907). In equation [2] sp = (9V/9m)p, 
specific volume increases per unit increase 
in moisture at constant pressure p; u = 
specific volume of liquid water at con
stant pressure pQ; v = specific volume of 
water vapor under pressure h, at satura
tion h0.

Equation [2], being exact for any 
solution of which only one constituent is 
volatile, may be applied equally to gels 
fulfilling this equation. For the range of 
vapor pressures being used, h, and hQ 
may be considered zero in the first two 
integrals. For normal temperatures, v may 
be written as RgT/Mh. It is assumed that 
compressibility is zero and sp = u, then 
udpm = vdh or

P m  =  - ( R g T / M h )  ( l n d i j / h j ) )  [ 3 ]

where h, and h2  are the initial and final 
vapor pressures, u is the mean specific 
volume of the water, Rg is universal gas 
constant, T is absolute temperature and 
M is molecular weight of water. At in
finite dilution, the change in pressure at 
constant moisture content, dpm equals 
the change in pressure at constant vol
ume, dp y . Then, from equation [3] the 
pressure py required to raise a gel at con
stant volume V0  to any vapor pressure 
can be calculated so that the complete (p, 
h) system of curves can be constructed 
independently of any calculations of 
strains.

Also, dpm can be obtained by equa
tion [3] allowing for the compressibility 
of gel, provided the inevitable reduction 
in volume is counteracted by the addition 
of a small amount of water. This amount 
of water is represented by the line AB in 
Figure 1. It is also established that, if the 
counteraction of a solution is changed, 
while the pressure on it is continually ad
justed so as to keep the vapor pressure 
constant, then change in volume of the 
solution is equal to the volume of water 
removed or added. This is represented by 
the equation

V, -  V2  = u (m, -  m2) [4]

This equation would be achieved in prac
tice by slowly increasing the load on a 
solution in a constant vapor pressure.

234-JOURNAL OF FOOD SCIENCE-Volume 39 (1974)
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Fig. 1 —P o rtio n  o f  Ip , V, m , h) diagram.

As in Figure 1, VQ is the original spe
cific volume of a gel at constant moisture 
content m. This specific volume must be 
subjected to pressure pm in order to raise 
its vapor pressure to h. Then, we have by 
equation [4], the change in specific vol
ume (VQ -  V), where V is given by

V = V1 -  u (m' -  m) [5]

On the (p, h) system of curves dis
cussed previously, the strained volumes 
V, obtained by equation [5] are plotted 
on their appropriate relative vapor pres
sure lines. Next, the external pressure pm 
is read from the graph. Finally, the 
hydrostatic compressibility isjpbtained by 
the slope of the resultant (p, V) curves.

MATERIALS & METHODS

T H E  C O R N  u s e d  in  th i s  s t u d y  w a s  a  m id w e s t ,  
o p e n  v a r ie ty  s u p p l ie d  b y  th e  R o b in s o n  H y b r id  
C o m  C o . ,  D e la w a re ,  O h io .  T h e  p e d ig r e e  o f  th e  
v a r ie ty  w a s  ( W F 9 M S T X H 7 1 X 0 1 .4 3 R F X B 3 7 R F ) .  
T h e  e n d o s p e r m  a n d  g e rm  w e re  s e p a r a t e d  f r o m  
w h o le  c o rn  b y  h a n d  d i s s e c t in g  th e m  a f t e r  s o a k 
in g  o v e rn ig h t .  T h e  s a m p le s  w e re  g r o u n d  t o  a 
s iz e  le ss  th a n  6 0  m e s h .  S a m p le s  w e re  d r ie d  in  
a n  a ir  o v e n  f o r  7 2  h r  a t  7 5 ° C .

S a m p le s  o f  g r o u n d  w h o le  c o r n ,  e n d o s p e r m  
a n d  g e rm  w e re  c o n d i t i o n e d  f o r  m o i s tu r e  w i th  a 
s e r ie s  o f  r e la t iv e  h u m i d i t i e s  f r o m  1 1 - 9 7 % .  T h e  
d e s i r e d  re la t iv e  h u m id i t i e s  w e re  m a in t a in e d  in  
d e s ic c a to r s  b y  m e a n s  o f  s a t u r a t e d  s a l t  s o lu t io n  
m e th o d s  g iv e n  b y  W e x le r  a n d  H a s e g a w a  ( 1 9 5 4 ) ,  
C a r r  a n d  H a r r is  ( 1 9 4 9 )  a n d  W in k  a n d  S e a r s
( 1 9 5 0 ) .  T h e  s a m p le s  a t t a i n e d  e q u i l i b r iu m  m o is 
tu r e  c o n t e n t  in  2 —3 w k ,  d e p e n d i n g  o n  th e  
h u m id i ty  s h i f t .  M o ld  g r o w th  w a s  p r e v e n te d  in  
t h e  h ig h  h u m i d i t y  d e s i c c a to r s  b y  p la c in g  a n  
o p e n  d is h  o f  t o l u e n e  in  i t .  T h e  m o i s tu r e  c o n 
t e n t  w a s  d e t e r m in e d  b y  a n  a i r  o v e n  m e th o d  
( 1 0 3 ° C ,  7 2  h r ) ,  g iv e n  b y  r e s e a r c h e r s  a t  U S D A  
( 1 9 5 9 ) .  A ll  m o i s tu r e  c o n t e n t s  in  th i s  w o r k  a r e  
p r e s e n te d  o n  a  d r y  w e ig h t  b a s is .

S p e c i f ic  v o lu m e  o f  g r o u n d  c o r n  s a m p le s  w a s  
d e t e r m in e d  b y  t h e  b e n z e n e  d i s p l a c e m e n t  
m e t h o d  ( S t a m m  a n d  S e b o rg ,  1 9 3 5 ) .  B e n z e n e  is 
u s e d  f o r  d e n s i t y  m e a s u r e m e n t  b e c a u s e  i t  w ill

p e n e t r a t e  t h e  v o id  s p a c e s  in  t h e  c e l lu la r  s t r u c 
tu r e  a n d  d o e s  n o t  a d d  t o  s w e llin g .  V a c u u m  w a s  
a p p l ie d  t o  r e d u c e  t h e  e n t r a p p e d  a i r .  T h e  a ir  w a s  
r e m o v e d  b y  p u l l in g  a n d  r e le a s in g  th e  v a c u u m  
f o u r  t o  f iv e  t im e s  a t  1 0 - 1 5  m in  in te rv a ls .

T h e  s p e c i f i c  v o lu m e  o f  w a te r  a t  v a r io u s  r e la 
t iv e  v a p o r  p r e s s u r e s ,  o b t a i n e d  f r o m  B a r k a s
( 1 9 5 3 ) ,  w e re  m o d i f i e d  f o r  2 6 ° C  a n d  5 0 ° C  b y  
c o n s id e r in g  th e  c o m p r e s s ib i l i t y  a n d  t e m p e r a 
tu r e  o f  w a te r .  T h e  r e l a t i o n s h ip  b e tw e e n  s p e c i f i c

v o lu m e s  a n d  r e la t iv e  v a p o r  p r e s s u r e s  w a s  d e t e r 
m in e d  b y  t h e  l e a s t  s q u a r e  m e t h o d  ( S t e e l  a n d  
T o r r i e ,  1 9 6 0 ) :

h  =  1 3 3 6 6 0 6 .4 0  e x p  ( - 1 4 . 0 9 6 8  u )  ( 2 6 ° C )
h  =  1 5 4 3 2 5 7 .7 8  e x p  ( - 1 4 . 0 9 6 8  u ) ( 5 0 ° C )

[6 ]

A  c o m p u t e r  p r o g r a m  w a s  d e v e l o p e d  to  
d e t e r m in e  t h e  v a lu e s  o f  p ,  V , m  a n d  h  f o r  c o n 
s t r u c t in g  t h e  ( p ,  V ,  m ,  h )  d ia g ra m . T h e  c h a n g e  
in  h y d r o s t a t i c  s t r e s s  w a s  c a l c u l a t e d  f o r  e a c h  
c o r r e s p o n d in g  c h a n g e  o f  v a p o r  p r e s s u r e ,  u s in g  
e q u a t i o n  [ 3 ] .  T h e  i n t e r a c t i o n  o f  t h e  c o n s t a n t  
m o is tu r e  c u rv e s  a n d  th e  v a p o r  p r e s s u r e  c u rv e s  
w e re  d e t e r m i n e d  u s in g  e q u a t i o n  [ 5 ] .

T h e  s w e ll in g  s t r e s s  f o r  c o r n  g e l a t  c o n s t a n t  
v o lu m e  w a s  r e a d  f r o m  th e  i n t e r s e c t i o n  o f  th e  
v a p o r  p r e s s u r e  c u rv e s  a n d  t h e  s p e c i f i c  v o lu m e  
v a lu e s  a t  z e r o  p r e s s u r e .  T h e  h y d r o s t a t i c  c o m 
p r e s s ib i l i t i e s  w e re  d e t e r m i n e d  f r o m  th e  s lo p e  o f  
t h e  c o n s t a n t  m o i s t u r e  c o n t e n t  c u rv e s  a t  th e  
g iv e n  p r e s s u re s .

RESULTS & DISCUSSIONS

The (p, V m, h) Diagram
The relationship between hydrostatic 

stress, specific volume, moisture content 
and vapor pressure for ground whole 
corn, endosperm and germ is illustrated in 
Figures 2, 3 and 4, respectively. Barkas
(1940) observed similar phenomenon for

C O N S TA N T M O IS TU R E

Fig. 2 —R ela tionsh ip  between h yd ro s ta tic  stress, spec ific  vo lum e, m o is
tu re  c o n te n t and re la tive  vapor pressure fo r  g ro u n d  w ho le  co rn  a t 26° C.
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w o o d  gel in  h is  e x p e r im e n ts . T h e  s lo p e  o f  
(p , V ) cu rv es  a t  c o n s ta n t  m o is tu re  c o n 
te n ts  d e c re a sed  w ith  a n  in c re ase  in  p re s 
su re  fo r  w h o le  c o rn  a n d  e n d o sp e rm , w h ile  
th e  s lo p e  fo r  c o rn  g erm  in c reased  w ith  an  
in c rease  in  p re ssu re . T h e  (p , V, m , h )  d ia 
gram  in d ic a te d  th a t  g ro u n d  w h o le  c o rn  
a n d  its  c o n s t i tu e n ts  c o u ld  b e  d e sc rib e d  by  
th e o re tic a l  re la tio n s h ip s  fo r  th e  sw elling  
o f  gels.

It w as a lso  o b se rv ed  th a t  h y d ro s ta tic  
c o m p re ss ib il ity  (in v erse  s lo p e  o f  (p , V) 
cu rv es a t  c o n s ta n t  m o is tu re  c o n te n t  in  
th e  (p , V , m , h )  d iag ra m ) in c re a sed  w ith  
an  in c re ase  in  m o is tu re  c o n te n t  o f  g ro u n d  
w h o le  c o rn , e n d o sp e rm  an d  g e rm . T h e  
p h e n o m e n o n  c o u ld  be  e x p la in e d  fro m  
m o le c u la r  a d s o rp tio n  o f  w a te r . In m o le c 
u la r  a d s o rp t io n  h y d ro x y l  a n io n  ( - O H )  in  
th e  m o le c u la r  s t ru c tu re  o f fe r  ac tiv e  p o la r  
s ites o f  b o n d in g  e n erg y  fo r  th e  w a te r  
m o le c u le s . A t m o is tu re  c o n te n t  c lose  to  
s a tu ra t io n , w a te r  m o le c u le s  have  sa tis fied  
th e  a c tiv e  p o la r  s ite  o f  h y d ro x y l  an io n s . 
A d d itio n a l m o is tu re  c an  b e  h e ld  b y  th e  
fo rm a t io n  o f  c h a in s  o f  w a te r  m o lecu le s  
d u e  to  d ip o le  n a tu re . W hen w a te r  ch a in s

are  fo rm e d , th e  b o n d in g  fo rce s  b e tw e e n  
th e  h y d ro x y l  a n io n s  a t  th e  en d  o f  th e  
ch a in s b e c o m e  sm alle r. In  sh e a r, th e  
w a te r  m o le c u le s  in  th e  c h a in  c a n  ju m p  
fro m  o n e  a n io n  g ro u p  to  a n o th e r . T h is 
ju m p  is n o t  c o m p le te ly  e la stic  b ecau se  
so m e  e n e rg y  is lo s t  in th e  p ro cess . T h is 
s lip p ag e  o f  a n io n  b o n d s  b e tw e e n  n e ig h 
b o rin g  c h a in s  w as th e  m o s t p lau s ib le  e x 
p la n a tio n  fo r  in c re as in g  p la s tic ity  w ith  in 
c reasin g  m o is tu re  c o n te n t .  A n in c rease  in  
h y d ro s ta tic  c o m p re ss ib il ity  w o u ld  be 
e x p e c te d  w ith  in c reas in g  p la s tic ity . A t 
th e  sam e  tim e , in c reas in g  p la s tic ity  w o u ld  
d ec re a se  th e  b u lk  m o d u lu s  o f  th e  g ro u n d  
w h o le  c o rn , e n d o sp e rm  a n d  germ .

T h e  th e o re tic a l  and  e x p e r im e n ta l in 
c rease  in  h y d ro s ta tic  c o m p re ss ib il ity  fo r 
g ro u n d  w h o le  c o rn  an d  e n d o sp e rm  a t in 
c reased  p re ssu re  c o u ld  b e  e x p la in ed  by  
th e  in v es tig a tio n  o f  K u m a r (1 9 7 2 ) . T h e  
e x p la n a tio n  is based  o n  th e  fa c t th a t  
s ta rc h  h ad  m o re  ac tiv e  p o la r  s ites th a n  a 
g e rm  m a te ria l. T h e  g re a te r  n u m b e r  o f  
a c tiv e  p o la r  s ites  w o u ld  a d so rb  m o re  w a
te r . T h e re fo re , th e  g re a te r  n u m b e r  o f  ac 
tive  p o la r  s ites  w o u ld  in crease  th e  p o ss i

b ili ty  o f  h y d ro x y l  a n io n  b o n d  ( —O H ) 
slip p ag e  w ith  in te rn a l sh e a r s tre sse s  r e su lt
ing  f ro m  an  in c re a sed  e x te rn a l  h y d r o 
s ta tic  s tre ss . T h e  h y d ro s ta t ic  c o m p re ss i
b ility  fo r  g ro u n d  g erm  a t c o n s ta n t  
m o is tu re  c o n te n t  w as in c re a sed  w ith  an  
in c re ase  in  p re ssu re  b e ca u se  i t  h a d  less 
a c tiv e  p o la r  s ites  w ith  less p ro b a b il i ty  o f  
( —O H ) b o n d  s lip p ag e  w ith  in te rn a l  sh ea r 
s tre sses  re su ltin g  fro m  an  in c re a sed  e x te r 
nal h y d ro s ta t ic  stre ss . A s im ila r p h e n o m e 
n o n  w as o b se rv ed  fo r w o o d  gels by  Bar- 
kas (1 9 4 0 ).

T h e  h y d ro s ta t ic  c o m p re s s ib i l ity  an d  
b u lk  m o d u lu s  a t p re ssu re s  o f  4 0 0 0 , 8 0 0 0 , 
1 2 0 0 0  an d  1 6 0 0 0  psi a re  given fo r g ro u n d  
w h o le  c o rn , e n d o sp e rm  a n d  g e rm  in 
T ab les  1, 2 a n d  3. T h e  v a lu es o f  b u lk  
m o d u lu s  (in v erse  o f  h y d ro s ta t ic  c o m p re s 
s ib ili ty )  fo r  e n d o sp e rm  w ere  h ig h e r  th a n  
fo r  w h o le  c o rn  an d  fo r  germ .

W hite  (1 9 6 6 )  d e te rm in e d  th e  b u lk  
m o d u 'u s  o f  g ross w h o le  c o rn  a n d  g ross 
e n d o sp e rm . In  o u r  e x p e r im e n ts , h o w e v e r , 
i t  w as fo u n d  th a t  b u lk  m o d u lu s  o f  th e  
g ro u n d  w h o le  c o rn  a n d  th e  e n d o sp e rm  
w ere  c o n s id e ra b ly  h ig h er th a n  th o se  o f

CONSTANT MOISTURE 
CONTENT CURVES

CONSTANT MOISTURE 
CONTENT CURVES

F i g .  3 - R e l a t i o n s h i p  b e t w e e n  h y d r o s t a t i c  s t r e s s ,  s p e c i f i c  v o l u m e ,  m o i s -  F i g .  4 — R e l a t i o n s h i p  b e t w e e n  h y d r o s t a t i c  s t r e s s ,  s p e c i f i c  v o l u m e ,  m o i s 

t u r e  c o n t e n t  a n d  r e l a t i v e  v a p o r  p r e s s u r e  f o r  g r o u n d  c o r n  e n d o s p e r m  a t  t u r e  c o n t e n t  a n d  r e l a t i v e  v a p o r  p r e s s u r e  f o r  g r o u n d  c o r n  g e r m  a t  2 6 °  C .

2 6 °  C .
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th e  g ross w h o le  c o rn  a n d  e n d o sp e rm  Table 1—Hydrostatic compressibilities (B) and bulk moduli (K) of ground whole corn at
fo u n d  b y  W hite  (1 9 6 6 ) . T h is  d if fe re n c e  various pressures from the (p, V, m, h) diagram
w as e x p e c te d  d u e  to  p o re s  in  th e  g ross 
s tru c tu re  o f  th e  c o rn . T h e  v a r ia tio n  in  th e  
b u lk  m o d u lu s  o f  th e  g ro u n d  w h o le  c o rn  
an d  th e  e n d o sp e rm  w as less th a n  th e  
g ro u n d  germ . A s im ila r o b se rv a tio n  w as

Moisture
content

%

4000 psi 8000 psi 12000 psi 16000 psi

B
(psi'' 
x10-7 )

K
(psi 

x106 )

B
(psi-1 
x10-7 )

K 
(psi 

x106 )

B
(psi-1

x10-7)

K
(psi 

x106 )

B
(psi-1 

x10-7 )

K
(psi

x106)
m ad e  b y  B arkas (1 9 5 3 )  o n  w o o d . 32.00 10.63 0.94 10.94 0.91 11.15 0.90 13.51 0.74
Swelling stresses 26.02 9.38 1.07 9.77 1.03 9.74 1.02 10.23 0.98

Sw elling  s tre ss  c o u ld  be  v isu a lized  as 21.31 8.59 1.16 9.06 1.04 8.92 1.12 9.34 1.07
th e  s tre ss  w h ic h  w o u ld  o c c u r  if  th e  v a p o r 17.64 6.88 1.45 6.93 1.44 7.28 1.37 8.00 1.25
p re ssu re  w as ra ised  to  th e  s a tu ra t io n 15.94 6.25 1.60 6.54 1.53 6.99 1.43 7.34 1.36
p o in t a n d  sw elling  w as c o m p le te ly  re- 14.10 5.78 1.73 6.28 1.59 6.56 1.52 7.18 1.39
s tra in e d . T h e  sw elling  s tre sse s  in  th e 12.02 5.50 1.82 6.13 1.63 6.46 1.54 6.71 1.49
g ro u n d  w h o le  c o rn , e n d o sp e rm  a n d  germ 10.09 5.16 1.94 5.63 1.78 5.78 1.73 5.88 1.70
co u ld  be  read  a t v a rio u s  c o n d it io n s  fro m
th e  (p , V, m , h )  d iag ram s. It w o u ld  b e  
h ig h est a t th e  lo w e r e q u ilib r iu m  m o is tu re  
c o n te n ts .  S ince a t 100%  re la tiv e  v a p o r 
p re ssu re  th e  sp ec if ic  v o lu m e  o f  th e  co rn  
gel w as n o t  k n o w n , th e  (p , V, m , h )  d ia 
gram  w as e s tab lish e d  o n  th e  basis o f  re la 
tiv e  v a p o r p re ssu re  o f  97% . H ow ev er, th e  
sw elling  s tresses w e re  m o d if ie d  using  
e q u a tio n  [3 ]  fo r  re la tiv e  v a p o r  p re ssu re  
o f  100%  a t th e  tw o  te m p e ra tu re s  o f  2 6 °C  
a n d  5 0°C .

Sw elling  s tresses  a t v a rio u s  m o is tu re  
c o n te n ts  a re  sh o w n  in  F ig u re  5 fo r 
g ro u n d  c o rn  e n d o sp e rm  a n d  g erm  at 
2 6 °C . T h e  d ec re a se  in sw elling  s tre ss  was 
h y p e rb o lic  in  fo rm . A t 2 6 °C  fo r  each  
m o is tu re  c o n te n t ,  sw elling  s tre ss  fo r  
e n d o sp e rm  w as h ig h er th a n  fo r  g erm  up  
to  2 0 .5 %  m o is tu re  c o n te n t  an d  vice versa 
fo r  h ig h e r m o is tu re  levels. Sw elling  s tre ss  
fo r  g ro u n d  c o rn  g erm  ran g ed  fro m  4 0 7 5 0  
psi a t  6 .7 5 %  m o is tu re  c o n te n t  to  a b o u t  
6 2 4  psi a t 4 7 .4 3 %  m o is tu re  c o n te n t .  F o r  
e n d o sp e rm  it ran g ed  fro m  4 0 7 5 0  at 
8 .2 5 %  to  a b o u t  6 2 4  psi a t 3 0 .6 4 %  m o is
tu re  c o n te n t .  T he sw elling  s tre ss  in  c o rn  
germ  d e c re a sed  fa s te r  th a n  fo r  c o rn  e n d o 
sp erm  a t lo w e r m o is tu re  c o n te n ts  u p  to  
20 .5 % . A fte r  th is , in c o rn  e n d o sp e rm , 
sw elling  s tre ss  d e c re a sed  fa s te r  th a n  in 
c o rn  g e rm . T h e  re la tio n s h ip  b e tw e e n  
sp ec ific  v o lu m e  an d  sw elling  stress  co u ld  
be  seen  in  (p , V, m , h )  d iag ram .

CONCLUSIONS
T h e  g ro u n d  w h o le  c o rn , e n d o sp e rm  and  
g erm  w ere  fo u n d  to  b eh av e  as gels. T h e re 
fo re , th e  th e o ry  o f  sw elling  s tre ss  in  gels 
is ap p licab le  to  th e  sw elling  s tresses  in 
w h o le  c o rn , e n d o sp e rm  an d  germ .

T h e  m ag n itu d e  o f  th e  sw elling  s tresses 
in  g ro u n d  w h o le  c o rn , e n d o sp e rm  and  
germ  m ig h t be  o f  th e  o rd e r  o f  several 
th o u sa n d  p o u n d s  p e r sq u a re  in ch  a t low  
e q u ilib r iu m  m o is tu re  c o n te n ts ,  w h e n  su b 
je c te d  to  in c re a sed  v a p o r  p ressu re .

T he h y d ro s ta tic  c o m p re ss ib il ity  fo r 
g ro u n d  w h o le  c o rn , e n d o sp e rm  an d  germ  
in creased  w ith  an  in c rease  in  m o is tu re  
c o n te n t .  T h is in d ic a te d  th a t  u n d e r  th e

Table 2—Hydrostatic compressibilities (B) and bulk moduli (K) of ground corn endosperm 
at various pressures from the (p, V, m, h) diagram

Moisture
content

%

4000 psi 8000 psi 12000 psi 16000 psi

B
(psi-1 

x10-7 )

K 
(psi 

x10° )

B
(psi-1 

x10-1 )

K
(psi 

x106 )

B
(psi-1 

x10-7 )

K
(psi 

x 106 )

B
(psi-1

x10-7)

K 
(psi 

x10" )

30.64 8.13 1.23 8.45 1.18 8.61 1.16 8.98 1.11
26.00 6.72 1.48 6.89 1.45 7.21 1.38 8.28 1.21
21.09 5.38 1.85 5.53 1.81 6.62 1.51 7.81 1.28
18.32 5.16 1.93 5.23 1.91 6.60 1.52 6.95 1.44
16.70 5.00 2.00 5.13 1.95 6.25 1.60 6.64 1.51
15.01 4.84 2.07 5.00 2.00 6.04 1.66 6.41 1.56
13.14 4.63 2.16 4.84 2.07 - — - —

11.52 4.44 2.25 4.59 2.18 4.69 2.13 4.77 2.10

c o n d it io n s  o f  h ig h er m o is tu re  c o n te n ts
a n d  large  m a g n itu d e  o f  ap p lied  h y d ro -  Fig- 5 - S w e l l i n g  s t r e s s  o f  g r o u n d  c o r n  e n d o s p e r m  a n d  g e r m  a t  2 6 °  C .
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s ta tic  p re ssu re s , th e  d e fo rm a tio n  w as p las- Table 3—Hydrostatic compressibilities (B) and bulk moduli (K) of ground corn germ at
t ic . various pressures from the (p, V , m, h) diagram

4000 psi 8000 psi 12000 psi 16000 psi

Moisture
content

%

B
(psi'1

xIO '6)

K 
(psi 

x105 )

B
<psi"

x10'6)

K
(psi 

x10s )

B
(psi'1 

x10‘6 )

K
(psi 

x105 )

B
(psi"1

x10'6 )

K 
(psi 

x105 )

47.43 2.80 3.57 2.75 3.64 2.70 3.70 2.63 3.80
34.00 2.50 4.00 2.35 4.26 2.23 4.48 2.13 4.69
23.04 1.90 5.26 1.73 5.78 1.44 6.94 1.40 7.15
15.15 1.30 7.69 1.19 8.40 1.13 8.85 1.10 9.09
13.00 1.05 9.52 1.04 10.00 0.99 10.11 0.84 11.90
10.83 0.80 12.50 0.75 13.33 0.73 13.70 0.64 15.62
9.67 0.70 14.28 0.65 15.38 0.59 16.95 0.49 20.41

SYMBOLS
B  H y d r o s t a t i c  c o m p r e s s i b i l i t y  

h  V a p o r  p r e s s u r e  

h G V a p o r  p r e s s u r e  a t  s a t u r a t i o n  

K  B u l k  m o d u l u s  

m  M o i s t u r e  c o n t e n t  

M  M o l e c u l a r  w e i g h t  o f  w a t e r  

p  H y d r o s t a t i c  p r e s s u r e  

R g  U n i v e r s a l  g a s  c o n s t a n t  

Sp S w e l l i n g  v o l u m e  i n c r e a s e  p e r  u n i t  i n c r e a s e  

in  m o i s t u r e  c o n t e n t  a t  c o n s t a n t  p r e s s u r e  

T  A b s o l u t e  t e m p e r a t u r e  

u  S p e c i f i c  v o l u m e  o f  w a t e r

v  S p e c i f i c  v o l u m e  o f  w a t e r  v a p o r

V  V o l u m e  o f  g e l

V  S p e c i f i c  v o l u m e  o f  g e l
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M. E. L A Z A R , A . P. M O S S M A N  and  J. M. W A L LA C E  

USDA Western Regional Research L a b o ra to ry , A R S , Berke ley, CA 94710

AIR-FLUIDIZED TOASTING OF WHOLE KERNEL WHEAT-PROCESSING VARIABLES 
AND FUNCTIONAL PROPERTIES FOR FOOD APPLICATIONS

INTRODUCTION
EXPERIMENTS (Walker et al., 1970) have shown that the nutritional value of cereal grains fed to cattle is enhanced by pretreatment of the grain with hot air. A continuous spouting-bed grain toaster was developed (Rockwell et al., 1968) with commercial toasting costs of about $1.25 per ton, low enough to be attractive for use in producing a number of nutritious low-cost food items from toasted whole grain. Toasting grain eliminates raw flavor and substitutes a pleasant, familiar toasted flavor. Mossman et al. (1973) studied the physical, organoleptic and nutritional qualities of toasted, rolled, whole-kernel wheat. Additional processing data were needed to apply the toasting process toward several food product areas. The present investigations were planned to obtain useful data on all phases of the toasting procedure, to provide a better understanding of results obtained to date, and to extend the tests to other forms and uses of toasted wheat products. Specifically, tests were necessary to better define pretoast conditioning of the grain, to maintain closer control of the toasting and finishing steps, and to obtain quantitative evaluation of the interrelation be

tween thermal treatment, starch modification, enzyme inactivation and product storage stability.
EXPERIMENTAL

A COMPLETE SEQUENCE of operations in 
this study included piemoistening, tempering, 
toasting, cooling and finishing (debranning, 
cracking, milling). Calorimetric measurements 
were made on samples directly out o f the 
toaster.
Raw material

Gaines (soft white) and hard red winter 
(HRW) wheats were used. The grain was 
cleaned by screening (10 mesh) to  remove fines, 
air-blown to remove light chaff, and hand- 
cleaned to remove obvious remaining defects. 
Premoistening and tem pering

Small batches were moistened by spraying 
water on wheat tum bling in a bowl rotating on 
a horizontal axis. Large batches, or high-level 
moisture increases were perform ed by steeping 
wheat in a water bath held at 110° F for periods 
up to 2 hr. The water bath also served as a 
preliminary wash. Moistened wheat was tem 
pered in closed containers held at 34° F in most 
tests. Accelerated tem pering was perform ed by 
holding steeped, drained wheat in closed ro ta t
ing containers a t 110° F.

Toasting
A direct gas-fired pilot p lant toaster

(Midland-Ross Corp.) was modified for these 
tests (Fig. 1). A screen-covered tray with a 4 in. 
x  18 in. hinged screen bo ttom  was charged 
with 1/2 lb o f m oistened tem pered wheat (load
ing 1 lb/sq ft). In the  toasting zone, the grain 
was fluidized by ho t air flowing upward at 
1300 ft per min. After a tim ed interval, the 
grain was quickly dropped through the trap 
door bottom  o f the tray in to  a receiver-either 
a forced-air quenching basket, or a calorimeter 
(a Dewar bottle  containing a weighed am ount 
o f  cool water at a known tem perature). After 5 
min equilibration in the calorim eter with stir
ring, the steady-state tem perature was noted. 
The tem perature reached by the grain in the 
toaster (mass-average tem perature) was calcu
lated from the equation:

Sw (Ww  + C) ( t{ -  tw )
IM A --------------------------------- L1

SGWG
where

Im a  - mass average tem p of the 
grain, °F

tf = equilibrium tem p o f the 
calorim eter, °F

tw  = initial tem p of the water, °F
ww = initial w t of the water, g
c  = calorim eter equivalent, g water
WG = net wt o f grain after toasting, 

g (determ ined by difference)

Sw  = specific heat o f water, cal/g/°C

SG = specific heat o f grain, cal/g/°C, 
at m oisture range in to  the cal
orimeter

Specific heat o f v/heat and calorim eter equiva
lent were determ ined calorimetrically in sepa
rate tests.
Puff index

The expansion of grain during toasting is ex
pressed as puff index (PI), where PI = (specific 
vol., toasted grain, ml/g)/(specific vol., original 
grain, ml/g). Specific volume was determined 
by gently tapping a 250 ml graduate cylinder o f 
grain on a wood surface until volume was con
stant, noting weight and final volume o f grain.
Kernel center tem perature

Holes were carefully drilled, 0.0135 in. 
diam, along the major axis o f several typical 
wheat kernels, displacing only about 1% o f the 
kernel. A b u tt welded 30 gauge (0.0100 in. 
diam) copper-constantan therm ocouple was 
threaded through the hole and the junction  was 
centered. Four extra drilled kernels were 
threaded bead-like onto the therm ocouple wire 
on each side o f the test kernel to  reduce con
duction effects. Fresh wheat kernels were used 
for each test. Tem perature was recorded on a 
rapid-response electronic pyrom eter.
Finishing

For flour, toasted grain was roller milled in 
a Quadram at Jr. (C.W. Brabender Inst. Co.).

Fig. 1—Schem atic o f  p i lo t  p la n t toaster show ing  three  
pos itions o f  sample tra y ; co lle c tio n  m e th o d  o p tio n a l, fo r  
m easurem ent desired.

V o lu m e  3 9  (  1 9 7 4 J - J O U R N A L  O F  F O O D  S C I E N C E - 2 3 9
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TOAST TIME (Seconds)

F i g .  2 —  E x p a n s i o n  ( P u f f  I n d e x )  o f  G a i n e s  w h e a t  a f t e r  t o a s t i n g  a t  4 0 0 °  F  

I e x c e p t  a s  n o t e d ) .  P u f f  i n d e x  i s  t h e  r a t i o  o f  s p e c i f i c  v o l u m e  o f  t o a s t e d  

m o i s t e n e d  g r a i n  t o  t h a t  o f  t h e  u n m o i s t e n e d  o r i g i n a l  g r a i n  a t  1 0 — 1 2 %  

m o i s t u r e .

F i g .  3 — A p p e a r a n c e  o f  t y p i c a l  G a i n e s  w h e a t  k e r n e l  a f t e r  t o a s t i n g .

F o r  w h o l e  g r a i n  d e b r a n n i n g ,  a  C e C o C o  D e -  
b r a n n i n g  M a c h i n e  ( C e n t r a l  C o m m e r c i a l  C o . )  o r  
a  l a b o r a t o r y  R i c e  M ill  # 3  ( H . T .  M c G i l l  C o . )  

w e r e  u s e d .  A  c o f f e e  m i l l  ( H o b a r t  M f g .  C o . )  w a s  
u s e d  f o r  m a k i n g  c r a c k e d  t o a s t e d  g r a i n .  

V i s c o s i t i e s

S l u r r i e s  o f  p r e g e l a t i n i z e d  f l o u r  a r e  n o n -  
N e w t o n i a n  ( t h i x o t r o p i c )  a n d  c a r e f u l l y  s t a n d 
a r d i z e d  v i s c o s i t y  p r o c e d u r e s  m u s t  b e  f o l l o w e d .  
F o r  t e s t i n g  w i t h  a  B r o o k f i e l d  V i s c o m e t e r  w i t h  a  
h e l i p a t h  s t a n d  ( B r o o k f i e l d  E n g .  L a b s . ) ,  2 0 g  o f  
f l o u r  a n d  1 5 0 g  o f  r o o m  t e m p e r a t u r e  w a t e r  w e r e  

s l u r r i e d  w i t h  a  f o r k  f o r  2 - 3  m i n ,  h e l d  f o r  a  
t o t a l  o f  e x a c t l y  5  m i n  w i t h o u t  a d d i t i o n a l  s t i r 
r i n g ,  q u i c k l y  p o u r e d  i n t o  t h e  t e s t  c e l l  a n d  a  
r e a d i n g  t a k e n  a f t e r  1 m i n  w i t h  s p i n d l e  # 2  a t  6 0  
r p m .

F o r  v i s c o - a m y l o - g r a p h  ( C .W . B r a b e n d e r  
I n s t . ,  I n c . )  r e a d i n g s ,  5 2 5 g  o f  s l u r r y  w a s  m a d e  
u p  w i t h  f l o u r  t o  1 2 .4 %  t o t a l  s o l i d s  a n d  r u n  o n  a  
s t a n d a r d  t i m e - t e m p  p r o g r a m .

E s t e r a s e  a n a l y s i s

F l u o r o m e t r i c  a s s a y s  w e r e  u s e d ,  e m p l o y i n g  
t h e  c a p r y l a t e  e s t e r  o f  4 - m e t h y l u m b e l l i f e r o n e ,  
a c c o r d i n g  t o  t h e  m e t h o d  o f  J a c k s  a n d  K i r s c h e r  
( 1 9 6 7 ) .

RESULTS & DISCUSSION
M o isten in g  a n d  te m p e rin g

B o t h  G a i n e s  a n d  H R W  w h e a t s  a b 

s o r b e d  m o i s t u r e  s h a r p l y  t o  2 7 %  i n  2 0  m i n  

i n  w a t e r  a t  1 1 0 °F , t h e n  e a c h  c o n t i n u e d  i n

c o n s ta n t  b u t  d if fe re n t  m o is tu re  a b so rp 
t io n  ra te s  th ro u g h  2 h r  to ta l  s te e p in g  
tim e , G a in es  a t  0 .0 8 %  p e r  m in  a n d  H R W  
a t 0 .1 2 %  p e r  m in . O p tim u m  te m p e rin g  
tim e s  a t  3 4 ° F  w ere  2 4 —4 8  h r ;  s h o r te r  
t im e s  gave p o o r  m o is tu re  p e n e t r a t io n  in to  
th e  e n d o sp e rm , as e v id e n ce d  in  m o re  
ra p id  m o is tu re  lo ss a n d  less s ta rc h  g e la ti-  
iz a t io n  d u rin g  to a s tin g . V isc o sitie s  w ere  
a lso  lo w e r in  f lo u r  s lu rrie s  m a d e  fro m  
to a s te d  w h e a t th a t  h a d  b een  te m p e re d  
to o  lo n g  a t  3 4 ° F ,  p o ss ib ly  d u e  to  e n z y 
m a tic  a c t io n  in  th e  m o is te n e d  g ra in . In  
o n e  te s t  o n  H R W , te m p e rin g  w as a c c e le r
a te d  b y  h o ld in g  4  h r  in  c lo sed  c o n ta in e rs ,  
a t  1 1 0 °F ; v isco sitie s  o f  f lo u r  s lu rrie s  w ere  
e q u iv a le n t to  th o se  fro m  w h e a t h e ld  
2 4 - 4 8  h r  a t 3 4 ° F .

T o a s tin g
T h e  w h e a t k e rn e ls  e x p a n d  d u rin g  

to a s tin g , as sh o w n  in  F ig u re  2 fo r  G a in es 
w h e a t. A lm o st tw o fo ld  e x p a n s io n  o c c u rs , 
u n d e r  th e  m o s t fa v o ra b le  c o n d it io n s .  T h e  
o v e rla p p in g  s ig m o id a l p a t te rn  o f  th e se  
cu rv es is a t t r ib u te d  to  ( in  s e q u e n c e ) ,  th e  
in it ia l  sm all v o lu m e  in c re a se  o f  a d d e d  
m o is tu re ,  th e  d e la y e d  e x p a n s io n  o f  h ig h  
m o is tu re  sam p le s  b e ca u se  o f  e v a p o ra tiv e  
co o lin g , s ta rc h  g ra n u le  e x p a n s io n  w ith  
g e la t in iz a t io n , a n d  f o rm a t io n  o f  fissu res  
a n d  v o id s  as in te rn a l  v a p o r  p re ssu re  rises. 
D e v e lo p m e n t o f  large  ir re g u la r  in te rn a l  
v o id s (F ig . 3 ) o r  o f  su rfa c e  b lis te rs  c o m 
p lic a te s  m a t te r s ,  a n d  re d u c e s  th e  va lue  o f  
PI as a  c r ite r io n  o f  to a s te d  q u a li ty .  As 
su g g ested  b e lo w , v isc o s ity  a p p e a rs  to  be  a 
m o re  u se fu l c r ite r io n .

A n  u n e x p e c te d  p h e n o m e n o n  w as o b 
serv ed  in  tj^ A  ° f  g ra in  d u rin g  to a s tin g  
(F ig . 4 a n d  5 ). G a in es w h e a t  in it ia lly  a t  
14%  m o is tu re  rises s m o o th ly  to  a p p ro a c h  
a ir  te m p e ra tu re  d u rin g  to a s tin g  a t  3 0 0 ° F ;  
h o w e v e r , a t 4 0 0 ° F , g ra in  te m p e ra tu re  
rises s m o o th ly  to  o n ly  3 2 0 ° F ,  th e n  ac 
tu a lly  d ro p s  ( a f te r  15 sec  to a s t  t im e )  
a n d  re m a in s  d e p re ssed  fo r  a b o u t  10 sec 
m o re  b e fo re  i t  re su m es i ts  u p w a rd  c lim b . 
A t 5 0 0 ° F , w ith  h ig h  h e a t  f lu x , th e  
in f le c t io n  is m in o r  a t  14%  m o is tu re  b u t  
p ro n o u n c e d  w h e n  in it ia l  g ra in  m o is tu re  is 
h ig h , a lth o u g h  d e la y e d  a fe w  se c o n d s . 
T h is  p h e n o m e n o n  is p ro b a b ly  d u e  to  te m 
p o ra ry  rev ersa l o f  h e a t  f lo w  w h e n  v ig o r
o u s  m o is tu re  v a p o r iz a t io n  (e n d o th e rm ic )  
c o m m e n c e s , w h ile  te m p e ra tu re  g ra d ie n ts  
s lo w ly  d ec rease  a n d  re d u c e  h e a t  in p u t .  
T h is  e f fe c t  is n o t  r e f le c te d  in  th e  c e n te r  
te m p e ra tu re  o f  th e  e n d o sp e rm  (F ig . 4 ) . 
H e a t q u a n ti t ie s  can  be  e s t im a te d  f ro m  
F ig u re s  4  a n d  5, a n d  f ro m  th e  e v a p o ra 
t io n  ra te s  sh o w n  in  F ig u re  6 . A t 3 0 0 ° F  
a ir  te m p e ra tu re ,  h e a t  f lo w  a n d  e v a p o ra 
t io n  are  b a la n c e d , a t  4 0 0 ° F  th e y  are  b a l
a n c e d  u n til  e v a p o ra tio n  b e c o m e s  e x c e s 
sive a n d  a t 5 0 0 ° F ,  h e a t  f lo w  is a lw ay s  
h ig h e r  th a n  e v a p o ra t io n ,  e x c e p t  as fo l
lo w s: W hen in i t ia l  g ra in  m o is tu re  is h ig h , 
e v a p o ra tiv e  c o o lin g  is d o m in a n t  a n d  
k e e p s  g ra in  te m p e ra tu re s  d o w n  u n t il  th e
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F i g .  4 — M a s s - a v e r a g e  t e m p e r a t u r e  o f  w h e a t  ( G a i n e s )  d u r i n g  t o a s t i n g .  

I n i t i a l  w h e a t  m o i s t u r e ,  1 4 % .

TOAST TIME, SECS.

F i g .  5— M a s s - a v e r a g e  t e m p e r a t u r e  o f  w h e a t  ( G a i n e s )  d u r i n g  t o a s t i n g .  

E f f e c t  o f  i n i t i a l  w h e a t  m o i s t u r e .

MINUTES
°C

H ------- HEATING-------«4 CON ST. +*- COO LING —H

F i g .  6 — R e s i d u a l  m o i s t u r e  c o n t e n t  o f  G a i n e s  w h e a t  a f t e r  t o a s t i n g  a n d  F i g .  7 - V i s c o - a m y l o - g r a p h  v i s c o s i t i e s  o f  G a i n e s  t o a s t e d  w h e a t  f l o u r ,  

a i r - q u e n c h i n g .  S o l i d  l i n e s  3 5 — 3 7 %  i n i t i a l  m o i s t u r e ,  b r o k e n  l i n e s  2 0 % .  H e a t i n g - c o o l i n g  p r o g r a m  a s  i n d i c a t e d .

su rfa ce  dries o u t  a n d  e v a p o ra tio n  slow s, 
th e n  h e a t  f lo w  d o m in a te s  u n t i l  in te rn a l  
v a p o r  p re ssu re s  b u ild  u p , fissu re s  d e v e lo p , 
a n d  re lease  o f  in te rn a l  p re ssu re  m o m e n 
ta r ily  co o ls  th e  p r o d u c t ,  a n d  f in a lly  g rain  
te m p e ra tu re  rise re su m es . T h e  c rac k lin g  
so u n d s  o f  th e  e x p a n d in g  g ra in  a t  th e  tim e  
o f  th e  in f le c t io n  in  th e  c u rv e , a re  a u d ib le  
ab o v e  th e  ro a r  o f  th e  to a s te r .  T h e  large  
la te n t  h e a t  value  o f  w a te r  m ag n ifie s  th e  
e n d o th e rm ic  e f fe c t.  G e la tin iz a tio n  o f  
s ta rc h  is a lso  e n d o th e rm ic ,  b u t  o f  sm all

m a g n itu d e . T h e  h ig h e r  th e  in it ia l  m o is
tu r e ,  th e  lo n g e r  th e  in it ia l  c o o lin g  is 
n o te d  b ecau se  th e  m o is tu re  “ re se rv o ir”  is 
g re a te r . In d ire c t  c o n f irm a tio n  o f  th is 
th e o ry  is seen  o n  a n a ly s is  a n d  c o rre la t io n  
o f  p u f f  in d e x  cu rv es, f lo u r  v isco sity  
v a lu es, e n d o sp e rm  a p p e a ra n c e , a n d  e n 
z y m e  in a c tiv a tio n  re su lts .  T h is  c o u ld  re 
su lt  in  a p ro d u c t  w ith  less g e la tin iz a tio n  
w ith  35%  M 0 , th a n  a t 28%  M 0 o r  even 
20%  M 0 , i f  a t  h ig h e r  to a s te r  te m p e ra tu re s  
e v a p o ra tio n  is m o re  ra p id  th a n  g e la tin iza 

t io n ,  o r  i f  th e  g ra in  is o v e r-to a s te d , as 
d iscu ssed  b e lo w .

E n zy m e  in a c tiv a tio n
R e sid u a l e s te ra se  a c tiv ity  in  to a s te d  

g rain  is sh o w n  in  T ab le  1. E v en  th o u g h  
th e  b ra n  la y e r  is a lw ay s h o t te r  th a n  th e  
e n d o sp e rm  d u rin g  to a s tin g , th e  o rig in a l 
e s te ra se  c o n te n t  o f  th e  b ra n  f ra c tio n  is 
over five t im e s  th a t  in  th e  m illed  f lo u r  
f ra c t io n , a n d  th e re fo re  m o re  d iff ic u lt  to  
in a c tiv a te  c o m p le te ly . I t  can  be seen  th a t
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Table 1 —Residual esterase activity in
toasted wheat3

Toast conditions Residual
Time Temp I m a esterase,%
sec ° F °F Bran Flour

0 — — 100 00
5 400 195 2.2 4.0

10 400 275 1.6 0
20 300 275 2.7 0
15 400 323 0 0

a Gaines w hea t. 1 4 -1 5 % m o is tu re before
toasting

to ta l  in a c tiv a tio n  o f  w h o le  g rain  re q u ire s  
a m in im u m  to a s tin g  o f  15 sec  a t 4 0 0 ° F ,  
o r m o re  th a n  2 0  sec  a t  3 0 0 ° F ,  so  th a t  
tM A  a tta in s  2 7 5 ° F  o r  h ig h er. R esid u al e n 
zy m e a c tiv ity  a ffe c ts  s to rag e  s ta b il i ty ,  as 
w ell as v isco sity  v a lues, as w ill be d is
cu ssed  b e lo w .

V isco sitie s

W alker e t al. (1 9 7 0 )  fo u n d  th a t  d isa p 
p e a ra n c e  o f  b ire fr in g en c e  o f  s ta rc h  g ran 
u les  was d if f ic u lt  to  c o rre la te  w ith  sus
c e p tib il i ty  to  d ig es tio n  b y  ii-am ylase , and  
ch o se  d ig es tio n  to  m easu re  s ta rc h  g ran u le  
d is ru p tio n . S ince v isco sity  a lso  d e p en d s  
o n  g ra n u le  d is ru p tio n , w e u sed  th e  vis
c o s ity  o f  a c o ld  w a te r  s lu rry  o f  f lo u r  fro m  
th e  to a s te d  w h e a t as a  m ea su re  o f  e x te n t  
o f  g e la tin iz a tio n  a c q u ire d  in  t re a tm e n t.  
V isc o sity  in c reases  l in e a rly  w ith  p r e to a s t 
ing  g ra in  m o is tu re  c o n te n t ,  b u t  is sign ifi
c a n tly  a ffe c te d  by  te m p e rin g , as d iscu ssed  
ab o v e . O v e rto as tin g  can  a lso  se rio u sly  re
d u ce  v isco sity  (see  T ab le  2 a n d  d iscu ssio n  
o f  s to ra g e  s ta b ili ty ) . T o a s tin g  te m p e ra tu re s  
o f  3 0 0 ° F  are  n o t  in c lu d e d  b ecau se  l it t le  
o r  n o  v isco sity  in c re ases  re su lt. P y ro ly tic  
d e g ra d a tio n  o c c u rre d  in  m o st sam p les 
to a s te d  excessiv e ly . W alker e t  al. (1 9 7 0 )  
fo u n d  te m p e ra tu re s  o : 4 5 0 —4 7 5 ° F  p e r
m issib le  o n  11 —25%  m o is tu re  w h e a t fo r  
3 0  sec , b u t  lo n g er tim es  in  th e  to a s te r  
o n ly  in c re a sed  d e g ra d a tio n  o f  th e  p ro d 
u c t. F o r  a ssu ran ce  o f  c o n tro l ,  o p tim u m  
c o n d itio n s  o f  th e  to a s te r  a p p e a r  to  be 
4 0 0 - 4 5 0 ° F .  V isco sity  values te n d  to  be  
h ig h er fo r  G a in es th a n  fo r  HRW .

V isco -am y lo -g rap h  (V A G ) v isco sity  
p a tte rn s  o n  to a s te d  an d  o n  u n to a s te d  
w h e a t a re  sh o w n  in  F ig u re  7. In itia l 
(c o ld )  v isco sitie s  are su b s ta n tia l  o n  th e  
to a s te d  sam p le s , as a re  p eak  a n d  f in a l s e t 
b ack  (5 0 °C ) v isco sitie s . E n z y m e  (a m y l
ase) in a c t iv a tio n  is be liev ed  to  be re sp o n 
sib le  fo r  th e  g re a te r  p eak  a n d  se t-b ac k  
v a lu es, a lth o u g h  it  has b e en  su g g ested  
th a t  s ta rc h  g ran u le  m o d if ic a t io n  m ay  be a 
fa c to r .

Table 2—Effect of over-toasting on viscosity

Initial
moisture

%

Toast conditions

Temp Time 
° F sec

Brookfield
viscosity

cp

Gaines, C3 30.9 400 60 365
Gaines, C3 30.9 400 70 255
Gaines, C3 30.9 400 80 218
Gaines, B11 28.2 500 30 358
Gaines, B11 28.2 500 40 295
Gaines, B11 28.2 500 50 255

HRW, B1 35.5 500 15 170
HRW, B1 35.5 500 35 305
HRW, B1 35.5 500 45 275
HRW, B1 35.5 500 50 210

Table 3—Comparison of viscosities of pregelatinized flour with other
similar products

Brookfield
Sample viscosity, cps

Cracker meal 10
Scarified debranned bulgur (Gaines) 10
Commercial steamed wheat flour 25
Bulgur-type preparation (Gaines)3 155
Toasted wheat (Gaines)b 350

3 W heat steeped to  24 .5%  m o is tu re  accord ing to  increasing -tem perature  
b u lgur program , except n o t steamed; toasted 60  sec at 4 0 0 ° F. 

b W heat steeped to  30%  m o is tu re , a t 110° F, eq u ilib ra ted  34  h r a t 34° F; 
toasted 55 sec at 400° F.

Table 4—Applications for toasted wheat

Applications Form

Batters and breaders for fish, poultry, 
meat, vegetables 

Fried specialties, snacks 
Baked specialties, snacks 
Gels
Thickener (sauces, soups, gravies)
Gruel
Rice-like, or bulgur like, casserole item

Flour, meal 
Flour, extrusions 
Flour, meal 
Flour 
Flour
Flour, meal, grits, flakes 
Grits, debranned kernels

F in ish in g
T o a s te d  w h e a t can  be ro lle r  m illed  to  

o b ta in  f lo u r  y ie ld s as h igh  as 7 0 —75% , 
b u t  th e  g rain  m u s t be b e lo w  10% m o is
tu re  fo r  h ig h es t y ie ld s . F ib e r  c o n te n t  o f 
th e  f lo u r  w as re d u c e d  to  as lo w  as 0 .6%  
fro m  w h e a t o rig in a lly  2 .9 5 % , ash  c o n te n t  
was h a lv ed , a n d  fa t  c o n te n t  re d u c e d  40% . 
D e b ran n in g  w h o le  g ra in  re q u ire s  p re 
m o is te n in g  to a s te d  g ra in  su rfa ce s  w ith  
10%  w a te r , te m p e rin g  7 m in  b e fo re  m ill
in g  in  a M cG ill rice  m ill 3 0  sec  u n d e r  th e  
p ressu re  o f  a 2-lb w e ig h t, a n d  fin a lly  
b u ff in g  3 0  sec  w ith  lev er a rm  o n ly . T h e  
b ra n  re m a in s  in  sh re d s , u n p u lv e r iz e d , an d  
m u st be a ir  s e p a ra te d  fro m  th e  d e b ra n n e d

g ra in . W ith  o n ly  a 5% d e b ra n n in g  w e igh t 
loss, f ib e r  is r e d u c e d  30% . C ra c k e d  to a s t 
ed  w h e a t g rits  w ere  re a d ily  p re p a re d  in 
th e  co ffe e  m ill w ith  a m in im u m  o f  s if t in g  
a n d  re g rin d in g  a n d  a m in im u m  o f  fin es .

A p p lic a tio n s
Several c o m p a riso n s  o f  w h e a t p ro d u c ts  

b y  v isco sity  a re  sh o w n  in  T a b le  3 . N o t 
o n ly  d o es to a s te d  w h e a t have  th e  h ig h es t 
co ld  v isco sity  o f  th o se  p ro d u c ts  sh o w n  
b u t  a d d it io n a l  v isc o s ity  c an  b e  o b ta in e d  if  
d e s ired  in  c e r ta in  a p p lic a t io n s ,  b y  fu r th e r  
c o o k in g  (F ig . 7 ). We te s te d  severa l a p p li
c a tio n s  o f  to a s te d  w h e a t;  th o se  th a t  sh o w  
p ro m ise  a re  sh o w n  in  T ab le  4 . T h e  c h a r
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a c te r is tic s  n e e d e d  in  e ach  o f  th e se  a p p li
ca tio n s  can  o f te n  be “ m a d e - to -o rd e r .”  
T o a s te d  w h e a t m ea l u se d  as b re ad e rs  fo r  
fish , p o u ltry  a n d  m e a ts , clings very  w ell 
to  d a m p  fo o d  su rfa ce s , a n d  can  be  p re 
p a red  as fin e  o r  co arse  g rin d  as n e e d e d  fo r  
a p p ea ran c e  o r  ta s te . P ro d u c ts  w ith  h igh  
co n sis ten c ies  can  be m ad e  if  n e e d e d  fo r  
e x tru s io n s , o r  f r ied  o r  b a k e d  sp ec ia ltie s . 
T h ic k en e rs  fo r  so u p s , sau ces, o r  gravies 
im p ro v e  th e  su sp en s io n  o f  so lid s  d u rin g  
p re p a ra tio n  o r  co o k in g . G ru e ls  can  be 
p re p a re d  in s ta n tly  w ith  b o ilin g  w a te r . 
C assero le  i te m s  can  be  fo rm u la te d  w ith  
w h e a t c o m p a tib le  w ith  o th e r  q u ic k 
c o o k in g  in g re d ie n ts . S p e c if ic a tio n s  fo r  
ite m s  m ad e  fo r  fo re ig n  a id  p ro g ram  
(E ld e r  an d  W eisberg , 1 9 7 0 ) can  easily  be 
m e t. A n e x a m p le , is th e  w h e a t c o m p o 
n e n t  in  W h ea t-S o y -B len d  (H o ra n , 1 9 7 3 ), 
o f  w h ich  n e a r ly  100  m illio n  p o u n d s  
w o r th  $ 7 .5  m illio n , w ere  e x p o r te d  in 
1971 (A n o n , 1 9 7 0 ). C ra ck e d  to a s te d  
w h e a t was in fo rm a lly  e v a lu a te d  as an  
a c c e p ta b le  s u b s t i tu te  fo r  c ra c k e d  b u l
g u r, an d  re q u ire d  less c o o k in g  in  o u r  
te s ts .

S to rag e  s ta b il i ty
Sam ples fo r  s to ra g e  te s ts  w ere  p re 

p a red  ea rly  in  th is  in v e s tig a tio n , to  ru n  
c o n c u rre n tly  w ith  o th e r  te s ts . S e lec tio n  
o f  to a s tin g  c o n d itio n s  fo r  s to rag e  sam p les 
was m ad e  a rb itra r ily , h o p in g  to  b ra c k e t 
a n tic ip a te d  ty p ic a l p ro cess in g  o p e ra t io n s , 
w h ile  l im itin g  th e  n u m b e r  o f  sam p les. 
H o w ev e r, su b s e q u e n t to a s tin g  te s ts  in 
d ic a te d  th a t  th e  ran g e  ch o se n  w as to o  
b ro a d  a n d  d id  n o t  in c lu d e  w h a t w ere 
fo u n d  to  be  o p tim u m  to a s tin g  c o n d itio n s  
( 4 0 0 —4 5 0 ° F ) .  D e ta iled  s to ra g e  te s ts  are

to  be  re p o r te d  in  a s u b s e q u e n t  p u b lic a 
t io n  (G u a d ag n i, 1 9 7 3 ). In g en era l, tw o  
ty p e s  o f  o ff-o d o rs  a p p e a r  to  d e v e lo p , e n 
z y m a tic  an d  p y ro ly tic  in  o r ig in . E n z y m a t
ica lly  d e riv ed  o ff-o d o rs  o c c u r  in  sam p les 
o f  w h e a t to a s te d  w ith  c o m b in a tio n s  o f  
h igh  in it ia l  m o is tu re , lo w  to a s t  te m p e ra 
tu re ,  a n d  s h o r t  to a s t  tim es  w h ic h  leave 
s ig n ific a n t c o n c e n tra t io n s  o f  e n zy m es . 
P y ro ly tic a lly  in d u c e d  o ff-o d o rs  o c c u r  in 
sam p les in  w h ic h  n o  active  e n z y m e  sy s
te m  re m a in s , b u t  ex cess  h e a t  e x p o su re  
has d e v e lo p ed  c a rb o n y l c o m p o u n d s , a lc o 
h o ls  a n d  free  f a t ty  ac id s (L o re n z  an d  
Jo h n s o n , 1 9 7 2 ), n o t  to  m e n tio n  dam age 
to  p ro te in  a n d  a m in o  acid s (W h is tle r an d  
P asch a ll, 1 9 6 7 ). G u a d ag n i (1 9 7 3 )  fo u n d  
c o rre la t io n  b e tw e e n  h e x a n a l c o n te n t  and  
o f f -o d o r  d e v e lo p m e n t in  to a s te d  w h e a t. 
In w o rk  o n  d ru m  d ry in g  (W h is tle r an d  
P asch a ll, 1 9 6 7 ) d e s tru c t io n  o f  th e  s ta rc h  
g ran u le s  fo rm e d  p y ro d e x tr in s  a n d  cau sed  
ra n c id ity  to  d ev elo p  in  th e  s to re d  d ry  
p o w d e r  u n less sa lts  o f  o r th o p h o s p h a te  
w ere a d d e d . I t  a p p ea rs  th a t  a d d itiv es  
c o m m o n ly  u sed  to  s tab ilize  cereals m ig h t 
be  re q u ire d  to  e x te n d  th e  s to rag e  life 
o f  to a s te d  w h e a t p ro d u c ts  b e y o n d  4 
m o n th s .

CONCLUSION
JU D IC IO U S  S E L E C T IO N  o f  c o n d itio n s  
in  all phases o f  p re p a ra tio n  a n d  to a s tin g  
o f  w h o le  k e rn e l w h e a t is re q u ire d  to  im 
p a r t  th e  d e s ired  p ro p e rt ie s  w i th o u t  o v e r
h e a tin g  o r  o th e rw ise  re d u c in g  q u a lity . I f  
lo w  m o is tu re  to a s te d  p ro d u c ts  a re  r e 
q u ire d , i t  is p re fe ra b le  to  re d u c e  m o is
tu re  in  a se c o n d a ry  d ry in g  s te p  ra th e r  
th a n  in c re ase  th e  se v e rity  o f  th e  to a s t 

in g  o p e ra t io n . C o n v e n tio n a l tre a tm e n ts  
fo r  e x te n d in g  s to ra g e  life  o f  cereals are 
re c o m m e n d e d  fo r  use  in  to a s te d  w h ea t 
p ro d u c ts .
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ENRICHMENT OF TORTILLAS WITH SOY PROTEINS BY 
LIME COOKING OF WHOLE RAW CORN-SOYBEAN MIXTURES

INTRODUCTION
AS IS W EL L  K N O W N , to r ti l la s  are  a 
b asic  c o m p o n e n t o f  th e  M ex ican  d ie t. 
T h ey  are  c o n su m ed  b y  all soc ial classes, 
an d  are  u su a lly  e a te n  w ith  m o s t fo o d s  
a n d  m eals. T o rti l la s  p e r fo rm  m u ltip le  
fu n c tio n s  in  e a tin g , b e in g  u sed  as a su b 
s t i tu te  fo r  b re a d , sn ack s , e a tin g  u ten s ils , 
a n d  a p r in c ip a l c o m p o n e n t  o f  th e  d ie t  if  a 
fam ily  is v e ry  p o o r . T h e  im p o r ta n c e  o f  
to r ti l la s  in  M ex ico  m ay  b e  a p p re c ia te d  b y  
n o tin g  th a t  average a n n u a l p e r  c a p ita  c o n 
su m p tio n  is o f  th e  o rd e r  o f  120 k ilo s .

In  a b so lu te  te rm s , to r ti l la s  a re  a g o o d  
c a lo rie  so u rc e  b u t a p o o r  p ro te in  so u rce . 
T h e  la t te r  fa c t is d u e  to  tw o  b asic  re a 
so n s: 1) th e ir  p ro te in  c o n te n t  is lo w , o f  
th e  o rd e r  o f  9%  o n  a d ry  b asis; a n d  2 ) 
th e ir  p ro te in  q u a li ty  is p o o r ,  hav in g  a P ro 
te in  E ffic ie n c y  R a tio  (P E R ) o f  th e  o rd e r  
o f  1.5 (C ra v io to  e t a l., 1 9 5 0 ).

P o o r  p ro te in  q u a li ty  in  to r ti l la s  is n o t 
im p o r ta n t  if  fam ily  in co m e  p e rm its  a c q u i
s it io n  o f  an im a l p ro te in  fo o d s  su ch  as 
m e a t, m ilk , eggs, fish , e tc . O n  th e  o th e r  
h a n d , a v e ry  se rio u s  p ro b le m  arises if  su c h  
re so u rce s  a re  n o t  availab le , a n d  to r ti l la  
p ro te in s  b e c o m e  p re d o m in a n t  in  to ta l  
d ie ta ry  p ro te in s . In  su c h  cases severe  p ro 
te in  m a ln u tr it io n  can  o c c u r ,  w ith  all its  
so m b e r  c o n se q u en c es .

S ince to r ti l la s  a re  a u n iv e rsa l fo o d  in  
M ex ico , th e y  w o u ld  be  th e  id ea l veh ic le  
fo r  e n r ic h in g  d ie ts  in  th e  c o u n try .  T h is 
w o u ld  a lso  b e  tru e  fo r  m o s t  o f  C e n tra l 
A m erica . R eco g n iz in g  th is  fa c t,  a n u m b e r  
o f  in v es tig a tio n s  have b e e n  c a rried  o u t  
a tte m p tin g  to  im p ro v e  to r t i l la  p ro te in  
q u a l i ty : (1 )  E n r ic h m e n t w i th  soy  f lo u r  
(C ra v io to  e t a l., 1 9 5 0 ; C ra v io to  a n d  
C e rv an tes , 1 9 6 5 ) ; (2 )  A m in o  ac id  su p p le 
m e n ta tio n  (B ressan i, 1 9 7 2 ); an d  (3 )  D e
v e lo p m e n t o f  O p aq u e  II c o rn  (B ressan i,
1 9 7 2 ). O f th e s e  th re e  p o ss ib ilitie s , th e  
f irs t tw o  hav e  a se rio u s  d isad v an tag e : 
u sin g  th e  tra d i t io n a l ,  a n d  b y  fa r  th e  m o s t 
c o m m o n  m e th o d  fo r  m ak in g  to r ti l la s  (see 
“ E x p e r im e n ta l”  s e c tio n ) , i t  is im p o ssib le  
to  in tro d u c e  th e  e n ric h in g  a g en t un i-

1 P r e s e n t  a d d r e s s :  S c h o o l  o f  M a r i n e  S c ie n c e s  

&  F o o d  T e c h n o l o g y ,  M o n t e r r e y  I n s t i t u t e  o f  

T e c h n o l o g y ,  G u a y m a s ,  S o n o r a ,  M e x i c o

fo rm ly  w ith in  th e  to r ti l la s , given th e  
im p o ss ib il i ty  o f  u n ifo rm ly  m ix in g  a p o w 
d e r  su ch  as so y  f lo u r  w ith  c o o k e d  lim ed  
c o rn  o r  c o rn  d o u g h . It sh o u ld  b e  n o te d  
th a t  it is p o ss ib le  to  u n ifo rm ly  e n ric h  
to r ti l la s  m ad e  by  a n e w e r m e t h o d -  
lim ed  c o rn  f l o u r - w i th  so y  f lo u r  o r  a m in o  
ac id s; in  th is  case, b o th  p o w d e rs  a re  sim 
p ly  m ix e d . C o rn  f lo u r  th u s  h a s  a g o o d  
p o te n t ia l  fo r  im p ro v in g  th e  M ex ican  d ie t, 
e sp ec ia lly  b e ca u se  i t  c an  a lso  b e  e n ric h e d  
w ith  v ita m in s  an d  o th e r  p ro te in  so u rc es  
su ch  as FP C . O n  th e  o th e r  h a n d , a ll su ch  
en ric h in g  a g en ts , in c lu d in g  soy  f lo u r  and  
a m in o  acid s, a re  fa ir ly  e x p en s iv e , so 
th a t  th e ir  in c lu s io n  in  to r ti l la s  b y  e ith e r  
m e th o d  w o u ld  p rice  th e m  o u ts id e  th e  
e c o n o m ic  re a c h  o f  m o s t lo w  in co m e  
g ro u p s .

O p a q u e  II c o rn  w o u ld  re p re se n t  a 
g o o d  so lu t io n  to  th e  p ro b le m , s ince  its  
p ro te in  q u a li ty  is v e ry  h igh . T h e  p ro d u c t,  
h o w e v e r, is s till  in  th e  d e v e lo p m e n ta l 
s tage  a n d  w ill p ro b a b ly  n o t  b e c o m e  avail
ab le  in  large  q u a n ti t ie s  fo r  a few  m o re  
y ea rs .

M ore re c e n tly ,  o th e r  so lu t io n s  have 
b e en  p ro p o se d  fo r  e n r ic h in g  to r ti l la s  su ch  
as use o f  s y n th e tic  c o rn ; u se  o f  p re 
im p re g n a te d  (w ith  a m in o  a c id s)  c o rn ; an d  
a d d it io n  o f  a m in o  ac id s to  lim e -co o k e d  
c o rn  a t th e  t im e  o f  g rin d in g  (M olina  e t 
a l., 1 9 7 2 ). I t  is b e liev ed , h o w e v e r, th a t  
th ese  so lu t io n s  w o u ld  be  e ith e r  to o  c o s tly  
o r  d if f ic u lt  to  c a rry  o u t  in  p ra c tic e .

C o n sid e rin g  th e  fo reg o in g , a sim p le  
a n d  in ex p e n siv e  m e th o d  fo r  e n ric h in g  
to r ti l la s  w ith  soy  p ro te in s  w as so u g h t. 
T h e  m e th o d  fo u n d  w as o n e  w h ic h  em 
p lo y s  w h o le  raw  so y b e a n s  as th e  e n r ic h 
ing a g en t, a n d  e sse n tia lly  c o n s is ts  o f  
lim e -co o k in g  so y b e a n s  to g e th e r  w ith  c o rn  
in  th e  u su a l m a n n e r , a n d  m ak in g  to r ti l la s  
fro m  th e  c o o k e d  c o rn -so y a  m ix tu re ,  a lso 
in  th e  u su a l m a n n e r .

EXPERIMENTAL
T H E  P R O P O S E D  e n r i c h m e n t  m e t h o d  w a s  e x 
t e n s i v e l y  s t u d i e d  w i t h  t h e  p u r p o s e  o f  d e t e r 
m i n i n g  i t s  a d e q u a c y  a n d  e f f e c t i v e n e s s .  T h e  
f o l l o w i n g  p o i n t s  w e r e  c o n s i d e r e d .

M e t h o d  f o r  m a k i n g  e n r i c h e d  t o r t i l l a s

T h e  t r a d i t i o n a l  m e t h o d  f o r  m a k i n g  t o r t i l l a s  
w a s  e m p l o y e d .  W h o l e  r a w  c o r n - s o y b e a n  m i x 

t u r e s  w e r e  b o i l e d  f o r  5 0  m i n  in  l i m e w a t e r  a t  a  
t e m p e r a t u r e  o f  1 0 0 ° C ,  u s i n g  a  l i m e  d o s e  o f
1 . 4 - 2 . 0 %  ( e x p r e s s e d  a s  c a l c i u m  h y d r o x i d e )  

b a s e d  o n  t h e  w e i g h t  o f  t h e  d r y  m i x t u r e ,  a f t e r  
w h i c h  t h e  c o o k e d  m i x t u r e  w a s  a l l o w e d  t o  s t a n d  
o v e r n i g h t  ( 1 0  h r )  i n  t h e  c o o k i n g  l i q u o r .  A f t e r  
s t a n d i n g ,  t h e  l i q u o r  w a s  d e c a n t e d  a n d  t h e  
c o o k e d  c o r n - s o y a  m i x t u r e  w a s  w a s h e d  t w i c e  
w i t h  t a p  w a t e r .  T h e  m i x t u r e  w a s  f i n a l l y  g r o u n d  
i n  a  s t o n e  m i l l  i n t o  a  d o u g h ,  a n d  t o r t i l l a s  w e r e  
m a d e  f r o m  t h e  d o u g h  i n  t h e  u s u a l  m a n n e r  ( i . e . ,  
m a k i n g  t h i n  p a n c a k e s  f r o m  t h e  d o u g h  a n d  
c o o k i n g  t h e  p a n c a k e s  o n  a  h o t  p l a t e ) .

P r o x i m a t e  c h e m i c a l  a n a l y s i s

T o r t i l l a  p r o t e i n ,  f a t  a n d  a s h  c o n t e n t s  ( o r .  a  
d r y  b a s i s )  w e r e  c a l c u l a t e d  b y  t h e  u s u a l  m e t h 
o d s :  m i c r o - K j e l d a h l  f o r  p r o t e i n s ,  S o x h l e t  e x 

t r a c t i o n  f o r  f a t ,  a n d  b u r n i n g  in  a  m u f f l e  f u r n a c e  
f o r  a s h  ( A O A C ,  1 9 6 5 ) .

P r o t e i n  q u a l i t y

T w o  i n d i c e s  o f  p r o t e i n  q u a l i t y  w e r e  d e t e r 
m i n e d :  P r o t e i n  E f f i c i e n c y  R a t i o  ( P E R )  a n d  N e t  

P r o t e i n  U t i l i z a t i o n  ( N P U ) ,  u s i n g  c a s e i n  a s  a  
r e f e r e n c e  p r o t e i n  ( M u n r o  a n d  A l l i s o n ,  1 9 6 4 ;  

M i l l e r ,  1 9 6 3 ) .  F i v e  m a l e  w e a n l i n g  r a t s ,  2 2 - 2 3  
d a y s  o l d  a n d  w e i g h i n g  2 7 —2 8 g ,  w e r e  u s e d  in  

e a c h  d e t e r m i n a t i o n .  B e f o r e  i n i t i a t i o n  o f  f e e d 

i n g ,  a l l  a n i m a l s  w e r e  s t a n d a r d i z e d  b y  s t a r v i n g  
f o r  2 4  h r .  P r o t e i n  l e v e l s  i n  a l l  t o r t i l l a  d i e t s  w e r e  

a d j u s t e d  t o  9 .0 % ,  w h i c h  w a s  t h e  p r o t e i n  c o n 
t e n t  o f  a n e n r i c h e d  t o r t i l l a s  s u p p l e m e n t e d  w i t h  
v i t a m i n s  a n d  m i n e r a l s .  T o r t i l l a  d i e t s  t h e r e f o r e  

c o n s i s t e d  o f  t o r t i l l a s ,  v i t a m i n s  a n d  m i n e r a l s ,  
a n d  a n  a m o u n t  o f  c o r n s t a r c h  r e q u i r e d  f o r  a d 

j u s t i n g  p r o t e i n  l e v e l  t o  9 .0 % .  T h e  c a s e i n  d i e t  
w a s  a  s t a n d a r d  d i e t  w i t h  p r o t e i n  l e v e l  a d j u s t e d  
t o  1 0 % .

T h e  f e e d i n g  p e r i o d  w a s  2 8  d a y s  i n  a l l  c a s e s .  
R a t  w e i g h t s  a n d  a m o u n t  o f  f o o d  c o n s u m e d  b y  
e a c h  r a t  w e r e  r e c o r d e d  d a i l y  d u r i n g  t h e  d u r a 
t i o n  o f  t h e  t e s t  p e r i o d .  A l l  d i e t s  w e r e  a n a l y z e d  
b y  t h e  K j e l d a h l  m e t h o d  ( A O A C ,  1 9 6 5 )  i n  o r d e r  
t o  d e t e r m i n e  t h e i r  p r o t e i n  a n d  n i t r o g e n  c o n 
t e n t s .  P r o t e i n  q u a l i t y  i n d i c e s  w e r e  c a l c u l a t e d  
f o r  e a c h  r a t  a t  t h e  e n d  o f  t h e  t e s t  p e r i o d  a s  
f o l l o w s :

B o d y  n i t r o g e n s  w e r e  m e a s u r e d  b y  s a c r i f i c i n g  
t h e  a n i m a l s ,  h o m o g e n i z i n g  t h e  c a r c a s s e s  a n d  
a n a l y z i n g  t h e  h o m o g e n a t e s  b y  t h e  K j e l d a h l  

m e t h o d  ( A O A C ,  1 9 6 5 ) .  B o d y  n i t r o g e n  a t  t h e  
b e g i n n i n g  o f  t h e  t e s t  p e r i o d  w a s  t a k e n  e q u a l  t o  
a v e r a g e  b o d y  n i t r o g e n  o f  f i v e  o f  t h e  s a m e  w e a n 

l i n g  r a t s  ( p o p u l a t i o n ,  a g e  a n d  a v e r a g e  w e i g h t )  a s  
t h o s e  u s e d  i n  t h e  f e e d i n g  t e s t s .  A v e r a g e  P E R  
a n d  N P U  v a l u e s ,  w i t h  c o r r e s p o n d i n g  s t a n d a r d  
d e v i a t i o n s ,  w e r e  f i n a l l y  c a l c u l a t e d  f o r  e a c h  
g r o u p  o f  a n i m a l s  f e d  t h e  s a m e  d i e t ,  b a s e d  o n  
i n d i v i d u a l  v a l u e s .
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Table 1—Proximate chemical analysis o f to rtillas enriched w ith  soya 
by lime cooking o f whole raw corn-soybean mixtures, dry basis

Enrichment 
level, % 

soya
% Proteins, 

exp
% Proteins,» 

calc
% Fat, 

exp
% Ash, 

exp
0% 9.5 — 1.33 _
8% 12.4 12.0 1.71 1.54

16% 14.7 14.4 2.35 1.77
a Calculated protein contents were based on an assumed protein con

tent of 40% for soybeans and 9.5% for corn.

Table 2—Protein qua lity  o f to rtillas enriched w ith  soya by lime cooking o f whole raw 
corn-soybean mixtures

Enrichment 
level, % 

soya

Protein
Efficiency Ratio 

(PER)3
% PER to

casein

PER on basis 
of casein 

PER = 2.5

Net Protein 
U tilization 

(NPU)a
% NPU to

casein
0% 1.8 ± 0.05 59 1.5 28.0 ± 0.50 46
8% 2.5 ± 0.32 84 2.1 38.1 ± 0.60 65

16% 2.6 ± 0.22 86 2.2 41.8 ± 0.20 70
Casein 3.0 ± 0.15 100 2.5 61.0 ± 0.80 100

a PER and NPU values are reported as mean ± standard deviation.

Table 3—Protein qua lity  of d iffe rent products

Protein
Efficiency Ratio Dietary protein

Product (PER) level, % Reference

Raw soybeans 1.99 9.1 FAO. 1970, p. 222
Soy flour 2.37 10.0 FAO, 1970, p. 223
Tortillas + 8% soy flou r 2.27 10.0 Cravioto and Cervantes, 1965
Tortillas + 0.41% Lysine 2.42 10.0 Bressani, 1972

+ 0.05% Tryptophane 
Opaque II corn tortillas 2.66 10.0 FAO, 1970, p. 166

O rganoleptic testing

T h e  p u r p o s e  o f  th e s e  t e s t s  w a s  t o  d e t e r m in e  
i f  a  d e t e c t a b l e  d i f f e r e n c e  e x i s t e d  b e tw e e n  
n o r m a l  u n e n r i c h e d  to r t i l l a s  a n d  to r t i l l a s  e n 
r ic h e d  w i th  s o y a  b y  th e  d e s c r ib e d  m e t h o d .  T h e  
tr i a n g le  t e s t  w a s  u s e d ,  e m p lo y in g  a n  e x p e r t  
p a n e l  o f  2 1 - 2 5  t a s t e r s  (A S T M , 1 9 6 8 ) .  R e s u l ts  
o f  th e s e  t e s t s  w e re  a n a l y z e d  b y  t h e  u s u a l  s t a t i s 
t ic a l  m e th o d s .

Inactivation o f  to x ic  factors 
in soybeans

I t  w a s  c o n s id e r e d  n e c e s s a ry  t o  d e t e r m i n e  i f  
t h e  c o m b in e d  t r e a t m e n t  o f  b o i l in g  in  l im e w a te r  
a n d  c o o k in g  t h e  d o u g h  in  a  h o t  p l a t e  w h e n  
m a k in g  to r t i l l a s ,  w a s  s u f f i c i e n t  t o  in a c t iv a t e  
t o x i c  f a c to r s  p r e s e n t  in  r a w  s o y b e a n s  ( a n t i t r y p 
s in s  a n d  h e m a g g lu t in in s ) .  U re a s e  a c t i v i t y  in  
s o y -e n r ic h e d  to r t i l l a s  w a s  t h e r e f o r e  m e a s u r e d  as 
a n  i n d e x  o f  in a c t iv a t io n  o f  t h e s e  f a c to r s  (D e ,
1 9 7 1 ) ,  u s in g  M e th o d  N o . 2 2 -9 0  o f  t h e  A m e r i 
c a n  A s s o c ia t io n  o f  C e re a l  C h e m is t s  ( 1 9 6 2 ) .

C ost analysis

C o s ts  f o r  e n r i c h m e n t  o f  t o r t i l l a s  b y  th e

c o r n - s o y a  l im e  c o o k in g  m e t h o d  w e re  c a l c u la te d  
a n d  c o m p a r e  w i th  c o s t s  f o r  e n r i c h m e n t  w i th  
s o y  f lo u r .

I t  s h o u ld  b e  n o t e d  t h a t  in  a ll  c a s e s ,  t o r t i l l a s  
w e re  p r e p a r e d  a n d  s tu d i e d  a t  t h r e e  e n r i c h m e n t  
le v e ls :  0 %  ( c o n t r o l ) ,  8 % a n d  1 6 %  s o y a .  S o y  
p e r c e n t a g e  in  a  g iv e n  m i x t u r e  w a s  e q u a l  t o  d r y  
w e ig h t  o f  r a w  s o y b e a n s  in  t h e  m i x t u r e  x  1 0 0  
d iv id e d  b y  d r y  w e ig h t  o f  t h e  r a w  m ix tu r e .

RESULTS & DISCUSSION
Method for making enriched tortillas

Soybeans treated by the lime cooking 
method previously described were found 
to be well cooked; i.e., they were soft and 
could be easily ground in the stone mill. 
The presence of soybeans in both dough 
and tortillas was not visually detectable, 
except for a slightly darker color in sam
ples containing 16% soya. The 8% sam
ples were visually indistinguishable from 
the controls.

Proximate chemical analysis
Table 1 reports results of proximate 

chemical analyses of the tortillas. It may 
be seen that experimental data on protein 
contents coincided well with calculated 
data, based on an assumed 40% protein 
content for soybeans and a 9.5% protein 
content for corn. Fat content of tortillas 
also increased with increasing soya dose 
due to the high (approximately 20%) oil 
content of soybeans.
Protein quality

Results of protein quality determina
tions are reported in Table 2. Since it is 
becoming common practice to recalculate 
PER’s on a basis of casein equal to 2.5, 
Table 2 also reports PER values converted 
to that basis. Statistical analysis of these 
results by application of t-tests showed 
that increases in PER and NPU values of 
the enriched samples with respect to the 
controls were significant. On the other 
hand, no significant difference was found 
to exist between corresponding values of 
the enriched (8% and 16% soya) samples.

Data in Table 2 are best studied by 
reference to Table 3, which presents data 
on protein quality of raw soybeans, tor
tillas enriched with soy flour and amino 
acids, and tortillas made from Opaque II 
corn. It may be seen that protein quality 
of tortillas enriched with lime-cooked 
soybeans was essentially the same as that 
for pure soy flour, as well as for tortillas 
enriched with soy flour or with amino 
acids. Opaque II corn tortillas apparently 
had slightly higher PER values. It should 
be noted that, although dietary protein 
levels in Tables 2 and 3 were different (9 
and 10% respectively), the difference was 
sufficiently small so that valid compari
sons could be made.

Since increasing the soya dose from 
8% to 16% was found to produce no sig
nificant difference in protein quality, it is 
concluded that tortilla enrichment with 
8% soya would probably be enough to 
obtain most, if not all, of the benefit of 
increased protein quality. On the other 
hand, it is true that tortillas with 16% 
soya would have the additional benefit of 
a higher protein content with respect to 
tortillas with 8% soya.

An additional point to consider is the 
well known fact that protein quality of a 
given diet is inversely related to protein 
level in the same diet (FAO, 1970). Thus, 
feeding enriched tortillas at their own 
protein level (i.e., 12.4% and 14.7%) in
stead of the 9.0% level employed in the 
tests, would probably result in lower PER 
and NPU values than those reported in 
Table 2. This reduction would probably 
be higher with the 16% than with the 8% 
soya tortillas, and would therefore favor 
enrichment at the lower level.

Finally, it might be concluded from 
reference to Tables 2 and 3, that toxic 
factors in soybeans were probably inacti-
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Table 4 —Results o f triangle tests fo r detection o f difference between contro l (unenriched) 
to rtillas and to rtillas enriched w ith  soya by lime cooking o f whole raw corn-soybean mixtures

Enrichment No. of No. o f tasters Critical number o f tasters
level, % tasters who detected at significance level o f

soya in test difference 95% 99%

8% 21 5 12 13
16% 25 11 13 15

Table 5—Cost o f d iffe ren t enrichment treatments and levels fo r soya-enriched to rtillasa

Type of 
treatment

Enrichment 
level, % 

soya

Cost per k ilo  
tortillas, 

U.S. $ % Protein PER
Cost
PER

Cost
g protein

Control 0% 0.1200 9.5 1.8 0.067 0.00126
Lime cooked whole 8% 0.1304 12.4 2.5 0.052 0.00104

raw corn-soybeans
Lime cooked whole 16% 0.1416 14.7 2.6 0.055 0.00097

raw corn-soybeans
Soy flour 8% 0.1504 13.9 2.3 0.065 0.00110

a These costs were calculated making the following assumptions: cost of raw corn, $0.08/kg; cost of raw soybeans,
$0.28/kg; cost of soy flour, $0.64/kg; yield of tortillas with respect to whole raw corn-soybeans, 1.5 kg/kg; cost of
unenriched tortillas, $0.1200/kg. The PER value for tortillas enriched with soy flour is taken from Cravioto and
Cervantes, 1965.

vated by the lime-boiling hot plate-heat
ing treatment. This is evident from the 
fact that soy enriched tortillas had higher 
PER values than raw soybeans, but the 
same PER values as pure soy flour and 
tortillas enriched with soy flour. If these 
factors had not been inactivated, enriched 
tortilla PER values would have probably 
been considerably lower than those ob
tained.
Organoleptic tests

Results obtained in the triangle tests 
are reported in Table 4. It may be seen 
that no significant difference was found 
at either level of enrichment, even at the 
lower (95%) significance level. On the 
other hand, the proportion of tasters who 
detected a difference between enriched 
and unenriched tortillas increased from 
25% in the first test to 44% in the second 
test. This is reasonable since, as noted 
previously, the 16% soy tortillas were 
slightly darker than the controls, whereas 
the 8% soy tortillas were practically 
visually indistinguishable from the con
trols. It should be noted that subsequent 
preliminary work has shown that the 
presence of soybeans in tortillas is not 
significantly detectable below a soya level 
of 20%.
Inactivation of toxic factors

Urease activity was found to be negli
gible in all cases. These results are not 
surprising, in view of the high PER and 
NPU values obtained with soy-enriched

tortillas. As noted previously, the soy
bean toxic factors were probably inacti
vated by the combined effect of two heat 
treatments: boiling the corn-soybean mix
ture in limewater and heating the corn- 
soya dough in a hot plate when making 
tortillas.
Cost analysis

Calculated cost data for enrichment by 
different treatments and at different lev
els are reported in Table 5. It may be seen 
that enrichment by the corn-soybean lime 
cooking method was undoubtedly cheap
er than enrichment by addition of soy 
flour. Within the first method of enrich
ment the cost of each PER unit was 
cheaper at the 8% level than at the 16% 
soya level. On the other hand the oppo
site was true with the cost of each gram 
of protein, due to the lower cost of soya 
proteins with respect to corn proteins. 
The recommendable enrichment level 
would probably have to be dictated by 
the consumer, who would have to choose 
between higher-priced more proteinated 
tortillas or vice versa. It is believed that 
the choice would probably favor the 
lower enrichment level, due to the lower 
cost and given the high price elasticity of 
tortillas in Mexico. In any case, either 
enrichment level would have the benefit 
of the high protein quality.

CONCLUSIONS

IT HAS BEEN established that enrich

ment of tortillas by lime cooking of raw 
corn-soybean mixtures is effective, since 
protein quality is apparently increased to 
levels obtainable by enrichment with 
either soya flour or amino acids. This in
crease in protein quality is probably due 
to amino acid complementation between 
corn and soya proteins.

No significant difference in protein 
quality (PER and NPU) apparently exists 
between tortillas enriched with 8% and 
16% soya when both are fed at a dietary 
protein level of 9.0%.

Resulting corn-soya mixtures are com
pletely homogeneous, so that enrichment 
of dough and tortillas is uniform. The 
same method of enrichment produces a 
significant increase in the protein con
tent of tortillas. The enrichment method 
changes neither eating habits nor food 
recipes, since it employs the traditional 
method for making tortillas. The presence 
of soya in tortillas so enriched is not sig
nificantly detectable by a trained panel, 
at least up to a soya level of 16%.

Tortilla enrichment is obtained at a 
minimum cost, since whole raw soybeans 
are employed.

Toxic factors present in raw soybeans 
used for enriching tortillas are apparently 
inactivated by the tortilla-making process.
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SLUSH EVAPORATION: A NEW METHOD FOR 
CONCENTRATION OF LIQUID FOODS

INTRODUCTION
PRESENT-DAY fruit juice concentration 
methods all suffer from drawbacks of one 
type or another. The products of high 
temperature evaporation systems tend to 
have poor taste and aroma characteristics. 
Freeze concentration processes suffer 
from juice loss due to entrainment with 
the ice mass. Reverse osmosis encounters 
problems of severe concentration polari
zation. The operating conditions and 
drying rates of freeze drying make it 
much more expensive than other ap
proaches. These various difficulties have 
stimulated research looking for new proc
esses which offer the promise of concen
trating juices at a reasonable cost, and 
with less loss of taste, aroma and nutritive 
value than present-day evaporative meth
ods.
Slush evaporation

Slush evaporation is a process which 
was proposed and initially examined by 
Chandrasekaran and King (1971, 1973). 
Its main features are that the feed juice is 
in a partly solid, partly liquid state, and 
that the drying mechanism is a combina
tion of vaporization and sublimation. Al
though the process was proposed as a 
fruit juice concentration method, it 
should have applicability to water re
moval from other liquid foods and non
food liquids.

The name “slush drying” was given to 
this approach originally; however “slush 
evaporation” is used in the present work 
to emphasize that the product is a con
centrated, rather than totally dry sub
stance. While it is anticipated that there 
are ways of taking the product from a 
slush process to full dryness, the greater 
immediate interest would seem to lie in 
its use as a concentration process.

The physical characteristics of slush 
evaporation are that the feed material is 
kept at a temperature where 2 0 —9 0 %  of 
the water present is frozen. In Figure 1, a 
phase diagram for apple juice is presented 
(Heiss and Schachinger, 1 9 5 1 ) .  As can be 
seen by application of the lever-rule mass 
balance, for a specific dissolved solid 
(sugar) concentration the percent ice 
present increases as the temperature de
creases. For example, at -5°C  the equi
librium concentration contains 31% dis
solved solids. If a feed juice with 1 4 %  
dissolved solids is equilibrated at —5°C, 
there will be ( 0 . 3 1 —0 . 1 4 ) / ( 0 . 3 1 )  =  5 5  wt

% ice present, or (0.55)/( 1 —0.14) = 64% 
of the water will be present as ice.

Slush evaporation should have an ad
vantage in aroma retention over air or 
vacuum drying from the liquid state be
cause of the beneficial effects of solute 
concentration and temperature. Under 
evaporation or drying conditions leading 
to substantial aroma retention, the loss of 
volatiles is governed by a diffusion mech
anism (Thijssen and Rulkens, 1968; 
Chandrasekaran and King, 1972b). As has 
been found by these previous investiga
tors and others, aroma retentions increase 
markedly in most drying processes with 
increasing initial dissolved solids concen
tration. This is a result of diffusion coef
ficients for volatile solutes decreasing 
much more rapidly than those for water 
as the dissolved solids content increases. 
In slush evaporation, the separation of 
some of the water as ice leaves liquid con
centrate of higher dissolved solids con
tent. Evaporation from this liquid should 
then occur with improved volatiles reten
tion. Furthermore, any water removed by 
sublimation should not entail much vola
tiles loss. Volatile compounds can be 
expected to remain with the concentrate 
upon partial freezing, rather than being 
incorporated into the ice crystals, a

behavior which accounts for the high 
degree of volatiles retention which is 
found for freeze concentration. At the 
temperatures prevailing for slush evapora
tion diffusion within the concentrate 
should keep volatiles from accumulating 
ice crystal-concentrate interfaces, unless 
the solubility limit is passed for forma
tion of a volatiles-rich oil phase (Mas- 
saldi and King, 1974).

The low temperatures of slush evapor
ation should also help aroma retention, 
since diffusivities of volatile solutes de
crease more rapidly with decreasing tem
perature than does that of water (Chan
drasekaran and King, 1972a; Thijssen,
1971).

In comparison to freeze-drying, the 
benefit of slush evaporation is that the 
drying rates will be higher. Freeze-drying 
rates for fruit juices and other sugar- 
containing substances are low because of 
the need for holding very low frozen-zone 
temperatures to get adequate solidifica
tion during drying (Bellows and King, 
1972, 1973). At the much higher temper
atures of slush evaporation, the mass 
transfer driving forces are higher because 
of the much higher vapor pressure of 
water at the operating temperature, and 
hence the drying rates are much higher.

Fig. 1 - E q u i l ib r iu m  fre e z in g  d ia g ra m  fo r  ap p le  ju ic e  (a f te r  H eiss a n d  
S chach inger, 1951).
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TO REFRIGERATOR

[ VARIAC HEATER CONTROL 

EXPERIMENTAL APPARATUS

F ig . 2 —D ry in g  ap para tus .

F ig . 3 —T y p ic a l ru n  c o n d it io n s .

Another advantage in comparison to 
freeze drying is the lower refrigeration 
cost involved in maintaining what can be 
a higher condenser temperature.

In comparison to freeze concentration, 
slush evaporation has similarly beneficial 
low operating temperatures and is not 
subject to loss of viscous concentrate en
trained with the ice during a solid-liquid 
phase separation.

Objectives
This study was split into two parts. 

The first section examined the aroma re
tention of slush evaporation quantita

tively for apple juice under varying con
ditions of sample temperature, drying 
rate, mode of drying (overhead radiant 
heating or bottom conductive heating), 
sample thickness, initial concentration, 
amount of water removed and presence 
or absence of foam. The amount of reten
tion should give a good indication of the 
product quality. The second part was a 
study of the amount of dissolved solids 
(sugar) loss due to spattering, entrainment 
or other causes during slush evaporation 
of sugar solutions. The results show the 
order of magnitude to be expected for 
such losses in larger-scale apparatus and

show the directional effects of different 
operating variables. Dissolved solids loss is 
of critical economic importance for con
centration of fruit juices because of the 
high ratio of product value to processing 
cost.

EXPERIMENTAL

A p p a r a tu s

T h e  a p p a r a t u s  e m p lo y e d  is  s h o w n  in  F ig u r e
2 . I t  w a s  id e n t i c a l  in  m o s t  r e s p e c t s  t o  t h a t  d e 
s c r ib e d  b y  B e l lo w s  a n d  K in g  ( 1 9 7 3 )  a n d  b y  
C h a n d r a s e k a r a n  a n d  K in g  ( 1 9 7 2 b ) .  T h e  v a c u 
u m - e v a p o r a t io n  c h a m b e r  w a s  a  c y l in d r ic a l  s te e l  
v e ss e l 2 0  in .  in  d i a m e te r  a n d  2 0  in .  lo n g .  A  9 x  
1 3  in .  f l a t - f a c e d  in t e r n a l  c o n d e n s e r  w a s  c o n 
n e c t e d  to  a n  e x t e r n a l  r e f r i g e r a t o r  c a p a b le  o f  
s u p p ly in g  r e f r i g e r a n t  t o  t h e  t u b e s  in s id e  t h e  
c o n d e n s e r  a t  - 2 5 ° C .  T h e  r e f r i g e r a n t  f lo w  r a t e ,  
a n d  h e n c e  t h e  c o n d e n s e r  t e m p e r a t u r e ,  w a s  c o n 
t r o l l e d  b y  c o n n e c t in g  a  v a r ia b le  t r a n s f o r m e r  to  
th e  p u m p .  T w o  h e a t e r s  w e re  u s e d  a t  d i f f e r e n t  
t im e s .  A  1 1 5 0 w  a d ju s t a b l e  e l e c t r i c a l  r e s is ta n c e  
h e a t e r  ( s h o w n  in  F ig .  2 )  p r o v id e d  o v e r h e a d  
r a d i a n t  h e a t ,  w h ile  b o t t o m  c o n d u c t iv e  h e a t  w a s  
a c h ie v e d  t h r o u g h  a n  a d ju s t a b l e  5 5 w  c i r c u la r  
h e a t e r  ( n o t  s h o w n )  p la c e d  i m m e d ia t e ly  b e lo w  
t h e  s a m p le  h o ld e r .  S a m p le  w e ig h t  w a s  m e a s u r e d  
b y  a  M e t t l e r  M o d e l  N o . P I 2 0 0  b a la n c e  o b 
s e rv e d  t h r o u g h  a  s id e  v ie w in g  p o r t .  S a m p le  a n d  
c o n d e n s e r  t e m p e r a t u r e s  w e re  m e a s u r e d  b y  tw o  
C h r o m e l  P - C o n s t a n t a n  th e r m o c o u p l e s  c o n n e c t 
e d  to  a  t w o - c h a n n e l  r e c o r d e r .  T h e  e x h a u s t  
l in e  c o n s i s te d  o f  a  c o ld  t r a p  f o l lo w e d  b y  a  M an - 
o s t a t  C o r p .  m e r c u r y  m a n o s t a t  w h ic h  w a s  u s e d  
to  c o n t r o l  t h e  p r e s s u r e  in  a  r a n g e  ( 1 - 3  m m  H g ) 
s u c h  t h a t  t h e  c o n d e n s e r  t e m p e r a t u r e  c o u ld  
e f f e c t iv e ly  c o n t r o l  t h e  s a m p le  t e m p e r a t u r e .  R e 
m o v a l  o f  i n e r t s  w a s  a c c o m p l i s h e d  b y  m e a n s  o f  a  
M o d e l  1 4 0 2  W e lc h  D u o s e a l  v a c u u m  p u m p .  A  
H a s t in g s  S P -1 S  th e r m o c o u p l e  v a c u u m  g a u g e  
w a s  u s e d  to  m e a s u r e  t h e  c h a m b e r  p r e s s u re .  

G e n e r a l  p r o c e d u r e

A  5 0  m l s a m p le  p r e c h i l l e d  t o  a b o u t  7 ° C  w a s  
p o u r e d  i n t o  a  9 .6  c m  d i a m e te r  p e t r i  d i s h ,  a n d  a  
t h e r m o c o u p l e  w a s  s u s p e n d e d  in  t h e  c e n t e r  h a l f 
w a y  f r o m  th e  b o t t o m  o f  t h e  s a m p le .  T h e  w a ll  
h e ig h t s  o f  t h e  p e t r i  d is h e s  w e re  1 .2  a n d  4 .7  c m  
f o r  t h e  a r o m a  r e t e n t i o n  a n d  d is s o lv e d  s o l id s  lo s s  
e x p e r im e n t s ,  r e s p e c t iv e ly .  T h e  s a m p le  w a s  
c o v e r e d  a n d  c h i l l e d  t o  a r o u n d  — 1 5 ° C  in  t h e  
f r e e z in g  c o m p a r t m e n t  o f  a  h o u s e h o l d  r e f r ig e r a 
t o r ,  f o r m in g  t h e  s lu s h .  T h e  c o n t e n t s  w e re  
m ix e d  t o  e n s u r e  u n i f o r m i ty .  T h e  s a m p le  w a s  
t h e n  u n c o v e r e d ,  p la c e d  in  t h e  d r y in g  c h a m b e r ,  
a n d  a l lo w e d  t o  m e l t  p a r t i a l l y .  T h e  v a c u u m  a n d  
c o n d e n s e r  r e f r i g e r a n t  p u m p s  w e re  t h e n  s t a r t e d ,  
w i th  t h e  m a n o s t a t  v a lv e  f u l l y  o p e n e d .  A f te r  3 
m in  t h e  c h a m b e r  p r e s s u r e  h a d  d r o p p e d  s u f f i 
c i e n t ly  t o  a l lo w  t h e  h e a t e r  t o  b e  t u r n e d  o n  a n d  
t h e  m a n o s t a t  v a lv e  t o  b e  p a r t i a l l y  c lo s e d .  T h e  
b a la n c e  o f  t h e  r u n  w a s  s p e n t  o b s e r v in g  th e  
w e ig h t  lo s s e s  a t  v a r io u s  t im e s  a n d  a d ju s t in g  th e  
r e f r i g e r a n t  f lo w  t o  a c h ie v e  t h e  d e s i r e d  c o n s t a n t  
s a m p le  t e m p e r a t u r e .  A f t e r  a  p r e d e t e r m i n e d  lo s s  
o f  w e ig h t  f r o m  t h e  s a m p le ,  t h e  r u n  w a s  t e r m i n 
a t e d .

I t  s h o u ld  b e  n o t e d  t h a t ,  a l t h o u g h  t h e  d ry in g  
r a t e  is  d e p e n d e n t  u p o n  t h e  h e a t e r  o u t p u t ,  t h e  
s a m p le  t e m p e r a t u r e  w a s  c o n t r o l l e d  b y  t h e  c o n 
d e n s e r  t e m p e r a t u r e .  F ig u r e  3 s h o w s  ty p ic a l  
t e m p e r a t u r e - t i m e  c u rv e s  f o r  t h e  s a m p le  a n d  
c o n d e n s e r  t e m p e r a t u r e s ,  a lo n g  w i th  a  c o r r e s 
p o n d in g  r e s u l t a n t  p l o t  o f  t h e  s a m p le  w e ig h t  lo ss  
v s . e la p s e d  t im e .  F r o m  th is  f ig u r e  i t  m a y  b e
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Fig . 5 —E ffe c t  o f  in i t ia l  d is s o lv e d  s o lid s  c o n te n t  o f  a p p le  ju ic e  u p o n  
v o la tile s  re te n t io n  d u r in g  s lush e v a p o ra tio n ; 68%  o f  w a te r fro z e n  as ice  
in  a l l  cases.

s e e n  t h a t  t h e  d r y in g  r a t e  d o e s  n o t  b e c o m e  c o n 
s t a n t  u n t i l  t h e  s a m p le  t e m p e r a t u r e  h a s  r is e n  a n d  
t h e  c o n d e n s e r  t e m p e r a t u r e  h a s  d r o p p e d  s u c h  
t h a t  t h e i r  d i f f e r e n c e  r e p r e s e n t s  a  m a s s  t r a n s f e r  
d r iv in g  f o r c e  la rg e  e n o u g h  f o r  e v a p o r a t io n  a t  
t h e  d e s i r e d  r a te .  I n  t h e  c a s e  s h o w n ,  th i s  p o i n t  
o c c u r s  a b o u t  1 5  m in  i n t o  t h e  r u n .

RESULTS & DISCUSSION

Aroma retention
Apparatus and procedure. Except for 

the experiments examining the effect of 
concentration, Safeway Townhouse nat
ural-strength apple juice, purchased lo
cally, was used. For more concentrated 
solutions Tree Top, Inc. (Selah, Wash.) 
concentrated apple juice, also purchased 
locally, was diluted as required.

After the completion of a run, the 
sample was covered and allowed to melt 
completely. It was then transferred into a 
250 ml Erlenmeyer flask, from which an 
aliquot was analyzed for dissolved solids 
concentration with a Technical Instru
ment Co. Model 94105 refractometer. 
Following common practice, the calibra
tion of wt % dissolved solids for sucrose 
solutions was used. After dilution of the 
juice back to the original juice concentra
tion, as monitored by the refractometer, 
the flask was covered with aluminum foil. 
Care was taken to make sure that the 
only opportunity for appreciable aroma 
loss occurred during the evaporation step.

A 50-ml sample of the same juice as 
the test sample was pcured into another 
flask and covered; then both flasks were 
allowed to equilibrate at room tempera
ture. Vapor head-space analysis with a 
Varian Aerograph No. 1740 gas chromat
ograph, equipped with a flame ionization 
detector, was used to measure the aroma

retention. The column was 25 ft x 1/8 in. 
i.d., packed with 100-120 mesh Chromo- 
sorb G, impregnated with 1% methyl sili
cone oil SF-96(50) plus 0.05% Igepal. 
The column temperature was kept at 
100°C, with the injector and detector 
temperatures at 125°C. The carrier gas 
was pure helium; for the detector flame 
purified hydrogen and breathing quality 
compressed air were used. 5-ml samples 
of the vapor space above the apple juice 
were injected into the chromatograph. A 
typical chromatogram is presented in Fig
ure 4. The labelled peaks in Figure 4 were 
determined to contain the particular com
ponent indicated by means of comparison 
with pure-component residence times and 
by comparison of the chromatogram with 
those from a previous study (Chandrase- 
karan and King, 1971) using similar con
ditions with apple juice. The attenuation 
of the chromatograph was adjusted after 
the ethanol peak to achieve better resolu
tion.

The degree of aroma retention was 
determined by measuring the areas under 
the three peaks labelled in Figure 4 from 
the chromatograms of both the concen
trated and re-diluted sample and the un
treated sample. For ethanol the peak area 
was referred to the original zero base line. 
Since the attenuation change caused some 
baseline change, the areas of the other 
peaks were referred to the final baseline. 
Peak areas of the processed juice were 
divided by the respective areas of the un
treated sample, and an average of the ra
tios was taken. This result was taken as 
the degree of aroma retention. A linear 
relationship between volatile retention 
and peak area was postulated on the basis 
of experimental confirmation of linearity

for head-space analyses of other volatile 
compounds in water and sugar solutions 
(Massaldi and King, 1973; Chandrase- 
karan and King, 1972a). Retentions did 
not vary greatly between the three peaks, 
although ethanol did tend to be some
what higher than the average and ethyl-2- 
methyl butyrate somewhat lower (Lowe,
1973).

Base case. A standard'run was set up 
to which changes in all variables were 
compared. Sample volume: 50 ml; Sam
ple make-up: Natural-strength apple juice 
(14 wt % dissolved solids concentration); 
Mode of drying: Overhead radiant heat
ing, without bottom heating; Sample tem
perature: —6.5°C; Degree of frozenness 
(defined as % of total initial water in the 
form of ice at the sample temperature): 
6 8%; Sample weight loss: lOg; Drying 
rate: 0.195 lb/hr ft2, (2.65 x 10‘5 g/sec 
cm2).

The variation of some of the run con
ditions showed either little or no effect 
on the degree of aroma retention. In this 
category fell the effects of changing the 
drying rate, sample thickness and the 
mode of heat supply. Retentions of 
39—48% were found for overhead heating 
at drying rates of 0.1-0.3 lb/hr ft2, and 
retentions of 27—45% were found for 
bottom heating at drying rates of 0.2—0.6 
lb /h r ft2. Retentions ranged from 
35-47% for slush bed thicknesses of 
0.2—0.7 cm (Lowe, 1973).

Effect of initial dissolved solids con
centration. The results of this set of ex
perimental runs are shown in Figure 5. 
For these runs the % of water as ice 
(68%) was held constant by changing the 
sample temperature. These results con-
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Fig . 6 —E ffe c t  o f  sam p le  te m p e ra tu re  o n  v o la t ile s  re te n t io n  d u r in g  s lush  
e va p o ra tio n  o f  a p p le  ju ic e  (14%  in i t ia l  d is s o lv e d  so lids ).

FINAL DISSOLVED SOLIDS CONCENTRATION , wt %

Fig . 7 — V o la t ile  a ro m a  re te n t io n  d u r in g  s lush  e v a p o ra tio n  o f  a p p le  ju ic e ,  

as a fu n c t io n  o f  th e  a m o u n t o f  w a te r re m o v e d  (1 4  w t  % in i t ia l  d isso lve d  
so lid s ).

firm the findings of Chandrasekaran and 
King (1971); the aroma retention for a 
given amount of water removal (lOg from 
50 ml) improves markedly with higher 
initial dissolved solids concentrations. 
This behavior probably reflects the lower 
ratio of volatile solute diffusivity to water 
diffusivity at higher dissolved solids con
tents, as well as higher viscosities, which 
deter fluid motion within the slush. There 
may also be some direct effect of the 
temperature change required to hold the 
% water as ice constant, although the 
range of temperatures was not great 
(—6.5 to —12.5°C).

Effect of sample temperature. Figure 6 
shows that the aroma retention improves 
as the temperature of the slush during 
evaporation decreases, and hence as the % 
of the water present as ice increases, since 
these two variables are interdependent. 
The improvement in retention is probably 
principally an effect of the higher % 
water frozen, since at lower temperatures 
the liquid portion of the slush has a 
higher dissolved solids concentration, 
which has been seen to give higher reten
tion values.

Effect of presence or absence of foam.
In the slush evaporation experiments of 
Chandrasekaran and King (1971), they 
observed the appearance of a stable, 
coarse foam over the slush bed. The 
amount and durability of this foam were 
found to increase with increasing dis
solved solids concentration. So as to sepa
rate the effect of the foam upon volatiles 
retention from the other effects of higher 
initial dissolved solids contents, experi
ments with and without the foam were 
carried out in the present work. The foam 
was created by subcooling the juice to be
low —30°C and maintaining it at this tem

perature until the vacuum had taken 
effect; otherwise the foam did not form. 
The tendency to foam is favored by 
higher dissolved solids concentration and 
by lower slush temperature, suggesting 
that the appearance of the foam is pro
moted by higher viscosity of the juice.

Several pairs of runs with randomly 
selected conditions were conducted to 
test the effect of the foam on the drying 
rate and on the aroma retention. A pair 
of runs consisted of one sample evapor
ated with the foam present and one sam
ple evaporated under the same conditions 
but without foam. The results of five 
foam-foamless sets of runs showed that 
the aroma retention was not significantly 
affected by the presence of foam and that 
the drying rate was reduced by 0—15% 
when foam was present.

Effect of amount of water removed. 
One of the most interesting findings of 
this work is given in Figure 7, which 
shows the amount of aroma retention for 
samples evaporated from an initial 14 wt 
% dissolved solids to different final dis
solved solids concentrations. All runs 
were carried out at a constant tempera
ture of —6.5°C. For this temperature the 
concentrate in equilibrium with ice con
tains about 35% dissolved solids (Fig. 1); 
hence all ice disappeared when overall 
concentrations well above that level were 
achieved. It is apparent that after a cer
tain degree of concentration further aro
ma loss is minimal. There is however, 
some scatter in individual component re
tentions comprising the averages plotted 
(Lowe, 1973), so it should not be con
cluded that there is no additional loss at 
all beyond a concentration of 25% dis
solved solids.

A possible explanation of the greatly

reduced volatiles loss beyond an overall 
concentration of 25% lies in the genera
tion of a slush that is nonhomogeneous 
on the macroscale during evaporation. 
Visual observation supports this proposal. 
Examination of the slush after the runs 
were ended showed that there was a 1 or 
2 mm layer of material at the top which 
was higher in viscosity than the rest of 
the slush. This material therefore prob
ably has a higher sugar content, resulting 
from preferential evaporation at the top 
of the slush and a lack of fluid mixing 
within the slush. With evaporation from 
this layer rich in dissolved solids, the in
cremental loss of volatile solutes would 
then be characteristic of the higher dis
solved solids content of that layer (see 
Fig. 5), and could therefore lead to the 
shape of the curve shown in Figure 7.
Loss of dissolved solids

Apparatus and procedure. Because of 
restrictions imposed by the analytical 
method, the dissolved solids loss experi
ments were conducted using solutions 
modelling apple juice and orange juice in
stead of the natural juices. These model 
solutions consisted of sugars (sucrose, 
fructose and glucose) in the same percent 
and the same proportions as in the nat
ural juices.

The preparation and concentration of 
the sample were identical to the proce
dures outlined for the aroma retention 
experiments, except that the sample 
weight was measured with the Mettler 
balance prior to freezing. This was done 
to avoid any problems resulting from 
evaporation prior to the start of the run. 
After the end of the run, the final weight 
was noted, and distilled water was added 
to the sample in a precisely controlled 
amount until the original weight reading
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Fig . 8 —E ffe c t  o f  d r y in g  ra te  u p o n  th e  loss o f  d is s o lv e d  s o lid s  d u r in g  F ig . 9 —E ffe c t  o f  a m o u n t  o f  w a te r re m o v e d  u p o n  th e  loss o f  d is s o lv e d

slush e v a p o ra tio n  o f  65%  fru c to s e -2 0 %  g lu c o s e -15% sucrose s o lu t io n . s o lid s  d u r in g  s lush  e v a p o ra tio n  o f  65%  fru c to s e -2 0 %  g lu co se -1 5%  su 

crose  s o lu t io n .

was realized on the Mettler balance. The 
sample was then covered and allowed to 
equilibrate to room temperature. An un
treated sample was also covered and 
allowed to equilibrate to room tempera
ture.

The amount of dissolved solids loss 
was determined by measuring the differ
ence in refractive index between the proc
essed and untreated samples. This was 
done with a calibrated Carl Zeiss (Jena, 
East Germany) Model G-l laboratory dif
ferential interferometer with 2 cm cells. 
This instrument gave readings accurate to 
± 0.005 wt % for concentration differences 
of 0.85% or less. The concentration dif
ference gives the loss of dissolved solids 
due to entrainment or spattering:

% loss = (100) (d)/(w)

where d = wt % concentration difference 
and w = initial wt % dissolved solids.

Base case. As in the aroma retention 
experiment, a standard run served as the 
base case. Sample volume: 50 ml; Sample 
make-up: Model Apple Juice (65 wt % 
fructose, 20% glucose, 15% sucrose), 14 
wt % in water; Sample temperature: 
—5°C; Degree of frozenness: 66%; Sample 
weight loss: lOg; Drying rate: 0.32 lb/hr 
ft2 (4.3 x 10'5g/sec cm2).

Effect of drying rate. Figure 8 shows 
the influence of the rate of evaporation 
upon dissolved solids loss for the removal 
of lOg of water from 50 ml of solution.

At higher rates visual observation of the 
slush shows a greater amount of bubbling 
and spattering which is probably the 
cause of the greater loss of dissolved 
solids. Although the losses encountered 
are not great, an improved apparatus de
sign could probably reduce the amount of 
loss for higher evaporation rates.

Effect of amount of water removed. 
Figure 9 shows losses observed for re

moval of 10, 20, 30 and 40g of water 
from the sample, at the base case drying 
rate, and a constant temperature of —5°C. 
All ice disappears before the highest con
centration (70 wt%) is reached. The re
sults show a relatively even rate of loss as 
more water is removed.

Effect of sample temperature. The 
effect of different slush temperatures is 
shown in Figure 10. The tendency toward

Fig. 1 0 —E ffe c t  o f  sp e c im en  te m p e ra tu re  u p o n  th e  loss o f  d is s o lv e d  

s o lid s  d u r in g  s lush  e v a p o ra tio n  o f  65%  fru c to s e -2 0 %  g lu c o s e -1 5%  s u 
crose s o lu t io n .
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increased solids losses at lower tempera
tures can partly be explained by noting 
that, as the temperature decreases, the 
concentration of the liquid portion of the 
slush rises. For a given volumetric amount 
of spattering, the amount of solids losses 
will increase with increasing dissolved 
solids concentration of the liquid. This 
effect, with a fixed volume of spattered 
liquid, does not predict as large a rise in 
loss at lower temperatures as was ob
served.

Freeze-drying gives low losses if fines 
are properly handled, but above the col
lapse temperature for freeze-drying (Bel
lows and King, 1972, 1973) large losses 
are often encountered through entrain
ment and spattering. Apparently the 
losses must peak somewhere between the 
lower temperatures of this study and the 
freeze-drying collapse temperature.

Effect of mode of heat input. The
most pronounced effect on the solids re
tention was produced by the change in 
heat input from overhead radiant to bot
tom conductive heating. At identical run 
conditions (including the drying rate) de
hydration using bottom, conductive heat 
produced solids losses 15—27 times 
higher than those found for overhead 
radiant heating. This is probably due to 
the observed creation of a boiling mech
anism with bottom heating, with con
sequent evolution of large bubbles 
through the slush surface.

Effect of initial dissolved solids con
centration. Table 1 shows the results 
from two identical runs performed using 
30% model apple juice at the same tem
perature, —5°C, as was used in the stand
ard run, with lOg water removed from a 
50-ml sample.

Effect of sugar make-up. A model 
orange juice (50 wt % sucrose, 24% glu
cose, 26% fructose) was compared with 
the model apple juice at 14 wt % initial 
dissolved solids content. The sample tem
perature was —5°C in each case, giving 
66% and 72% of the water as ice for the 
apple juice model and the orange juice 
model, respectively. The losses for re
moval of lOg of water from 50 ml were 
0.143 and 0.160% for the apple juice 
model and 0.215 and 0.210% for the 
orange juice model.

Effect of pectin. The effect of adding 
0.5 wt % soluble citrus pectin to the 
model apple juice was tested. Experi
mental results show that greater solids

Table 1—Effect o f in itia l dissolved solids 
content upon loss of dissolved solids

In itia l Cone
(w t %) Solids loss, %

14 0.143, 0.160
30 0.660, 0.692

losses result from the addition of pectin, 
giving 0.285% and 0.410% losses for the 
runs with pectin compared to 0.143% and 
0.160% for those without pectin.

CONCLUSION

FROM THE AROMA retention data 
gathered in this work it appears that slush 
evaporation is a promising concentration 
process. Even after concentration to 70% 
dissolved solids, aroma retentions of over 
40% are obtainable. Retentions of this 
amount are known to be well above ac
ceptable consumer standards. Another 
favorable aspect of the findings is that the 
retentions were fairly well balanced from 
component to component.

From the aroma retention experiments 
it was found that the aroma losses de
creased with lower temperatures, while 
from the dissolved solids loss results :t 
was found that the solids loss increased 
with decreasing temperature. Apparently, 
if slush evaporation is to be used commer
cially an optimal temperature balancing 
these effects must be found.

An important question is whether an 
economically high enough drying rate can 
be achieved for slush evaporation, which 
will at the same time produce economi
cally low dissolved solids losses. The dry
ing rates obtained in the solids retention 
section of this work ranged from 0.2—3.2 
lb/hr ft2, and are substantially higher 
than those of freeze drying, which usually 
range from 0.05—0.2 lb/hr ft2. Even 
higher slush evaporation drying rates may 
be obtained with improved methods of 
control (i.e., a larger condenser) and/or 
lack of concern over constancy of slush 
temperature.

The impact of the cost of solids losses 
depends upon the value of the product, 
and upon the cost of processing. The 
processing cost for high-temperature, 
short-time (HTST) evaporation of citrus 
juice without essence recovery is about 54 
per lb of product (Oetjen, 1967). If slush

evaporation is to be a viable concentra
tion system, then the processing costs 
must be comparable to those for proc
esses which produce juices of compara
ble quality (freeze concentration, HTST 
evaporation with essence recovery). The 
processing costs for these processes are 
higher than those for HTST evaporation 
without essence recovery. Depending 
upon the drying rate and the amount of 
water removal, the solids loss in this work 
with radiant heating ranged from 0.1 — 
0.9%, which represents a potential loss 
of from 0.04<t to 0.35« per lb of prod
uct, if the product value is 44<t/lb. When 
compared to the likely processing costs, 
these figures appear promising.
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EFFECTS OF pH ON QUALITY OF STORED TOMATO JUICE

INTRODUCTION
R E C E N T  N EW  D E V E L O P M E N T S  in 
to m a to  p ro cess in g  a p p e a r  to  b e  re v o lu 
t io n iz in g  th e  tra d i t io n a l  p ro d u c t  in d u s try . 
T h e  b u lk  s to ra g e  c o n c e p t  invo lves a se p tic  
s to rag e  o f  to m a to e s  o r  p ro d u c ts  in  large 
ta n k s  ( 1 ,0 0 0 - 1 0 0 ,0 0 0  gal e a c h )  fo r  la te r  
p ro cess in g . T h is  a f fo rd s  th e  o p p o r tu n i ty  
to  e x te n d  th e  to ta l  p ro c ess in g  seaso n , 
c o p e  w ith  large  sea so n a l su p p lies , a n d  re 
d u c e  c o n ta in e r  h a n d lin g  a n d  sto rag e . In  
su ch  a sy s te m  th e  m o re  a c id ic  a p ro d u c t,  
th e  m o re  eas ily  c o n tro l le d  is asepsis. T h e  
a c id -b rea k  te c h n iq u e  invo lves t r e a tm e n t  
o f  to m a to e s  w ith  acid  to  pH  2 .7 5  to  fac il
i ta te  m o re  c o m p le te  e x tr a c t io n  o f  u sab le  
to m a to  p ro d u c t  w i th  r e p o r te d  su b s e q u e n t 
in c re ases  in  p ro d u c t  c o n s is te n c y  (W agner 
an d  M iers, 1 9 6 7 ; M iers e t a l., 1 9 6 7 ; W ag
n e r e t a l., 1 9 6 8 ; a n d  M iers e t a l., 1 9 7 0 ). 
M ore re c e n tly  th e  ac id  b re a k  h as  b e en  
su g g ested  fo r  in c o rp o ra t io n  in to  a fie ld  
p ro cess in g  sy s te m  in  w h ic h  to m a to e s  a re  
c h o p p e d , e n z y m e s  in a c tiv a te d  a n d  ju ic e  
fin ish ed  b y  a p o r ta b le  u n i t  w h ic h  is l ite r 
a lly  o p e ra te d  in  th e  to m a to  fie ld s  
(S c h u ltz  e t a l., 1 9 7 1 ; M iers e t a l., 1 9 7 1 ). 
Ju ic e  w o u ld  th e n  b e  tr a n s p o r te d  to  a c e n 
tra l  p ro cess in g  p la n t fo r  fu r th e r  p ro c ess
ing.

T h e  e m e rg en c e  o f  o n e  o r  m o re  o f  
th ese  d e v e lo p m e n ts  se p a ra te ly  o r  in  c o m 
b in a tio n  as a c c e p te d  p ra c tic e s  in  th e  
to m a to  p ro cess in g  in d u s try  h as  s t im u 
la te d  c o n s id e ra b le  in te re s t  in  th e  e ffe c ts  
o f  p H  o n  q u a li ty  o f  s to re d  to m a to  p ro d 
u c ts . In  b u lk  s to ra g e , a c id if ic a tio n  o f  
to m a to  ju ic e  w o u ld  re d u c e  th e  re q u ire d  
h e a t  t r e a tm e n t  a n d  w o u ld  a id  in  p o te n tia l  
sp o ilag e  c o n tro l  d u rin g  s to rag e . A cid- 
b re a k  ju ic e  c o u ld  p o ss ib ly  b e  m a in ta in e d  
a t th e  lo w  p H  fo r  lo n g  p e r io d s  o f  t im e  to  
a id  in  t ra n s p o r t  o r  s to ra g e  o f  su c h  ju ic e . 
M iers e t  a l. (1 9 7 1 )  su g g ested  th a t  h o ld in g  
s ta b ili ty  o f  ju ic e  w o u ld  be  in c re a sed  if 
ju ic e  w as h e ld  a t th e  e x tr a c t io n  p H  2 .7 5 ; 
h o w ev er, n o n m ic ro b ia l q u a li ty  m ea su re 
m e n ts  w ere  n o t  in c lu d e d . T h e  fo llo w in g  
in v e s tig a tio n  w as in it ia te d  to  f u r th e r  eval
u a te  se le c te d  q u a li ty  a t t r ib u te s  o f  to m a to  
ju ic e  su b je c te d  to  p H  a lte ra t io n s  u n d e r  
c o n d it io n s  s im ila r to  th o se  w h ic h  m ig h t 
be e n c o u n te re d  in  b u lk  s to rag e .

EXPERIMENTAL
Sample preparation

T o m ato es (C am pbell 2 8 )  used for ju ice  were

Table 1—Effect of pH on consistency 
(efflux) and serum viscosity (Ostwald) of 
acidified and stored tomato juice. (Values 
are means of 24 observations)3

pH
Efflux
(sec)

Serum
viscosity

(sec)
4.3 62.3 147.8
4.0 66.2 145.5
3.5 54.5 143.3
3.0 46.8 142.1
2.5 42.5 144.5
2.0 41.8 146.2

a Means in the same column connected by 
the same line are not different at the 1% 
level of significance.

grown at a Purdue U niversity E xperim ental 
Farm  near L afay ette , In d . T hree rep lication s o f
3 0 0  lb raw fru it each w ere washed and chopped 
through a 0 .3 7 5  in. screen. Chopped fruit was 
heated im m ediately to  9 1 °C , a fter w hich ju ice  
was extracted  through a 0 .0 2 3  in. screen. Ju ice  
was then  heated  to 9 1 °C  and filled at th at tem 
perature in to  3 0 3  X 4 0 6  tom ato-enam eled  cans. 
Cans contained  su fficien t co n cen trated  hyd ro
ch loric acid to  give th e prod u ct a final pH o f  
4 .0 , 3 .5 , 3 .0 , 2 .5  and 2 .0 . C on tro ls were pre
pared w ith no acid added. Cans were sealed 
im m ed iately , inverted for 2 min and cooled  in 
w ater. Equal num bers o f  cans from  each treat
m ent w ere stored at am bien t tem perature 
( 1 8 - 2 2 ° C )  and at 4 0 °C  up to 3 m on th s. This 
segm ent o f  the w ork w as, th erefo re , designed as 
a 6 X 4 X 2 X 3  factorial experim en t. 

Evaluations
T h ree  cans o f  each treatm en t w ere equili

brated at room  tem perature for 24  hr. C ontents 
o f  the three cans were com bined  and m ixed 
un iform ly. C onsistency was then m easured by 
the e fflu x  m eth od  o f  Wagner and Miers ( 1 9 6 7 )  
in trip licate . A 5 0 0 -m l a liqu ot was neutralized 
to pH 4 .3  w ith 50%  sodium  hyd roxide so lution. 
All sam ples were again uniform ly stirred and 
consisten cy m easurem ents m ade.

Beginning at the first m onth o f  storage, 
serum viscosity  was also determ ined for all 
treatm en ts by  use o f  an Ostwald viscosim eter. 
N eutralized ju ice  was centrifuged at 9 7 5 0  X G 
for 15 m in. Serum  (sup ernatan t) was decanted 
and filtered  through W hatm an # 1  paper, after 
which a 5-m l aliquot was analyzed at 25° C. The 
tim e o f  serum flow  through the designated por
tion  o f  the viscosim eter was m easured in trip li
cate.

T h e  rem aining ju ice  was utilized for co lor 
d ifferen ce determ ination s on a H unter Color 
D ifference M eter standardized w ith ceram ic

plate # D  3 3 C -4 4 0  ( £  =  2 6 .6 , a L  =  2 8 .2 ,  ¿>L  =  
1 3 .7 ) .

Further consistency studies
T o  further evaluate pH e ffe c ts  on  consis

ten cy , aliquots (2 5 0  m l) o f  locally  purchased 
com m ercial canned to m ato  ju ice  w ere adjusted 
to various pH levels from  3 .0  to  5 .0  at 0 .2  in ter
vals. HC1 (3N ) and NaOH (3N ) w ere used for 
pH ad ju stm en t. NaCI was added as necessary to 
the sam e sam ples in order to  m ain tain  a consis
ten t ion ic strength as a result o f  each addition. 
All samples were uniform ly stirred and m ain
tained at the given pH for 4  hr, a fter which 
they w ere neutralized to pH 4 .3  and NaCI 
added as necessary. Sam ples were again uni
form ly stirred and evaluated for con sisten cy  by 
the previously described e fflu x  m eth od . D iffer
ences in liquid  volum es added to  all sam ples 
w ere equalized w ith distilled w ater. T h e  entire 
experim en t was rep licated  three tim es.

T o  observe the d irect e ffe c ts  o f  NaCI on 
consisten cy  o f  tom ato  ju ice , up to  7 .5%  NaCI 
was added to  aliquots o f  ju ic e . Ju ice  was uni
form ly stirred , equilibrated  for 4  hr, un iform ly  
stirred, and evaluated by the e fflu x  m eth od . 
Three rep lications w ere again used.

All data w ere statistically  evaluated by 
analysis o f  variance (L i, 1 9 5 7 ) .

RESULTS & DISCUSSION
W H EN  T O M A T O  JU IC E  w as a c id ifie d  to  
v a rio u s  p H  levels as lo w  as 2 .0 ,  sea led  in  
can s a n d  s to re d  fo r  as lo n g  as 3 m o n th s ,  
pH  h a d  a h ig h ly  s ig n ific a n t e f fe c t  o n  c o n 
s is te n cy  o f  th e  p ro d u c t  n e u tra liz e d  to  pH
4 .3  (T ab le  1). A s p H  d e c re a sed  b e lo w  4 .0 ,  
c o n s is te n c y  sh o w ed  a s ig n if ic a n t d e c lin e  
th ro u g h  p H  2 .0 . T h e re  w as a lso  an  in 
crease  in  c o n s is te n c y  w h e n  p H  w as a d 
ju s te d  to  4 .0  c o m p a re d  to  th a t  o f  u n 
tre a te d  ju ic e . E sse n tia lly  n o  d if fe re n c e s  
w ere  n o te d  b e tw e e n  c o n s is te n c ie s  o f  
ju ic e s  b e fo re  a n d  a f te r  n e u tra liz a t io n  to  
p H  4 .3 ;  th e re fo re ,  o n ly  re su lts  o f  n e u 
tra liz e d  ju ic e  a re  re p o r te d .  N e u tra liz e d  
ju ic e s  m a in ta in e d  th e  re la tiv e  p H  e f fe c ts  
o n  c o n s is te n c y  even  a f te r  2 4  h r  e q u il ib ra 
t io n , in d ic a tin g  an  irrev e rs ib le  p h e n o m 
en o n .

S e ru m  v isc o s ity , h o w e v e r , w as u n a f 
fe c te d  b y  th e  p H  t r e a tm e n ts  (T a b le  1), 
in d ic a tin g  th a t  h y d ro ly s is  o f  so lu b le  pec- 
tic  c o m p o n e n ts  b y  th e  lo w  p H  m ed ia  
w e re  n o t  re sp o n s ib le  fo r  th e  c h a n g e s  in  
co n s is ten c ie s . P re v io u s  w o rk  (B a r to lo m é ,
1 9 7 1 ) in d ic a te d  th a t  c o n s is te n c y  o f  t o 
m a to  p ro d u c ts  w as p o s itiv e ly  c o rre la te d  
w ith  se ru m  v isc o sitie s . S e ru m  v isco sitie s  
d id , h o w e v e r , d e c re a se  w ith  b o th  sto rag e  
t im e  an d  in c re a s in g  s to ra g e  te m p e ra tu re s

2 5 4 - J O U R N A L  O F  F O O D  S C I E N C E - V o l u m e  3 9  ( 1 9 7 4 )
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(T ab le  2 ). T h is in d ic a te d  p o ss ib le  h y d ro l
ysis o f  p e c tic  su b s ta n c e s  as a re su lt  o f  
th o se  v a riab les.

T o  fu r th e r  e v a lu a te  p o ss ib le  cau ses o f  
th e  ab o v e  c o n s is te n c y  c h an g es , th e  e f fe c ts  
o f  v a rio u s  levels o f  N aC l o n  c o m m e rc ia l 
ju ic e  c o n s is te n c y  w ere  s tu d ie d  (T ab le  3 ). 
T o  a d ju s t to m a to  ju ic e  to  p H  2 .0 , a b o u t  
1% c o n c e n tr a te d  HC1 w as a d d e d  in  th e  
o rig in a l e x p e r im e n t ab o v e . U p o n  n e u tra li
z a t io n  o f  th is  ju ic e  b a ck  to  p H  4 .3  w ith  
50%  N aO H , a b o u t  0 .7 %  N aC l w as g en 
e ra te d . A c co rd in g  to  T ab le  3 , even  th e  
a d d it io n  o f  1% N aC l to  to m a to  ju ic e  d id  
n o t  s ig n if ic a n tly  ch an g e  th e  c o n s is te n c y . 
Several a u th o rs  have  in d ic a te d  th a t  vis
c o s ity  o f  d i lu te  p e c tic  su b s ta n c e s  is d e 
c rea se d  b y  th e  a d d it io n  o f  N aC l (H iro ta , 
1 9 6 1 ; O w ens e t a l., 1 9 4 4 ; D eu el and  
S tu tz , 1 9 5 8 ). N aC l h as b e en  p o s tu la te d  to  
cause  a d e c re a se  in  c h arg e  o n  th e  p e c tin  
m o lecu le . T h is , in  tu rn ,  a llo w s fo rm a tio n  
o f  p a ra lle l d im e rs  a n d  tr im e rs  as w ell as 
in creases in  m o le c u la r  fo ld in g . H y d ro g e n  
b o n d in g  c o u ld  also  be  re d u c e d . W h itten - 
b e rg er a n d  N u ttin g  (1 9 5 7 , 1 9 5 8 )  d e m o n 
s tra te d  th e  ro le  o f  in so lu b le  so lid s  in  
to m a to  ju ic e  c o n s is te n c y , in d ic a tin g  th a t  
th e  cell w all su rfa ce s  a re  e le c tr ic a lly  
c h arg ed , h e lp in g  to  m a in ta in  w alls in  su s
p e n sio n . In  th e ir  w o rk  in v o lv ing  th e  a d d i
t io n  o f  0 .2%  N aC l a n d  C aC l2 to  w ash ed  
cell w all m a te ria l, th e  e le c tro ly te s  d a m p 
en ed  th e  ch arg es c o n s id e ra b ly  cau s in g  d e 
c reased  c o n s is te n c y . T h e  w h o le  to m a to  
ju ic e  u sed  in  th is  s tu d y  d id  n o t  d e m o n 
s t r a te  su c h  e ffe c ts .

F u r th e r  e v a lu a tio n  o f  p H  e f fe c ts  o n  
c o n s is te n c y  ch an g es w ere  m a d e  w h e n  
co m m e rc ia l ju ic e  w as a d ju s te d  t o  se lec te d  
p H  levels f ro m  5 .0  t o  3 .0  a n d  e v a lu a te d  
fo r  ch an g es. A gain  th e re  w as a s ig n ifican t 
pH  e ffe c t (T ab le  4 ) . S in ce  e le c tro ly te  
c o n c e n tra t io n  a n d  io n ic  s t re n g th  w ere  
k e p t c o n s ta n t ,  i t  is a p p a re n t  th a t  p H  
a lo n e  is th e  c au sa tiv e  fa c to r  o f  c o n sis
te n c y  d iffe re n ce s . T h e re  a p p e a re d  to  be  a 
c ritic a l reg io n  b e tw e e n  p H  4 .2  a n d  4 .6  a t 
w h ic h  c o n s is te n c y  w as h ig h es t a f te r  th e
4 -h r e x p o su re  t im e . T o m a to  ju ic e s  have  
b e en  c o n s id e re d  to  be  d i lu te d  so lu t io n s  o f  
p e c tic  su b s ta n c e s  (L u h  e t a l., 1 9 5 4 ), c o n 
ta in in g  less th a n  0 .2 5 %  p e c tin s  e x p re ssed  
as c a lc iu m  p e c ta te .  L u h  e t al. (1 9 5 4 )  also  
o b se rv ed  th a t  th e  m a jo r i ty  o f  th e  p e c tin s  
f ro m  to m a to e s  w ere  w a te r  so lu b le  and  
so m e w h a t e s te r if ie d . A c co rd in g  to  O w en s 
e t  al. (1 9 4 4 ) ,  th e  v isco sitie s  o f  d i lu te d  
p e c tic  so lu t io n s  in c re a sed  to  m a x im a  at 
a b o u t p H  6. B ak er (1 9 4 8 )  o b se rv ed  th a t  
h ig h ly  e s te r if ie d  p e c tin s  e x h ib ite d  sligh t 
d ecreases in  v isc o sity  a t p H  1 .5 - 3 .  In  th e  
re su lts  a b o v e , th e re  w as l i t t le  in d ic a tio n  
o f  in c re ased  v isc o sity  b e y o n d  p H  4 .3 .

H y d ro g e n  b o n d in g  a n d  o th e r  a sso c ia 
tio n s  a m o n g  p e c tin s , c e llu lo se s  a n d /o r  
o th e r  c o n s t itu e n ts  c o u ld  h av e  b e e n  
p e rm a n e n tly  d is ru p te d  as a re su lt  o f  th e  
a c id if ic a tio n . As pH  w as d e c re a sed , 
h y d ro g e n  io n  c o n c e n tra t io n  w as g re a tly

in c re ased . U n d e r  su c h  c o n d it io n s  p a r tia l  
neg ativ e  ch arg es  o n  m o le c u le s  c o u ld  have 
b e en  e s se n tia lly  n e u tra liz e d  o r  sa tis f ie d  
b y  th e  ex cess  h y d ro g e n  io n s  in s te a d  o f  b y  
h y d ro g e n  a to m s  o n  o th e r  m o lecu le s . T h is 
e sse n tia lly  c re a te s  a la c k  o f  in te rm o le c u -  
lar in te ra c t io n s ,  re d u c in g  a p p a re n t  o r  
fu n c tio n a l  m o le c u la r  sizes a n d , th e re fo re , 
re d u c in g  c o n s is ten c ie s . A t th e  sam e  tim e  
th e  n e u tra liz e d  m o le c u le s  c o u ld  ch an g e  
sh ap e  fro m  esse n tia lly  l in e a r to  sp h e rica l

Table 2—Effects of storage time and 
temperature on serum viscosity (Ostwald) of 
acidified tomato juice. (Values are means of 
18 observations)3

Time Temperature
(Months) Ambient 4 0° C

1 159.8 a 152.6  b
2 150.3 c 132.3 d
3 148.8 c 125.7  e

a Means fo llo w ed  by the same letter are not
d iffe ren t at the 1% level o f sign ificance.

Table 3—Effects of NaCl on consistency 
of tomato juice. (Values expressed are 
means of three replications)3

NaCladded Efflux
(%) (sec)

0 4 6 .5  a
0 .25 4 6 .3  a
0 .50 4 5 .2  ab
0 .7 5 46.1 a
1.00 4 5 .8  ab
1.25 4 4 .8  be
2 .5 0 4 4 .7  be
3 .75 4 3 .9  cd
5 .00 4 2 .8  de
7.50 4 2 .6  e

3 Means followed by the same letter are not 
different at the 1% level of significance.

as a re su lt  o f  th e  c h a rg e  a lte ra t io n s . T his 
c o u ld  in c re a se  th e  p o ss ib il ity  o f  th e  ir
rev ersib le  e f fe c ts  o b se rv e d  ab o v e .

Color
L ig h tn ess  (H u n te r  c o lo r  L )  o f  a c id ified  

to m a to  ju ic e  d e c re a sed  w ith  p H  a f te r  3 .0  
(T ab le  5 ). In  a d d it io n  th e re  w as d a rk e n 
ing w ith  t im e  a t th e  4 0 ° C  s to rag e  te m p e r 
a tu re  (T a b le  6 ) . H u n te r  c o lo r  a l  d e 
c reased  s ig n if ic a n tly  w ith  p H  a f te r  th e  pH

Table 4—Effects of pH adjustment and 
ionic compensation with NaCl on consis
tency (efflux) of tomato juice neutralized to 
pH 4.3a

Efflux
pH (sec)

3.0 4 1 .0  f
3.2 4 1 .4  ef
3.4 4 1 .6  def
3.6 42.1 def
3.8 4 2 .7  def
4 .0 4 3 .8  ced
4.2 4 4 .2  be
4 .4 4 9 .0  a
4 .6 4 6.7  b
4 .8 4 6 .4  b
5.0 46.1 be

a Means fo llo w ed  by the same letter are not
d iffe ren t at the 1% level o f sign ificance.

Table 5—Effects of pH on Hunter color 
L, aj_ and b|_ for acidified and stored toma
to juice3

pH L 3L bL
4.3 2 6 .2 0  a 2 4 .2 9  c 13.1 4  ab
4.0 2 6 .3 6  a 2 4 .6 3  a 13.27 a
3.5 2 6 .2 8  a 2 4 .4 5  b 13.2 2  ab
3.0 2 6 .0 4  a 2 4 .3 0  c 13.11 b
2.5 2 5 .5 3  b 2 4 .0 2  d 12.8 3  c
2 .0 2 4 .4 2  c 2 3 .3 9  c 12.3 6  d

3 Means in the same column followed by the 
same letter are not different at the 1% 
level of significance.

Table 6—Effects of storage time and temperature on Hunter color L, 
3l and bL for acidified tomato juice. (Values are means of 18 observa
tions)3

Time
(Months)

L 3L bL
Ambient 40e C Ambient 40° C Ambient 40° C

0 26.01 a 26.01 a 2 4 .5 8  s 2 4 .5 8  s 1 3.29  x 13.29 x
1 2 6 .0 0  a 2 5 .5 8  b 24 .14 u 2 3 .8 0  V 1 3 .0 2  y 1 2.78  z
2 2 6 .0 4  a 2 5 .5 5  b 2 4 .3 9  t 2 3 .6 8  w 1 3 .1 2  y 12.61 z
3 2 6 .0 5  a 2 5 .1 0  c 2 4 .7 0  r 2 3 .5 7  w 13.17 x y 1 2.64  z

3 Means within each color measurement followed by the same letter are 
not different at the 1% level of significance.
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4 .0  t r e a tm e n t ,  in d ic a tin g  a d ec rease  in 
re d n ess . T h e re  w as a s im ila r d ecrease  w ith  
s to ra g e  t im e  a t  4 0 ° C  u p  to  2 m o n th s , 
a f te r  w h ic h  th e re  was n o  ch an g e  (T ab le
6). C o lo r (y e llo w n e ss )  w as d ec reased  
b y  p H  t r e a tm e n ts  less th a n  3 .0  (T ab le  5). 
T h e re  w as a lso  a s ig n ific a n t d ec rease  in 
y e llo w n e ss  a f te r  1 m o n th  o f  s to rag e , an d  
th e  4 0 ° C  s to ra g e  t r e a tm e n t  y ie ld e d  lo w e r 
b L v a lu es th a n  d id  a m b ie n t s to ra g e . T he 
a /b  ra tio s  sh o w ed  n o  ch an g es s ince  b o th  
a l  a n d  b L v a lu es d e c re a sed  a t  a b o u t  th e  
sam e ra te . T h e  d e c re a sed  lig h tn e ss  co u ld  
have  b e e n  cau sed  by  a ty p e  o f  b ro w n in g  
re a c tio n . D u e  to  th e  p re sen c e  o f  re d u c in g  
sugars, p ro te in s  an d  a m in o  acids, Mail- 
la rd - ty p e  re a c tio n s  c o u ld  hav e  o c c u rre d . 
H ow ever, su c h  re a c tio n s  d ec rease  in  ra te  
w ith  d ec reased  p H  (M ey er, 1 9 6 0 ). Car- 
m e liz a tio n  is e n h a n c e d  b y  d ec reased  p H ; 
h o w e v e r, th e  p ro d u c t  w as h e a te d  fo r  o n ly  
a re la tiv e ly  s h o r t  tim e . A sco rb ic  acid  is 
k n o w n  to  cau se  b ro w n in g  b y  d e c o m p o s 
ing  to  fu r fu ra l ,  w h ic h  th e n  p o ly m e rize s  
(B ra v erm an , 1 9 6 3 ). T h e  lo w e r th e  pH , 
th e  m o re  re ad ily  th is  re a c tio n  can  o c cu r. 
T h e  c a ro te n o id s ,  /3-carotene an d  ly c o p e n e  
c o u ld  have  d e c o m p o se d  to  cau se  ch an g es 
in  re d n ess  a n d  y e llo w n ess .

O verall, th e  s to ra g e  o f  to m a to  ju ic e  fo r  
p e r io d s  o f  t im e  o f  1 m o n th  o r  m o re  a t 
re d u c e d  p H  levels re su lte d  in  irrev e rs ib ly

d ecreased  c o n s is te n c y  ev en  w h e n  p H  w as 
re a d ju s te d  to  4 .3 . I t  w as a p p a re n t  th a t  
th is  e ffe c t  w as cau sed  b y  p H  ch an g es 
a lo n e  ra th e r  th a n  N aC l o r  e le c tro ly te  a d 
d itio n . T h e re  w ere  a lso  o b se rv ed  to  b e  
p o ss ib le  d e tr im e n ta l  c o lo r  ch an g es w ith  
d ec reased  p H , e sp ec ia lly  b e lo w  3 .0 . F u r 
th e r  w o rk  is in  p ro g ress  to  m o re  sp ec if i
cally  id e n t i fy  th e  ch an g es an d  th e ir  
causes.
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pH AND ACIDIC STABILITY DURING STORAGE OF ACIDIFIED 
AND NONACIDIFIED CANNED TOMATOES

INTRODUCTION
H IG H  T O M A T O  p H  values hav e  b e en  
n o te d  in  su rv ey s  o f  severa l v a rie tie s  ( F a r 
ro w , 1 9 6 3 ) a n d  h av e  b e en  a sso c ia ted  w ith  
a g re a te r  in c id e n ce  o f  p ack  fa ilu res  (L o p e z  
e t  a l ,  196 8 ).

R ice  a n d  P e d e rso n  (1 9 5 4 )  fo u n d  th a t  
f la t-so u r  sp o ilag e  o f  c a n n e d  to m a to e s  by  
B a c il lu s  c o a g u lo n s  tak e s  p lace  a t  p H  val
ues g re a te r  th a n  4 .3 . W ith  h ig h e r  b a c te r ia l  
lo ad s  p ro d u c e d  b y  m ec h an ic a l h a rv es tin g , 
p H  v a lues lo w e r  th a n  4 .3  a re  d e s irab le  fo r  
in creas in g  th e  e ff ic ie n c y  o f  h e a t  p ro c ess
ing  a n d  fo r  in h ib i t in g  th e  g ro w th  o f  su r 
viving h e a t  r e s is ta n t  m ic ro o rg an ism s . A t 
p H  4 .6  o r  h ig h e r, g ro w th  a n d  to x in  p ro 
d u c tio n  b y  so m e  ty p e s  o f  C lo s t r id iu m  
b o t u l i n u m  m ay  o c cu r . U n d e r  sp ec ia l c ir
c u m s ta n ce s  g ro w th  an d  to x in  p ro d u c tio n  
m ay  ta k e  p lace  a t  lo w e r to m a to  pH  
(S lo c u m  e t a l ,  1 9 4 1 ).

T o  c o r re c t  fo r  c o n d it io n s  o f  h ig h  to - 
, m a to  p H  th e  U .S. F o o d  a n d  D ru g  A d m in 

is t ra t io n  a u th o r iz e d  th e  use  o f  c e r ta in

1 Present address: Dulany Foods Div,
United Foods, Inc, Exmore, VA 23350

o rg a n ic  ac id s as o p t io n a l  in g re d ie n ts  in  
th e  S ta n d a rd s  o f  Id e n ti ty  fo r  C an n ed  
T o m a to e s  (F e d . R eg is te r, 1 9 6 6 ). L o p ez  e t 
a l ,  (1 9 6 8 )  hav e  re c o m m e n d e d  th a t  p h o s 
p h o r ic  a c id  a lso  b e  in c lu d e d  as an  o p 
t io n a l  in g re d ie n t in  th e  S ta n d a rd s  o f  Id e n 
t i ty .  T h e  a d d it io n  o f  an  a c id  to  to m a to e s  
a d ju s ts  th e  p H  a n d  p ro v id es  a n  a d d itio n a l 
b e n e f i t  o f  in c re a se d  ac id  b u f fe r  w h ich  
g u a r d s  a g a in s t  s u b s e q u e n t  p H  rises. 
S c h o e n e m a n n  a n d  L o p ez  (1 9 7 3 )  re p o r te d  
th a t  c itr ic , m a lic , fu m a ric  a n d  p h o sp h o r ic  
acid s, in d iv id u a lly , m a in ta in e d  a  p H  d e
s ira b ly  re d u c e d  fo r  p re se rv a tiv e  q u a litie s  
w i th o u t  a c c e le ra tin g  p h y s ic a l o r  ch em ica l 
ch an g es d u rin g  p ro cess in g .

A p p ro x im a te ly  o n e - th ird  o f  to m a to  
a c id ic  c o n s t i tu e n ts  a re  sa lts  o f  p o ta s s iu m  
a n d  o th e r  c a tio n s  (D avies, 1 9 6 4 ). I t  has 
b e en  d e m o n s tr a te d  th a t  n e u tra l  sa lts , in 
c lu d in g  sa lts  o f  c a lc iu m , m ag n esiu m  an d  
so d iu m , a re  e ffe c tiv e  in  lo w e rin g  th e  p H  
o f  c a n n e d  t o m a t o e s .  H o w ev er, th e  
a m o u n t o f  acid  b u f fe r  d o es n o t  in c rease  
w i t h  a d d e d  n e u tra l  sa lts . T h e re fo re , 
a d d e d  ac id s m ay  b e  n e ce ssa ry  fo r  a ssu rin g  
s ta b le  p H  v a lu es o f  c a n n e d  to m a to e s  d u r
in g  s to ra g e  a f te r  p ro cess in g .

O b jec tiv es  o f  th is  s tu d y  w ere  to  ev a lu 
a te  p H  s ta b il i ty  o f  a c id ifie d  to m a to  p ack s 
d u rin g  s to ra g e  fo r  1 y r  a t  2 4 °  C, t o  a sso c i
a te  p H  s ta b il i ty  w ith  to m a to  c o m p o s it io n  
a n d  to  d e te rm in e  th e  v a r ia b ili ty  o f  pH  
w ith in  th e  c a n n e d  p ro d u c t  cau sed  b y  
to m a to  cell w a lls a n d  o th e r  s t ru c tu ra l  
m a tte r .

EXPERIMENTAL
T A B L E T S  contain ing  acid and several salts pre
viously described by Lopez e t  al. ( 1 9 6 8 ) ,  and 
5 %  phosphoric acid  so lu tion  were used for acid
ifica tio n  o f  the packs investigated in this study. 
Salt tab lets w ere com posed  o f  calcium  and sodi
um chlorides. Acid tablets were com posed o f  
calcium  su lfate, o th er substances necessary for 
tab let form ing and fo r dispersion o f  com p on 
en ts, and o f  eith er c itr ic , fum aric, or m alic acid. 
Sam ples acidified  w ith phosp horic acid also 
contain ed  added salt tab lets. Only th e tom atoes 
packed in C alifornia had sucrose added.

T om ato es w ere packed in the V P I& SU  pilot 
p lan t, and in com m ercial plants in M aryland, 
Indiana and C aliforn ia. All varieties packed in 
the pilot p lant w ere o f  canning red ripeness. 
# 3 0 3  x  4 0 6  F-enam eled  cans were used and 
heat processed for 4 5  m in in a boiling w ater 
bath  at 9 9 °  C, as recom m ended fo r w hole tom a-

Table 1 —Initial pH values and changes in pH of acidified and nonacidified canned tomatoes after storage for 1 yr at 
24° C

Variety

Roma3 H1350b H1370c H1350a VF-145-7879d Rutgers3

Additive Initial pH and pH change

N o th ing  added 4 .4 5 - 0 .0 1 4 .3 7  + 0 .0 4 4 .3 6  + 0.01 4.21 + 0 .0 8 e 4 .2 3  + 0 .07
Salts only* 4 .3 4  + 0 .03 4 .2 5  + 0 .08 4 .2 3  + 0 .02 4 .1 9  +  0 .0 2 4 .2 3  + 0 .0 9 4 .1 3  +  0 .0 5
Salts w ith  c itr ic

acid 4 .2 7  + 0 .02 4 .1 4  + 0 .06 4 .1 5  + 0 .02 4.11 + 0 .0 2 4 .1 2  + 0 .03 4 .0 7  +  0 .0 2
Salts w ith  fum aric

acid 4 .1 2  + 0.07 4 .1 0  + 0 .1 0 4.11 + 0 .0 1 4 .1 6  + 0.01 4 .0 3  + 0.01 4 .0 3 - 0 .0 1
Salts w ith m alic

acid 4 .2 8  + 0 .02 4 .1 9  + 0 .0 2

0
 

Ò1CN 4.11 + 0 .0 2 4 .0 8 - 0 .0 1 4 .0 8  + 0 .03
Sa lts  w ith  pho sph o ric

acid 4 .0 9  + 0 .05 4 .1 2  + 0 .1 0 e 4 .1 6  + 0.01 e 4 .0 0  -  0 .0 4

L S D  @ 5%  p ro b a b ility 0 .04 0.03 0.04 0.03 0.04 0.0 4

a Packed in pilot plant 
b Packed in Maryland commercial plant 
c Packed in Indiana commercial plant 
d Packed in California commercial plant 
e Variable not included 
f Salts were sodium and calcium chloride.
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toes packed in # 3 0 7  x  4 0 9  cans and sm aller 
w hen processed in still re to rts  and w ater cooled  
(L op ez, 1 9 6 9 ) . C om m ercially  packed tom atoes 
were processed in con tin u ou s co ok ers at 
1 0 0 - 1 0 4 .4 ° C  fo r 1 0 - 1 2  m in and air cooled . 
D ata for this study w ere obtain ed  from  a to ta l 
o f  1 1 8 2  cans.

All pH determ ination s were m ade using a 
Corning pH m eter w ith expanded scale read
ings. Fresh pH standards were prepared from  
potassium  acid ph th alate crystals dissolved in 
w ater to  0 .0 5 M  co n cen tra tio n . T o ta l acidities 
were titrated  using 0 .1 0 0 0 N  NaOH. A lcohol 
soluble acid ities were determ ined by titra tion  
o f  acids ex tracted  by  80%  ethan ol from  tom a
toes and values expressed on the basis o f  the 
to ta l to m ato  w eight b e fo re  e x tractio n . T ota l 
reducing sugars were determ ined on a portion  
o f  th e a lcoh ol ex tra cts  by th e d in itrosalycilate 
procedure o f  Sum ner and Sisler ( 1 9 4 4 ) .  Free 
am ino acids were determ ined by the ninhydrin 
procedure o f  R osen  (1 9 5 7 ) .  T he ninhydrin 
analysis was m ade on the a lcoh ol ex tra cts  after 
rem oval o f  am m onia by vacuum d istillation 
w ith the pH o f  the ex tra cts  ad justed  to  10.

RESULTS & DISCUSSION
T H E  IN IT IA L  p H  v a lu es fo r  th e  c an n e d  
to m a to  sam p le s a n d  th e  ch an g es a f te r  1 
y r  s to ra g e  a t 2 4 °C  a re  sh o w n  in  T ab le  1. 
A lth o u g h  p H  d iffe re n c e s  o f  0 .0 4  w ere  
s ta tis t ic a lly  s ig n ific a n t a t  0 .9 5  p ro b a b il
i ty ,  all p H  c h an g es  w ere  sm all w ith  n o  
in c re ases  fo u n d  to  b e  m o re  th a n  0 .1 0  pH  
fo r  an y  a d d itiv e  in  a n y  v a r ie ty . W ith o u t 
ad d itiv es , h ig h  p H  to m a to e s  d id  n o t  sh o w  
as g re a t a p H  rise  a f te r  s to ra g e  as lo w e r 
p H  to m a to e s  d id . H o w ev e r, w ith  ac id ifi
c a t io n , h igh  p H  to m a to e s  sh o w ed  m o re  
s ig n ific a n t t r e n d s  fo r  pH  rise  a f te r  s to r 
age. I t  is d if f ic u lt  to  e x p la in  th e se  tre n d s . 
A c h em ica l b re a k d o w n  o f  o rg an ic  ac id s is 
a p o ss ib il ity . H o w ev e r, th e  re lease  o f  c a r
b o n  d io x id e  fro m  ac id s w as sm all since  
o n e  m illie q u iv a len t (m e q )  acid  y ie ld s  
a b o u t  2 2  m l o f  c a rb o n  d io x id e  gas w h ich  
w o u ld  p ro d u c e  a sh a rp  d ro p  in  can  
v a cu u m . Su ch  a ch an g e  w as n o t  o b se rv ed . 
S h e e ts  a n d  L o p ez  (1 9 6 2 )  hav e  sh o w n  th a t  
o n ly  sm all in c reases  o f  c a rb o n  d io x id e  in 
c o n ta in e r  h e ad sp ac e  ta k e  p lace  in to m a to  
p ro d u c ts  d u rin g  s to ra g e . L osses in  can  
v a cu u m  are  p a r tly  o f fse t  b y  re a c tio n  o f  
th e  p ro d u c t  w ith  free  o x y g e n  in  th e  can . 
S ligh t c an  c o rro s io n  th ro u g h  p in h o le s  in  
en am el w as n o te d  in th e  sam p le s s to re d  
fo r  1 y r  a t  2 4 °C . O x id a tiv e  c o rro s io n  o f  
t in p la te  p ro d u c e s  t in  a n d  iro n  c a tio n s  
th a t  a re  c a p a b le  o f  n e u tra liz in g  p a r t  o f  
th e  to m a to  acid s. N e u tra l iz a tio n  o f  acid s 
se lec tiv e ly  m a y  re m o v e  th e  s tro n g e s ts  
ac id s re su ltin g  in  s ig n if ic a n t p H  ch an g es.

D e te rm in a tio n s  w ere  m ad e  o f  several 
c a n n e d  to m a to  c o n s t i tu e n ts  in  an  a t te m p t  
to  re la te  c o m p o s it io n a l  c h an g es  d u rin g  
s to ra g e  to  pH  s ta b il i ty . T ab le  2 sh o w s 
th a t  few  c o m p o s it io n a l  t r e n d s  c o u ld  be  
a sso c ia ted  w ith  p H  c h an g e s  d u rin g  s to r 
age. T h e  R u tg e rs  v a r ie ty  h a d  h ig h e r  to ta l  
a c id i ty  th a n  th e  R o m a  v a rie ty . T h e  R u t
g e rs v a r ie ty  h a d  h ig h e r  a lc o h o l in so lu b le

Table 2—Concentrations of total acidity (TA), alcohol soluble acidity (ASA), free amino
acids (AA) and reducing sugars (RS) in nonacidified canned tomatoes after 1 yr storage at 24°C

Composition

Pack Initial TAa Final TAb Final ASAb Final AA Final RS
%Variety Plant location (meq/100g)

R o m a Pilo t p lant 5.04 5.22 4.11 2.55 4 .2 0
H einz 1370 Indiana 4 .8 8 5.11 4 .0 2 2 .60 4 .6 0
V F -1 4 5 -7 8 7 9 C a lifo rn ia 7 .46 7.09 5.5 8 3 .3 0 6 .5 0
Rutgers P ilo t p lant 6 .3 8 6 .8 0 4 .9 0 2 .55 5 .0 0

a Initial determinations were made 3 wk after canning 
b Final determinations were made after 24°C storage for 1 yr.

Table 3—Differences in pH between various mechanically separated 
fractions of canned tomatoes

Number of Mean pH
Cans in each Canned tomato fractions difference2

determination Fraction 1 Fraction 2 Fraction 1—Fraction 2
723 Drained Drained - 0 .0 1

tom ato  fru it ju ice
36 Blended C entrifuged - 0 .0 1

tom atoes serum
36 Com pacted Centrifuged - 0 .0 3

tom ato  so lids serum

All mean differences were significant at P < 0.001.

a c id ity  (1 .9  m e q )  as d e te rm in e d  by  th e  
d if fe re n c e  b e tw e e n  to ta l  a n d  a lc o h o l so lu 
b le  a c id itie s . T h is  m ay  e x p la in  th e  d if fe r 
e n t  p H  t r e n d s  in  th e  tw o  v a rie tie s . As 
sh o w n  in  T ab le  1, th e  s ig n ific a n t p H  in 
c reases in  R o m a  to m a to e s  o c c u rre d  in  
sam p le s  a c id ifie d  to  p H  v a lu es less th a n  
4 .2 7 . T h e  R u tg e rs  v a r ie ty  s ig n ific a n tly  
in c re a sed  in  p H  a f te r  s to ra g e  w h e n  th e  
in it ia l  p H  w as g re a te r  th a n  4 .0 8 .  T h e  R u t 
gers to m a to  p H  d e c re a sed  w h e n  th e  in itia l 
v a lue  w as lo w  (4 .0 0 ) .  T h e re  o p p o s ite  
t r e n d s  c o u ld  o r ig in a te  f ro m  n o n e n z y m a tic  
ch an g es in  th e  p e c tic  su b s ta n c e s  a f fe c te d  
b y  p H -c a ta ly z e d  re a c tio n s . G e n e ra lly , lo w  
p H  c a ta ly z es  d e -e s te r if ic a tio n  w h ich  frees 
acid  g ro u p s  in  p e c tin ic  ac id . T h is  re 
d u ces so lu b ili ty  u n less  th e  re s u l ta n t  p e c 
tic  m o le c u le  is f ra g m e n te d . L itt le  in 
fo rm a tio n  is av ailab le  c o n c e rn in g  p e c tic  
f ra g m e n ta t io n  cau sed  by  m o d e ra te  acid  
ca ta ly s is  (p H  4 .0 0 )  o v e r a p e r io d  o f  
a p p ro x im a te ly  1 y r  o r  lo n g e r. In  to m a 
to es , th e  so lu b iliz a tio n  o f  p e c tic  acid  by  
m o le c u le  f ra g m e n ta t io n  c o u ld  p ro v id e  
su ff ic ie n t a c id ity  to  p re v e n t  p H  rises.

In a n o th e r  p h a se  o f  th is  s tu d y  
(S c h o e n e m a n n  a n d  L o p ez , 1 9 7 3 ), h e a t  
p ro c ess in g  # 3 0 3  x  4 0 6  c an s  o f  to m a to e s  
in  b o ilin g  w a te r  a t  9 9 °C  fo r  15 m in  in 
s te ad  o f  th e  re c o m m e n d e d  45  m in  p e r
m it te d  a r e d u c t io n  o f  a p p ro x im a te ly  0 .2

m eq  p e c tin ic  a c id i ty  p e r  lOOg to m a to .  
T h is  w as n o t  su f f ic ie n t  to  cau se  sign ifi
c a n t  p H  ch an g es b u t  w o u ld  a f fe c t  th e  
acid  b u f fe r  c a p a c ity  o f  th e  sam p les.

D iffe re n t f ra c t io n s  o f  to m a to  m a te r ia l  
s e p a ra te d  b y  m ec h a n ic a l m ea n s  sh o w e d  
th a t  c o n c e n tr a t io n  o f  in so lu b le  to m a to  
so lid s  p ro d u c e d  a lo w e rin g  o f  p H  w ith in  
th e  p ro d u c t ,  as sh o w n  in  T ab le  3. T h is  
m ean s th a t  w ith in  a c an  o f  to m a to e s  
th e re  a re  reg io n s  w ith  d if fe re n t  p H  v a lu es 
c au sed  b y  d if fe re n c e  in  c o n c e n tr a t io n  o f  
in so lu b le  so lid s. T h e  d a ta  in T ab le  3 w ere  
d e riv ed  fro m  10 to m a to  v a rie tie s  w ith  all 
a d d itiv e s  u sed  in  th is  s tu d y . As to m a to  
d eb ris  w as c o m p a c te d  by  c e n tr ifu g a t io n , 
th e  p H  b e c a m e  p ro g ressiv e ly  lo w e r  th a n  
th e  p a r tic le -fre e  se ru m  (se p a ra te d  b y  
c e n tr ifu g a tio n ) .  T h is  e f fe c t  m ay  b e  d u e  
m ain ly  to  th e  p e c tic  a c id ity  o f  th e  to m a 
to  cell w alls. I t  in d ic a te s  th a t  i f  p H  e lec 
t ro d e s  w ere  in  c lo se r p r o x im ity  to  th e  
d eb ris , th e  p H  d if fe re n tia l  w o u ld  b e  
g re a te r . C o n se q u e n tly , th e  s e t t l in g  o f  
to m a to  p a r tic le s  m ay  h av e  a te n d e n c y  to  
a llo w  a rise  in  p H  w ith in  th e  u p p e r  p o r 
tio n  o f  th e  p ro d u c t  in  a c o n ta in e r .

R e su lts  o b ta in e d  in  th is  s tu d y  an d  in  
a sso c ia ted  w o rk  d o n e  by  th e  a u th o rs  
sh o w  th a t  p H  o f  a c id if ie d  to m a to e s  is as 
s ta b le  d u r in g  h e a t  p ro c e ss in g  and  sto rag e  
as th a t  o f  n o n a c id if ie d  to m a to e s .



STORAGE OF CANNED TOMATOES-259

REFERENCES

Davies, J.N. 1964. Effect of nitrogen, phos
phorous and potassium fertilizers on the 
non-volatile organic acids of tomato fruit. J. 
Sci. Food Agr. 15: 665.

Farrow, R.P. 1963. A survey of pH variation in 
canning tomatoes. Res. Rep. No. 1—63, 
National Canners Association, Washington 
Res. Lab., 1133-20th St. N.W., Washington 
6 , D.C.

Federal Register 31, No. 155 (August 11, 
1966).

Lopez, A. 1969. A complete course in canning. 
Canning Trade, Baltimore, MD.

Lopez, A., Cooler, F.W. and Wyatt, W.B. 1968. 
Acidification of canned Mid-Atlantic toma
toes. Canning Trade 90(20): 8.

Rice, A.C. and Pederson, C.S. 1954. Factors in
fluencing the growth of Bacillus coagulans 
in canned tomato juice. 1. Size of inoculum 
and oxygen concentration. Food Res. 19: 
115.

Rosen, H. 1957. A modified ninhydrin colori
metric analysis of amino acids. Arch. Bio- 
chem. Biophys. 67: 10.

Schoenemann, D.R. and Lopez, A. 1973. Heat 
processing effects on physical and chemical

characteristics of acidified canned tomatoes. 
J. Food. Sci. 38: 195.

Sheets, E.H. and Lopez, A. 1962. Dissolved and 
dispersed gas content of certain commer
cially processed foods. Food Technol. 16: 
143.

Slocum, G.C., Welch, H. and Hunter, A.C. 
1941. An outbreak of botulism caused by 
home-canned tomatoes. Food Res. 6: 179.

Sumner, J.B. and Sisler, E.B. 1944. A simple 
method for blood sugar. Arch. Biochem. 4: 
333.

Ms received 8/18/73; revised 11/17/73; ac
cepted 11/18/73.



J O H N  L .  B O M B E N ,  E .  L .  D U R K E E ,  E .  L O W E  a n d  G .  E .  S E C O R  

U S D A  W e s t e r n  R e g i o n a l  R e s e a r c h  L a b o r a t o r y ,  A R S ,  B e r k e l e y ,  C A  9 4 7 1 0

A LABORATORY STUDY ON 
COUNTERCURRENT DESALTING OF PICKLES

INTRODUCTION

S A L T  IN T R U S IO N  lo w ers  w a te r  q u a li ty .  A s a c o n se q u e n c e , 
so m e  fo o d  p ro c esso rs  w ith  a b rin e  d isp o sa l p ro b le m  can  no  
lo n g er d isch arg e  th e ir  sp e n t b rin e  in to  fresh  w a te r  s tre am s, 
p o n d s  an d  w ells , o r  even in to  sa n ita ry  se w e r sy s tem s. L ow e 
and  D u rk ee  (1 9 7 1 )  d e sc rib e d  a te c h n iq u e  fo r  re co v e rin g  salt 
f ro m  sp e n t p ro cess in g  b rin es , a n d  th e  c o s t o f  th a t  p ro c ess  is 
d ire c tly  re la te d  to  th e  c o n c e n tra t io n  o f  salt in  th e  sp e n t b rin e . 
T h is re se a rc h  ap p lie s  th e  te c h n iq u e  o f  c o u n te rc u r re n t  leach in g  
to  th e  d e sa ltin g  o f  sa lt s to c k  p ick le s  to  p ro d u c e  a sp e n t b rin e  
o f  m u ch  h ig h e r  sa lt c o n c e n tr a t io n  th a n  n o rm al.

Salt s to c k  fo r  m a n u fa c tu re rs  o f  p ick le  p ro d u c ts  is u su a lly  
d e sa lte d  b y  a c o n tin u o u s  flu sh in g  o r  successive  w ash in g s w ith  
fresh  w a te r , a p ro c ess  k n o w n  as fresh en in g . T y p ic a lly , in  th e  
fre sh en in g  th e  c u re d  s to c k  is re d u c e d  fro m  15 —18%  sa lt to  4% 
salt w ith  a t lea s t tw o  ch an g es o f  w a te r  (E tc h e lls  e t a l., 1 9 5 1 ). 
T hese  w ash in g s p ro d u c e  a “ w eak  b r in e ” o f  2 —3%  sa lt w h ich  
m u st be  d isc a rd e d  s in ce  th e  reco v e ry  o f  sa lt fro m  a so lu t io n  o f  
th is  lo w  a c o n c e n tr a t io n  is p ro h ib itiv e ly  e x p en s iv e . W ith 
c o u n te rc u r re n t  leach in g , h o w ev er, th e  sa lt s to c k  an d  w a te r  a re  
c o u n te rc u r re n t ly  c o n ta c te d  in  successive  ta n k s , re su ltin g  in  a 
p ro p o r t io n a te ly  lo w e r v o lu m e  o f  h ig h  c o n c e n tr a t io n  sp e n t 
b r in e  ( 1 3 - 1 4 % ) ,  f ro m  w h ic h  it m ay  b e  e c o n o m ic a lly  feasib le  
to  re co v e r sa lt.

T h is  p a p e r  b r ie f ly  rev iew s th e  p rin c ip le s  an d  b asic  e q u a tio n s  
u sed  in  so lv ing  c o u n te rc u r re n t  leach in g  p ro b le m s, a n d  th e n  
sh o w s h o w  th e se  c an  be  a p p lie d  to  p ick le  sa lt s to c k  fresh en in g . 
T h e  e x p e r im e n ta l  d a ta  c o n firm  th a t  th e  a s su m p tio n s  n ecessa ry  
to  m a k e  th e  c a lc u la tio n s  a re  a re a so n a b le  a p p ro x im a tio n  o f  th e  
a c tu a l  p ro cess .

C a lc u la tio n  o f  n u m b e r  o f  stages
T h e  c o u n te rc u r re n t  le a ch in g  p ro cess  can  be  re p re se n te d  as 

sh o w n  in  F ig u re  1. F ro m  M cC abe an d  S m ith  (1 9 5 6 , p. 7 6 0 ) , 
s ince  c h an g es  in  d e n s ity  a n d  v isco sity  o f  sa lt so lu t io n s  a re  n o t  
large e n o u g h  to  a ffe c t th e  c a lc u la tio n , th e  fo llo w in g  e q u a tio n  
ap p lie s  fo r  th e  n u m b e r  o f  stages re q u ire d  to  ach iev e  a given 
s e p a ra t io n  fo r  all cases w h e re  C W:

N th eoretical

W, Yb

c, Xb
O
<f

W = Flow of water 
C = Flow of pickle salt stock
N = Total number of stages 

in process

Ya = Cone, of salt in spent brine
Yb = Cone, of salt in fresh water
Xa = Cone, of salt in pickle salt stock entering process
Xb = Cone, of salt in pickle salt stock leaving process

Fig . 1 —S c h e m a tic  d ia g ra m  o f  c o u n te rc u r re n t  d e s a ltin g  process.

H o w ev er, th e  sp ec ia l case w h e re  C = W in v o lves a s im p le r  
e q u a tio n :

N yb -  ya _ xb -  xa
theoretical

y b  -  x b y b  -  x b

T hese  e q u a tio n s ,  a lo n g  w ith  an  ov era ll sa lt b a la n c e ,

[2 ]

o r

C x b + W ya = C x a + W yb

xb = xa -  ^ ( y a -  yb)

[ 3 ]

can  be u se d  to  c a lc u la te  th e  n u m b e r  o f  s tag es re q u ire d  to  
ach iev e  a g iven  sa lt c o n c e n tr a t io n  in  e ith e r  th e  sp e n t b r in e  o r 
th e  d e sa lte d  p ick le  s to c k .

C a lc u la tio n  o f  e ffic ie n c y
E q u a tio n s  [2 ]  an d  [3 ] w ill give th e  a c tu a l n u m b e r  o f  s tages 

re q u ire d  fo r  a s e p a ra t io n  o n ly  i f  an  in f in i te  len g th  o f  t im e  w ere  
a llo w ed  in  e ach  s tage  fo r  sa lt e q u il ib ra t io n . F o r  a f in ite  t im e  in 
each  s tage  th e  a c tu a l n u m b e r  o f  s tages can  b e  c a lc u la te d  if  
so m e  a ssu m p tio n s  a re  m ad e  a b o u t  th e  c o n d it io n s  o f  leach in g :

(1 )  T h e  sa lt s to c k  p ick le s  a re  lo n g  c irc u la r  c y lin d e rs  o f  
u n ifo rm  d im e n s io n s  th a t  c an  be  g e o m e tric a lly  d e sc rib e d  w ith  
an  e q u iv a le n t ra d iu s :

a = ( m l  p i th ) ' / 2.

(2 )  E ach  stage  is w e ll-s tirred ; i.e . th e  re s is tan c e  to  t ra n s fe r  
o f  sa lt is in s id e  th e  p ick le  an d  n o t  in  th e  so lu tio n .

(3 )  T h e  d iffu s io n  c o e ff ic ie n t o f  sa lt in  th e  p ick le  d o e s  n o t  
d e p e n d  o n  th e  sa lt c o n c e n tra t io n .

W ith  th e se  a s su m p tio n s  sa lt leach in g  can  be  d e sc rib e d  by  
th e  fo llo w in g  d iffu s io n  e q u a tio n :

5c

5 t

1 5 5c
D(-4T r r - )  r o r  Or

[4 ]

w h e re  c = c o n c e n tr a t io n , r = c y lin d ric a l c o o rd in a te  in  a c y lin 
d e r o f  ra d iu s  a, t =  t im e  a n d  D = d if fu s io n  c o e f f ic ie n t  (C ra n k , 
1 9 5 6 , p. 6 2 ) . T h e  s o lu t io n  to  th is  e q u a tio n  fo r  a w e ll-s tirred  
so lu t io n  o f  l im ite d  v o lu m e  is given b y  C ra n k  ( 1 9 5 6 , p. 7 0 )  in  
te rm s  o f  M t , th e  to ta l  a m o u n t o f  so lu te  leav ing  th e  c y lin d e r  
a f te r  t im e  t ,  as a f ra c t io n  o f  th e  c o rre sp o n d in g  a m o u n t  a t 
e q u ilib r iu m :

Mt

mL
°o 4a( 1 + a) 

n? i  4 + 4 a  + a 2q2
ex p  ( [5 ]

T he q n ’s a re  th e  p o sitiv e  n o n z e ro  ro o ts  o f

“ Qn Jo (q n ) + 2 J i  (q n ) = 0. [6 ]

Jo and Ji are Bessel functions ,  and a  = th e  ratio  o f  the vo lu m e

2 6 0 - J O U R N A L  O F  F O O D  S C I E N C E - V o l u m e  3 9  ( 1 9 7 4 )
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of the solution to that of the cylinder. Equation [5] is shown 
graphically in Figure 2.

McCabe and Smith (1956, p. 769) show that the Murphree 
stage efficiency for leaching is as follows:

They also state that when W/C is nearly unity, the average 
overall efficiency is nearly equal to the Murphree stage effi
ciency, and thus

^actual
N theoretical

V
[8 ]

Nactual ls number of stages required to achieve a given salt 
concentration in the spent brine or in the desalted pickle for a 
finite residence time in each stage.
Method for measuring effective 
diffusion coefficient

The effective diffusion coefficient, D, for salt in salt stock 
must be determined in order to use Equation [5], This is 
accomplished by experimentally determining the salt concen
tration in the leaching solution as a function of time at a given 
temperature. By substituting these concentrations and times 
into Equation [5], D can be determined. Using the value of D, 
Equation [5] can be applied to countercurrent leaching con
ditions. The method and calculations for measuring D, first 
described by Carman and Haul (1954), were applied to salt 
stock pickles by Pflug et al. (1967). The conditions and results 
for pickle stock used in this work are shown in Table 1.
Example calculation

The following example calculation illustrates how this 
method can be used to calculate the actual number of stages to 
produce a desired salt concentration in the spent brine. Sup
pose the following conditions are specified:

W/C = 1.0, yb = 0% NaCl, xa = 16.8% NaCl, 
a 2  = 1.3 cm2 (1—1-1/8” max diam) 
t = 8  hr, Nactua| = 6  stages, temp = 120°F

Since W = C, equation [2] can be used, and the equation can 
be combined with Equations [3] and [8 ] to give:

= Yb + n  N act x a 

V a _  ( 1 + t ?  N a c t )

From Table 1, D = 1.5 x 10" 5 cm2/sec at 120°F. .'. (Dt/a2 ) 1/ 2 = 
0.576.
Using Figure 2 and a = W/C = 1.0, rj = 0.970.

0 +(0.970) (6 ) (0.168) 
(1 + 0.970 x 6 )

0.143

Thus the brine leaving the leaching process would be 14.3% 
NaCl, and from Equation [3] the finished salt pickles contain 
2.5% NaCl.

EXPERIMENTAL
Measurement of effective 
diffusion coefficient

I n  th i s  w o r k  th e  e f f e c t iv e  d i f f u s io n  c o e f f i c i e n t  o f  s a l t  s t o c k  p ic k le s  
w a s  m e a s u r e d  u s in g  a -  9 ,  i . e . , n in e  t im e s  a s  m u c h  w a te r  a s  s a l t  s to c k .  
T h i s  g a v e  a n  e f f e c t iv e  d i f f u s io n  c o e f f i c i e n t  a v e r a g e d  o v e r  a w id e  ra n g e  
o f  s a l t  c o n c e n t r a t i o n s  in  th e  s a l t  s t o c k  p ic k le s  ( 3 - 1 7 % ) .

Fig. 2—Solution o f diffusion equation for a cylinder in a stirred solu
tion o f limited volume ICrank, 1956, p. 72!.

A p p r o x im a te ly  3 0 0 g  o f  s a l t  s t o c k  p ic k le s  w e re  p u t  i n t o  a  b a t t e r y  j a r  
( 1 4 .5  c m  x  3 0  c m )  w i th  n in e  t im e s  t h e i r  w e ig h t  o f  d i s t i l l e d  w a te r .  T h e  
j a r  w a s  c o v e r e d  w i th  a  w a tc h  g la s s , a n d  a i r  w a s  b u b b le d  t h r o u g h  th e  
s o lu t io n  f o r  a g i t a t i o n .  A  3 -m l s a m p le  o f  b r in e  w a s  w i th d r a w n  e v e ry  
h o u r  f o r  8  h r .  L o s s e s  d u e  to  e v a p o r a t io n  a n d  s a m p l in g  w e re  s m a l l  a n d  
c o n s id e r e d  n e g lig ib le .  T h e  c h lo r id e  in  t h e  b r in e  a n d  s a l t  s t o c k  p ic k le  
s a m p le s  w a s  m e a s u r e d  b y  a n  A m in c o - C o t lo v e  t i t r a t o r  ( A m e r i c a n  I n s t r u 
m e n t  C o .,  I n c . ,  S i lv e r  S p r in g s ,  M d .,  C a t a lo g  N o . 4 - 4 4 2 0 B ) .  C h lo r id e  in  
s a l t  s t o c k  s a m p le s  w a s  m e a s u r e d  b y  g r in d in g  w i th  a n  e q u a l  w e ig h t  o f  
w a te r  in  a  b le n d e r .

U s in g  F ig u re  2  ( D t / a 2 ) 1/2 w a s  d e t e r m in e d  f o r  e a c h  rj =  M j / M ^ ,  a n d  
th e  s lo p e  o f  th e  l in e  D t / a 2 v s . t  w a s  u s e d  to  d e t e r m i n e  D . T h e  a v e ra g e s  
o f  tw o  o r  t h r e e  r e p l i c a t i o n s  o f  e x p e r i m e n t a l l y  m e a s u r e d  v a lu e s  o f  D  
u s e d  in  th i s  w o r k  a r e  s h o w n  in  T a b le  1.

Experimental measurement of 
countercurrent leaching

T o  v e r i fy  th e  a p p l i c a b i l i t y  o f  t h e  a s s u m p t io n s  a b o u t  s a l t  s t o c k  f r e s h 
e n in g  m a d e  in  th e  a b o v e  c a l c u l a t i o n ,  a  c o u n t e r c u r r e n t  le a c h in g  e x p e r i 
m e n t  w a s  d o n e .  S e v e n  1 5 0  m m  x  7 5  m m  c r y s ta l l i z in g  d is h e s  w e re  u s e d  
as l e a c h in g  v e ss e ls . T h e  s c h e d u le  f o r  b r in e  t r a n s f e r  is  s h o w n  in  T a b le  2 
w h e re  t h e  v e ss e ls  a r e  l a b e le d  A  th r o u g h  G . E a c h  v e ss e l h e ld  5 0 0  ± 5 g  o f  
1 —1 -1 /8  in . m a x  d ia m  s a l t  s t o c k  a n d  5 0 0  m l o f  le a c h in g  b r in e ,  w h ic h

Table 1—Diffusion coefficients of salt from pickle stock
Max diam 

(in.)
Temp
(°F)

D x 10s
(cm2/sec)

a23
(cm2)

1-1/2—1-3/4 78 0.53 3.5
1-5/16-1-1/2 77 0.94 2.4
1—1-1/8 77 1.1 1.3
1-1-1/8 (Perforated)12 77 0.89 1.3
1-1-1/8 120 1.5 1.3
a a2 = the square of an equivalent radius determined by the formula a2 

-  (m/p7rl_), where m = weight of a salt stock pickle; p = density of a 
salt stock pickle, assumed to be the same as a salt-water solution; and 
L = length of a salt stock pickle, 

b 0 .0 7 2  in. pin, 1 '1 in. deep on 1 /2  in. centers.
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Table 2 —Schedule of brine transfer for six stages

Time (hr) 0 8 16 24 32 40 48 56 64 104
Add salt A, B, C D E F G A ; B C D B

stock to 
vessels

Take spent F G A B C A
brine from 
vessels

Transfer brine A to D D to E E to F E to G F to A G to B A to C B to D G to B
from vessels B to D D to E D to F Eto G F to A G to B A to C F to A

A to B C to D Cto E D to F Eto G F to A G to B E to G
B to C B to D Cto E D to F Eto G F to A . . . D to F
A to B A to C B to D Cto E D to F E to G Cto E

Add water to A, B, C A A A B C D E F D
vessels

Take freshened A B C D E C
salt stock 
from vessels

was distilled water initially. The vessels were covered with watch glasses 
and held at 120°F. The freshened salt stock and spent brine removed 
after each 8-hr period were analyzed for chloride by the m ethod de
scribed above.

RESULTS & DISCUSSION
THE CHLORIDE ANALYSES for the countercurrent leaching 
experiment are shown in Table 3. Steady-state operation for 
this procedure was found to occur in about 48 hr, the spent 
brine salt concentration being in the range of 13.2—13.6%, and 
the freshened salt stock 2.0—2.8%. These concentrations agree 
within 1 0 —2 0 % of the results obtained in the above calcula
tion, which used the experimental conditions as an example.

The calculated concentrations of salt in the spent brine and 
freshened salt stock are suitable for examining the effect of 
different numbers of stages, residence times and temperatures. 
Table 4 summarizes the results of calculations for a number of 
conditions which might be considered for freshening salt stock 
pickles.

A number of combinations of stages and residence times 
can be used to produce a spent brine of much higher concen
tration than the present “weak brine.” Most of the conditions 
used in the calculation are realistic, and countercurrent leach
ing appears to be a practical desalting technique. Total desalt

Table 3 —Pickle stock desalting experiments

Time
(hr)

Va
Spent brine 
leaving stage 

#1
(% NaCI)

xb
Desalted pickle 

stock leaving 
stage # 6  
(% NaCI)

32 14.7 1.2 Experimental conditions
40 13.7 1.9 N = 6  stages
48 13.5 2.0 t = 8 hr
56 13.6 2.1 temp = 120° F
64 13.5 2.2 W/C = 1.0
72 13.4 2.8 xa = 16.7% NaCI
80 13.4 2.1
88 13.3 2.8
96 13.2 2.7

104 13.2 2.4

ing time is 24—48 hr, which is comparable to the time present
ly used for successive or continuous washing. The much higher 
salt concentration of the spent brine should make salt recovery 
economically feasible, or if the salt is not recovered, the vol
ume of brine for disposal would be considerably reduced.

The diffusion coefficient, D, increases with temperature. 
All other process variables being equal, increasing the leaching 
temperature increases the rate of salt removal. In countercur
rent leaching however, the change in external salt concentra
tion as the pickles move from stage to stage overshadows the 
effect of any increase in temperature. This situation has also 
been observed in conventional freshening as pointed out by 
Switzer et al. (1939) where they state that the slight increase 
in freshening rate for temperature above 80°F is not worth the 
increased cost.

The results of Table 4 show that the increased salt removal 
resulting from using a higher temperature in countercurrent 
leaching is indeed slight, and thus probably not worth the 
additional expense. In most cases the efficiency (tj) is high, 
and thus any increase in the diffusion coefficient would not 
markedly affect the salt removal. Only in those cases where 
the efficiency is low (large size pickle or short desalting time in 
each stage) would a temperature increase provide a notable 
change in the concentration of salt in the spent brine and 
desalted pickle stock.

Table 4 —Calculation of desalting conditions3

^ actual
t

(hr)

Max
diam
(in.)

Temp
(°F )

Va
(%)

*b
(%) V

6 8 1-1-1/8 77 14.4 2.6 0.943
6 8 1-1-1/8 120 14.5 2.5 0.971
6 6 1—1-1/8 77 14.3 2.7 0.906
6 4 1-1-1/8 77 14.2 2.8 0.835
4 8 1—1-1/8 77 13.4 3.6 0.943
2 8 1—1-1/8 77 11.1 5.9 0.943
8 6 1-1-1/8 77 14.9 2.1 0.906
6 8 1-5/16—1-1/2 77 14.1 2.9 0.820
4 8 1-1/2—1-3/4 77 12.2 4.8 0.629
6 8 1-1/2-1-3/4 77 13.4 3.6 0.629

a W/C = 1.0, Vb = o, xa = 17.0
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B o th  th e  d a ta  o f  P flu g  e t  al. (1 9 6 7 )  a n d  th a t  in  T ab le  1 
sh o w  th a t  D d ecreases  as th e  size o f  th e  p ick le  sa lt s to c k  
increases . P flug  e t al. (1 9 6 7 )  suggest th a t  th is  d ec rease  in  D 
m ay  be d u e  to  a d e n se r sk in  in  th e  la rg e r sa lt s to c k . C o m p ari
so n s b e tw e e n  v a lu es o f  D as m ea su re d  b y  P flug  e t al. (1 9 6 7 )  
a n d  th o se  in  T ab le  1 sh o w  d iffe re n c e s  o f  2 0 —30% . T h e  tw o  
se ts  o f  d a ta  in d ic a te  th a t  v a r ia tio n s  in  D fo r  sa lt s to c k  fro m  
d if fe re n t seaso n s a n d  lo c a tio n s  a re  n o t  larg e , a n d  it is p o ss ib le  
to  m ea su re  a re lia b le  v a lu e  o f  D fo r  e ach  sa lt s to c k  size.

P e rfo ra t io n  o f  th e  sa lt s to c k  d id  n o t  ch an g e  th e  e ffe c tiv e  
d iffu s io n  c o e ff ic ie n t  (T ab le  1), a n d  th u s  h a d  n o  e ffe c t o n  th e  
d e sa ltin g  p ro cess .

A lth o u g h  th e  p re se n t s tu d y  sh o w ed  th a t  c o u n te rc u r re n t  
leach in g  is te c h n ic a lly  p o ss ib le  fo r  f re sh en in g  sa lt s to c k , th e  
o p tim u m  n u m b e r  o f  s tages c an  b e  d e te rm in e d  o n ly  a f te r  c o n 
sid e rin g  th e  o v e ra ll e c o n o m ic s  a n d  p r o d u c tio n  n e ed s  o f  a g iven 
p la n t. T h e  p re se n t s tu d y  gives a basis  fo r  m ak in g  a p ilo t  p la n t 
scale  te s t,  w h ic h  can  th e n  b e  u se d  fo r  d e te rm in in g  th e  e co 
n o m ic , q u a li ty  a n d  sc h e d u lin g  a sp e c ts  o f  th e  p rocess .

NOMENCLATURE
S y m b o l D e s c r ip t i o n D im e n s io n s

a E q u i v a l e n t  r a d iu s  o f  s a l t  s t o c k  p ic k le ,  
a  =  m /p r rL le n g th

C F lo w  o f  s a l t  s t o c k m a s s / t im e

c S a l t  c o n e  in  s a l t  s t o c k  p ic k le m a s s / ( l e n g t h ) 3

D E f f e c t iv e  d i f f u s io n  c o e f f i c i e n t ( l e n g t h ) 2 / t i m e

J 0 & J , B e s s e l  f u n c t i o n s

L L e n g th  o f  s a l t  s t o c k  p ic k le le n g th

m M ass  o f  s a l t  s t o c k  p ic k le m a ss

M t T h e  a m o u n t  o f  s a l t  h a v in g  l e f t  s a l t  s t o c k  
a f t e r  t im e  t m a s s

M «, T h e  a m o u n t  o f  s a l t  h a v in g  l e f t  s a l t  s t o c k  
a t  e q u i l i b r iu m m a s s

N T o t a l  n u m b e r  o f  s ta g e s  i n  d e s a l t in g  p r o c e s s

9 n T h e  p o s i t iv e  n o n z e r o  r o o t s  o f

<*qn J o ( 9 n )  +  2 J i ( 9 n )  =  0

r

t

W
x a

x b

ya

Vb
yn
a

R a d ia l  d i s ta n c e  f o r  s a l t  s t o c k  p ic k le

T i m e  o f  d e s a l t in g  in  e a c h  s ta g e

F lo w  o f  b r in e

C o n c e n t r a t i o n  o f  s a l t  in  s a l t  s t o c k  p ic k le s  
e n t e r in g  c o u n t e r c u r r e n t  d e s a l t in g

C o n c e n t r a t i o n  o f  s a l t  in  s a l t  s t o c k  p ic k le s  
le a v in g  c o u n t e r c u r r e n t  d e s a l t in g

C o n c e n t r a t i o n  o f  s a l t  in  s a l t  s t o c k  p ic k le s  
a t  s ta g e  N  in  c o u n t e r c u r r e n t  d e s a l t in g

C o n c e n t r a t i o n  o f  s a l t  in  s p e n t  b r in e  le a v in g  
c o u n t e r c u r r e n t  d e s a l t in g

l e n g th

t im e

m a s s / t im e  

% N a C l b y  w t 

% N a C l b y  w t  

%  N a C l b y  w t 

% N a C l b y  w t

C o n c e n t r a t i o n  o f  s a l t  in  f r e s h  w a te r  e n t e r in g  
c o u n t e r c u r r e n t  d e s a l t in g  % N a C l b y  w t

C o n c e n t r a t i o n  o f  s a l t  in  b r in e  a t  s ta g e  N  
in  c o u n t e r c u r r e n t  d e s a l t in g  %  N a C l b y  w t

T h e  r a t i c  o f  v o lu m e  o f  b r in e  t o  v o lu m e  o f  s a l t  
s t o c k  in  c o u n t e r c u r r e n t  d e s a l t in g :  a =  W /C

D e n s i ty  o f  s a l t  s o lu t io n  m a s s / ( l e n g t h ) 3

M u r p h r e e  s ta g e  e f f i c ie n c y  f o r  c o u n t e r c u r r e n t  
le a c h in g ;  p  =
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YIELD, PROXIMATE COMPOSITION AND MINERAL ELEMENT CONTENT 
OF THREE CULTIVARS OF RAW AND ROASTED PEANUTS

INTRODUCTION

P E A N U T S  a n d  p e a n u t  p ro d u c ts  a re  im 
p o r ta n t  so u rc es  o f  p ro te in  a n d  o th e r  
e ssen tia l n u t r ie n ts  in  th e  A m e ric an  d ie t. 
T h e  pe r c a p ita  c iv ilian  c o n s u m p tio n  o f  
p e a n u ts  in  1971 w as 6 .0  p o u n d s  (U S D A , 
E R S , 1 9 7 2 ). P e a n u t p ro d u c ts  a re  d is tr ib 
u te d  in  large  q u a n ti t ie s  in  th e  c o m m o d ity  
fo o d  p ro g ram s o f  th e  U .S . D e p t, o f  A gri
c u ltu re .  P e a n u ts  m ay  also  be  u se fu l in  
d ie ts  in  w h ic h  in ta k e  o f  o n e  o r  m o re  n u 
tr ie n ts ,  su ch  as so d iu m  o r  p o ta s s iu m , 
m u s t be  c o n tro l le d .

D ata  o n  th e  n u tr ie n t  c o n te n t  o f  p e a 
n u ts , ra w  a n d  ro a s te d ,  a re  s c a tte re d . 
H o ffp a u ir  (1 9 5 3 )  a n d  W o o d ro o f  (1 9 6 9 )  
su m m a riz e d  m an y  o f  th e  e a rly  in v es tig a 
t io n s  o n  th e  c o m p o s it io n  a n d  p ro p e rtie s  
o f  ra w  p e a n u ts . E h e a rt  e t  al. (1 9 5 5 )  re 
p o r te d  a 5 -y r s tu d y  o n  th e  c h em ica l c o m 
p o s it io n  o f  d i f fe re n t  v a rie tie s  o f  raw  
p e a n u ts  g ro w n  in  V irg in ia . T h e  p ro x im a te  
c o m p o s it io n  o f  ro a s te d  V irg in ia  an d  
S p an ish  p e a n u ts  w as r e p o rte d  b y  S m ith  e t 
al. (1 9 6 2 ) .  S e k h o n  e t al. (1 9 7 0 )  s tu d ie d  
th e  p ro x im a te  c o m p o s it io n  o f  six  va r
ie tie s  o f  p e a n u ts , b o th  raw  a n d  ro a s te d , 
g ro w n  in  In d ia . H o ffp a u ir  (1 9 5 3 )  re 

v iew ed  c o m p o s itio n a l ch an g es a sso c ia ted  
w ith  ro a s tin g  fo r  su c h  c o m p o n e n ts  o f  th e  
p e a n u t  as m o is tu re , B -v itam ins, a m in o  
ac id s a n d  sugars.

D a ta  o n  c o n te n t  o f  m in e ra l e le m e n ts  
in  raw  p e a n u ts  w ere  su m m a riz e d  b y  
H o ffp a u ir  (1 9 5 3 )  a n d  W o o d ro o f  (1 9 6 9 ) . 
In  b o th  in s tan c es , a m a jo r so u rc e  o f  th e ir  
d a ta  w as th e  w o rk  o f  F re e m a n  e t al. 
w h ic h  w as p u b lish e d  in  1 9 5 4 . W alker a n d  
H y m o w itz  (1 9 7 2 )  a n a ly z e d  ra w  p e a n u ts  
f ro m  16 c u ltiv a rs  o f  th e  1971 c ro p  fro m  
v a rio u s  s ta te s  fo r  c o n te n t  o f  10 m in e ra l 
e le m en ts . F ew  o th e r  d a ta  a re  av a ilab le  o n  
m in e ra l e le m e n t c o n te n t  o f  p e a n u ts , 
e ith e r  ra w  o r  ro a s te d , a n d  th o se  few  are 
p r im a rily  f ro m  fo re ig n  so u rces .

T h is  s tu d y  w as u n d e r ta k e n  to  u p d a te  
in fo rm a t io n  o n  y ie ld s, p ro x im a te  c o m 
p o s it io n , a n d  m in e ra l e le m e n t c o n te n t  o f  
raw  an d  ro a s te d  V irg in ia -ty p e  p e a n u ts , 
an d  to  m easu re  c h an g es  w h ic h  o c c u r  w ith  
ro a s tin g .

METHODS & MATERIALS
R E P R E S E N T A T I V E  S A M P L E S  o f  t h r e e  c u l t i 
v a rs  ( V ir g in ia -7 0 ,  N o r th  C a r o l in a - 2  a n d  F lo r i -  
g a n t )  o f  V ir g in i a - ty p e  p e a n u t s  w e re  o b t a i n e d

f r o m  th e  T i d e w a te r  R e s e a r c h  S t a t i o n ,  H o l la n d ,  
V a . R e p l ic a te ,  u n s h e l l e d  1 0 0 -g  s a m p le s  o f  e a c h  
v a r ie ty  w e re  r o a s t e d  in  a n  e l e c t r i c  o v e n  a t  
1 7 7 ° C  f o r  3 5  m in .  M a tc h in g  1 0 0 -g  r a w  s a m p le s  
a n d  th e  r o a s t e d  s a m p le s  w e re  s h e l l e d  a n d  t h e  
s h e l ls  a n d  k e r n e l s  ( in c lu d in g  s k in s )  w e re  
w e ig h e d  s e p a r a t e ly  t o  d e t e r m i n e  y ie ld .

T h e  r a w  a n d  r o a s t e d  k e r n e l s  w i th  s k in s  w e re  
g r o u n d  a n d  s t o r e d  a t  - 2 1 ° C  u n t i l  a n a l y z e d .  
M o is tu r e ,  c r u d e  f i b e r ,  f a t ,  n i t r o g e n  a n d  t o t a l  
a s h  w e re  e s t i m a t e d  a c c o r d i n g  t o  t h e  m e t h o d s  
r e c o m m e n d e d  b y  A O A C  ( 1 9 7 0 ) .  S a m p le s  o f  
a p p r o x im a te ly  3 g  w e re  a s h e d  b y  c h e m ic a l  
m e th o d s  b y  u s in g  n i t r i c  a n d  p e r c h lo r i c  a c id  
(E n g e l  e t  a l . ,  1 9 6 7 )  a n d  w e re  a n a l y z e d  f o r  C a ,  
M g, N a , K , F e ,  C u , Z n  a n d  M n  b y  th e  p r o 
c e d u r e s  d e s c r ib e d  f o r  t h e  P e r k in - E lm e r  a to m ic  
a b s o r p t i o n  s p e c t r o p h o t o m e t e r .  P h o s p h o r u s  w a s  
d e t e r m in e d  f r o m  a n  a l i q u o t  o f  t h e  d i l u t e d  a s h  
b y  t h e  c o lo r im e t r i c  m e t h o d  o f  F i s k e  a n d  
S u b b a r o w  ( 1 9 2 5 ) .

T h e  e x p e r i m e n t a l  d e s ig n  e m p l o y e d  w a s  a  3 
X 2  X  2  f a c to r i a l ,  w i th  t h r e e  c u l t iv a r s ,  t w o  
p h y s ic a l  s t a t e s  ( r a w  a n d  r o a s t e d )  a n d  t w o  lo t s  
o f  e a c h  v a r i e ty - p h y s ic a l  s t a t e  c o m b i n a t i o n .  F o r  
p r o x i m a t e  c o m p o s i t i o n  a n d  m in e r a l  e l e m e n t  
a n a ly s e s ,  e a c h  o b s e r v a t i o n  w a s  t h e  m e a n  o f  tw o  
d e t e r m in a t io n s .  A n a ly s e s  o f  v a r ia n c e  w e re  m a d e  
o n  t h e  c o m p l e t e d  d a t a  t o  t e s t  f o r  d i f f e r e n c e s  
a m o n g  v a r ie t ie s ,  p h y s ic a l  s t a t e s  a n d  lo t s .  A  f u r 
th e r  a n a ly s is  w a s  m a d e  b y  s u b d iv id in g  t h e  s u m s  
o f  s q u a r e s  f o r  th e  m a in  e f f e c t s  a n d  i n t e r a c t i o n s

Table 1—Yield and proximate composition of three cultivars of raw and roasted peanuts3

Yield Proximate compositionb

Whole Crude Protein
Cultivar and nut kernels0 Shells Moisture fiber Fat Nitrogen IN X 5.46) Ash
physical state (g) (%) % % % % % % %
Raw:

Virginia-70 100.0 74.8 24.3 5.5 ± 0.13 a 4.8 ± 0.02 a 47.7 ± 0.40 b 4.41 ± 0.07 a 24.1 ± 0.37 a 2.36 ± 0.02 a
North Carolina-2 100.0 75.5 24.0 8.3 ± 0.25 c 5.0 ± 0.07 a 45.1 ± 0.35 a 4.43 ± 0.03 a 24.2 ± 0.17 a 2.85 ± 0.05 b
Florigant 100.0 75.3 24.8 6.4 ± 0.10 e 4.8 ± 0.11 a 48.1 ± 0.42 b 4.75 ± 0.08 b 25.9 ± 0.42 b 2.39 ± 0.01 a

Roasted:
Virginia-70 93.2 75.9 24.2 2.4 ± 0.11 xy 5.2 ± 0.19 x 49.7 ± 0.05 y 4.60 ± 0.15 x 25.1 ± 0.82 x 3.48 ± 0.03 y
North Carolina-2 91.2 76.1 24.1 2.3 ± 0.06 x 5.5 ± 0.16 y 47.2 ± 0.91 x 4.72 ± 0.10 x 25.8 ± 0.52 x 3.47 ± 0.24 y
Florigant 

Overall mean:d
91.4 74.9 24.8 2.7 ± 0.03 y 5.2 ± 0.03 x 49.4 ± 0.12 y 4.96 ± 0.10 y 27.1 ± 0.55 y 3.23 ± 0.01 x

Raw 100.0 75.2 24.4 6.7 4.9 47.0 4.53 24.7 2.54
Roasted 91.9 75.6 24.4 2.5 5.4 48.8 4.76 26.0 3.39

3 Different letters in the same data column Indicate significant differences (P < 0.05). b Means and standard errors are given.c No significant differences for percent of kernels were noted among cultivars or physical states. d All differences between raw and roasted peanuts In proximate composition were significant (P < 0.01).
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( S n e d e c o r  a n d  C o c h r a n ,  1 9 6 7 ) ,  t o  d e t e r m in e  
w h ic h  o f  t h e  m e a n s  w e re  s ig n i f i c a n t ly  d i f f e r e n t  
f r o m  e a c h  o th e r .  A  s e p a r a te  a n a ly s i s  o f  v a r ia n c e  
w a s  m a d e  o n  t h e  p o o le d  d a t a  t o  t e s t  f o r  s ig n if i
c a n c e  o f  d i f f e r e n c e s  b e tw e e n  r a w  a n d  r o a s t e d  
p e a n u t s .

RESULTS & DISCUSSION
Yield and proximate composition

T he y ie ld  o f  k e rn e ls  averag ed  a b o u t  
75%  a n d  th e  she lls  re p re se n te d  a b o u t  25%  
(T ab le  1) o f  th e  raw  an d  ro a s te d  sam p les. 
N o  s ig n ifican t d iffe re n c e s  w e re  o b se rv ed  
fo r  y ie ld  o f  k e rn e ls  in  re la tio n  to  c u ltiv a r  
o r  p h y sica l s ta te  (raw  o r ro a s te d ) .  W ood- 
r o o f  (1 9 6 9 )  re p o r te d  average  y ie ld s  o f  
k e rn e ls  to  b e  80%  fo r  S p an ish  a n d  74%  
fo r  R u n n e r  p e a n u ts . T h e  f in d in g s  o f  th is  
s tu d y  are  in  g o o d  a g re e m e n t w ith  W ood- 
r o o f ’s va lues.

T h e  p ro x im a te  c o m p o s it io n  o f  th e  
sam ples is a lso  sh o w n  in  T ab le  1. T h e  
d a ta  su m m a riz e d  th e re  a re  fo r  th e  m ea n  
and  s ta n d a rd  e r ro r  o f  th e  m e a n  fo r  each  
o f  th e  th re e  c u ltiv a rs , b e fo re  a n d  a f te r  
p e a n u ts  w e re  ro a s te d .  As in d ic a te d  b y  
an a ly sis  o f  v a rian ce  o n  p o o le d  d a ta ,  raw  
an d  ro a s te d  p e a n u ts  d if fe re d  s ig n ific a n tly  
fo r  a ll p ro x im a te  c o m p o n e n ts .  A n a ly se s 
o f  v a rian ce  a lso  sh o w ed  sig n ific a n t d if fe r 
en ces a m o n g  c u ltiv a rs  fo r  m o is tu re , fa t,  
n itro g e n  a n d  ash  in  raw  p e a n u ts , a n d  fo r 
all p ro x im a te  c o m p o n e n ts  in  ro a s te d  
p e a n u ts . A few  d iffe re n c e s  w e re  n o te d  in  
n u tr ie n t  c o n te n t  b e tw e e n  lo ts  o f  a c u lt i 
var. T h ese  d iffe re n c e s  b e tw e e n  lo ts , a l
th o u g h  s ta tis t ic a lly  s ig n ific a n t, w ere  n o t  
o f  p ra c tic a l im p o r ta n c e ,  as n o n e  o f  th e m  
e x ce ed e d  8%  o f  th e  lo w e r v a lu e , a n d  sev
eral o f  th e  d iffe re n c e s  w ere  less th a n  1%.

N C-2 ra w  p e a n u ts  w ere  lo w e r in  fa t 
a n d  h ig h er in  m o is tu re  a n d  ash  c o n te n t  
th a n  w ere  th e  o th e r  tw o  c u ltiv a rs . N i t ro 
gen va lues w e re  s ig n if ic a n tly  h ig h e r  in  
F lo r ig a n t th a n  in  th e  o th e r  tw o  cu ltiv ars , 
b u t  th e re  w e re  so m e  o v e rla p p in g  va lues. 
N o n e  o f  th e  th re e  c u ltiv a rs  w as c o n sis
te n t ly  th e  h ig h es t o r  lo w e s t in  c o n te n t  o f  
th e  v a rio u s  p ro x im a te  c o m p o n e n ts .

D iffe re n c es  in  m o is tu re  c o n te n t  a m o n g  
th e  d if fe re n t  lo ts  o f  raw  p e a n u ts  w ere  
g re a tly  re d u c e d  b y  ro a s tin g . D iffe re n c es  
in  m o is tu re  c o n te n t  a n d  c ru d e  f ib e r  in  
ro a s te d  p e a n u ts  do  n o t  a p p e a r  to  b e  o f  
p ra c tic a l im p o r ta n c e . T h e  p a t t e rn  o f  
d iffe re n c e s  fo r  v a lu es o n  th e  d ry  basis w as 
sim ila r to  th a t  sh o w n  fo r  th e  d a ta  in  
T ab le  2 .

T h e  m in e ra l v a lu es o f  th e  c u ltiv a rs  
te s te d  a re  w ith in  th e  ran g e  re p o r te d  fo r  
p e a n u ts  b y  F re e m a n  e t al. (1 9 5 4 )  an d  
agree  fa irly  w ell w ith  th e  v a lu es re p o r te d  
by  W att a n d  M errill (1 9 6 3 ) . W alker and  
H y m o w itz  (1 9 7 2 ) ,  w h o se  sam p le s in 
c lu d ed  tw o  (N C -2 a n d  F lo r ig a n t)  o f  th e  
cu ltivars a lso  in c lu d e d  in  th is  re sea rc h , 
r e p o rte d  average v a lu es th a t  w e re  in  re a 
so n a b le  ag reem en t w ith  va lues fo u n d  in 
th is  s tu d y  fo r  c o n te n t  o f  m ag n esiu m , 
p o ta s s iu m , c o p p e r  and  m an g an ese , b u t
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were higher in  calcium  and iro n  and low er 
in  phosphorus and zinc than values in  the 
present study.

Retentions of nutrients with roasting
Retention values for nutrients in peanuts were calculated, using the following 

formula:
batch wt o f kernels before roasting 

x  nutrient content/lOOg roasted kernels x  100 * oil,
Batch w t o f kernels after roasting 

x  nutrient content/lOOg raw kernels

These re ten tions are listed in  Table 3.
I f  a n u trie n t has been ne ither in a c ti

vated, vo la tilized , nor transferred to  a 
processing by -p rod uc t such as expressed
o il, dripp ings, o r cooking water, re ten tion  
values should center around 100%. Be
cause o f e rro r in  ana ly tica l systems, some 
values cou ld  be expected to  be higher, 
and some low er.

R etentions o f  nu trien ts  fo r  the roasted 
peanuts in  th is  study were generally w e ll 
w ith in  a range tha t cou ld  be a ttr ib u te d  to  
ana ly tica l error, 9 0 —110%. M oisture re
ten tions were lo w , about 35%, ind ica ting  
the extent to  w h ich  m oisture was vo la
tilized  fro m  the raw peanuts w ith  roast
ing. Ash re ten tions were high fo r  a ll cu lti-

vars. Retentions fo r  phosphorus and 
manganese in  the cu ltiva r V A -70  were 
also high. The reason fo r  these high reten
tions cou ld no t be determ ined. Recovery 
values fo r  phosphorus and manganese 
averaged 99% and 101%, respectively. 
Agreem ent among rep licate values fo r 
these elements and fo r  ash was good.

Sodium  re ten tions were lo w  fo r  a ll 
cu ltivars, ranging fro m  7 4 —87%. Reasons 
fo r  these unusual re ten tions cou ld no t be 
established, b u t i t  can be speculated tha t 
sodium  was lost to  the shell o f the peanut 
when roasted. Analyses were no t done on 
the shells, so th is  po ss ib ility  cannot be 
substantiated.
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T h e  P i l l s b u r y  C o .  R e s e a r c h  &  D e v e l o p m e n t  L a b o r a t o r i e s  

3 1 1  2 n d  S t .  S . E . ,  M i n n e a p o l i s ,  M N  5 5 4 1 4

INDIVIDUAL HEAT TRANSFER MODES IN BAND OVEN BISCUIT BAKING

INTRODUCTION
IN CONVENTIONAL heating operations, heat may be transferred to food products by the general mechanisms of conduction, convection, or radiation. Conduction refers to the direct transfer of heat energy between adjacent molecules within a stationary system; convection, which includes free and forced convection, refers to direct transfer of heat energy between adjacent molecules in different phases, as between a solid surface and a convecting fluid; radiation refers to the remote transfer of heat between emitting and absorbing masses via electromagnetic radiation in the infrared wavelengths.It is the intent of this paper to examine the major effects of these individual heat transfer modes in biscuit baking, and to present a mathematical model which can be used to account for heat transferred by the individual heat transfer modes in band oven baking applications.In band oven baking it is convenient to identify five separate modes of conventional heat transfer to the product: conduction from support medium, forced convection, free convection, radiation from refractory surfaces and radiation from flames. For indirect fired ovens, conduction, forced convection and radiation from refractory surfaces are most important, while for direct fired ovens, conduction, free convection and radiation from both refractories and flame may be important.The transfer of heat by each individual mode may be expressed mathematically in terms of a temperature driving force, a transfer area and a transfer coefficient as given below. Discussions and derivations of some or all of these expressions may be found in Rohsenow and Choi (1961), Eckert and Drake (1959), Perry (1963), Charm (1971) and Matz (1960;1972), among others.The expressions for conduction, forced convection, and free convection, respectively, may be written as follows:

Abqc = k — (TB- Tb) [I]
qF = hpAgITg - Ts) [2]
qf = hfAs(Ta -Ts) [3]

The expressions for radiation from refractory surfaces and directly from flames, respectively, may be written as follows:
9Rr = F^aCll — Tj) [4]

qRf = F sfA s o (Tf - If) [5]
in which the coefficients are given by :

1
I l  As 1+ (--1) +— (̂---1)Fsr Ar er

1
1 1 Ag 1=- + (-- l)+-r(—  O

F s f  e s A f  e f

[6]

[7]

Identifications of the individual terms in these expressions are given in the Nomenclature section.If we consider the baking of biscuits in an indirect fired oven with the biscuits supported directly on a band through which no significant air flows, then the important mechanisms of heat transfer to the biscuits include conduction from the band to the biscuit bottom, radiation from oven refractory surfaces to biscuit top and sides, and forced convection to biscuit top and sides. In this case the equation for transfer of heat to the product may be written using expressions [ 1 ], [2] and [4] :
A b

q = qc + qF + qRr = k—  (TB - Tb) + h F As (Ta - Ts) +
Ts )• [8]

In equation [8] the term for radiation is written in a simplified form made possible by assuming thâ  both the refractory emissivity er anc the geometry factor Fsr are about unity, assumptions which were valid in the present study. The expression for total heat transferred must equal an expression for total heat absorbed. For most products both the gross temperature rise of the product (sensible heat increase) and the latent heat of vaporization of baked out moisture must be consid
ered, while such factors as heats of fusion of fats, heats of reaction and solution, and heats of vaporization of volatiles other than water can usually be ignored. Thus we may write the total heat absorbed as in equation [9] :

W Cp (T - Tj) L Xv 
q =  Ä t  +~ A t ' [9]

Identifications of the terms in this expression are given in the Nomenclature section.

MATERIALS & METHODS
EQUATIONS [8] and [9] were applied to the baking of biscuits in an 
indirect fired band oven process. The biscuit dough used was an un
proofed chemically leavened dough; it was sheeted to about 5/8 in. 
thickness and cut to about a 2-in. diam piece yielding a baked biscuit of 
about 1.25 in. height, except for conduction trials utilizing a hot plate 
in which case the dough was sheeted to 3/8 in. thickness and cut to 
about a 4-in. diam piece yielding a baked biscuit of about 1.0 in. height. 
The band oven which was used utilizes burning of the gas in a chamber 
remote from the baking chamber with the heated air convected into the 
baking chamber through recirculation dampers. The oven features three 
separately controlled oven zones and was used with a 2-ft wide tight 
weave mesh band. Process and product temperatures were monitored 
continuously using type J iron-constantan thermocouples which were 
connected to a monitoring computer with teletype and punched tape 
output. Several thermocouples were located in permanent positions in 
each oven zone to monitor air and refractory temperatures. The meas
urement of oven band and biscuit temperatures utilized a number of 
thermocouples which traveled through the oven with the band and 
product so as to monitor these temperatures continuously as they 
changed through the oven.

Before applying the complete equations to the band oven process, 
an attempt was made to isolate the individual modes of heat transfer in 
separate experiments using lab scale equipment so as to determine 
values for the heat transfer constants k, hF and es, and to identify the
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Table 1—Average biscuit bottom thermal conductivity k as a func
tion of plate temperature and depth into biscuit (18 min. bake time)

Biscuit Biscuit

Trial
no.

Avg 
plate 
T, °F

T,°F 
2 mm 
(9 min)

k
at

2 mm

T,°F 
5 mm 

(9 min)

k
at

5 mm

1 319 200 0.044 183 0.097
2 353 205 0.039 187 0.086
3 380 219 0.040 196 0.087
4 407 227 0.034 201 0.075

major contributions to biscuit baking which these three modes of heat 
transfer make. The values determined for these constants using lab scale 
equipm ent are able to be extrapolated to  band oven situations if  no 
large tem perature changes (e.g., to affect es) or air velocity changes (to 
affect h p ) are involved in going from one to the other.

To determine a value for the thermal conductivity k o f the biscuit 
bo ttom  and to determine the role o f conduction in the baking process, 
individual biscuits were heated on a ho t plate to measure conduction 
rates from support m edium to  biscuit. Tem peratures were m onitored 
by using two therm ocouples on the surface o f the ho t plate, two inside 
the biscuit at a distance 2 mm from the plate surface, and two inside 
the biscuit at a distance 5 mm from the plate surface.

For the other two modes of heat transfer considered in this m odel, a 
small laboratory electric oven was used to study the separate effects of 
radiation and forced convection when isolated from each other and 
from the effects o f conduction, and to obtain values o f the coefficients 
es and h F . The oven consisted of a small cavity fitted  with a glass 
surfaced electric heating elem ent and a fan located near the top. Bis
cuits were placed in the cavity in full view of the heating elem ent on a 
support which minimized transfer o f heat to the biscuit bottom  by 
conduction or free convection. The biscuits were heated in the oven 
with the fan off to simulate purely radiative transfer, and with the fan 
on to  simulate transfer by both radiation and forced convection.

The constants k, h F and es were calculated from these test results 
by using appropriate terms in equations [8] and [9 ]. For the radiation 
calculation using the test oven with fan off, correction was made for 
effects of free convection using dimensional equations as found in Perry
(1963).

RESULTS
FOR TESTING the separate effects of conductive heat transfer, several biscuits were heated from the bottom only using a

hot plate at each of four different hot plate settings. It was observed that bottom heating from the hot plate is sufficient to give a biscuit its normal oven spring but is not sufficient to set the structure in the raised biscuit. Approximately the bottom one-fourth of the biscuit is baked to a normal extent by conduction from the plate. The maximum biscuit heights obtained varied from 1.02-1.14 in. which represented a small but significant increase in height compared with the 1.0 in. standard for this biscuit when conventionally baked.Using the conduction portion of the heat transfer model, average values of the thermal conductivity k were calculated for each plate temperature and for depths of 2 mm and 5 mm into the biscuit bottom. In Table 1 data are given for four single trials which show thermal conductivities of about 0.04 Btu/hr ft°F for the 2 mm bottom crust layer and about 0.09 Btu/hr ft°F for the 5 mm layer with some indication of decreased thermal conductivity with increased plate temperature. The value of k likely decreases during the heating period due to the effects of the heating process which create good insulating crust or crumb structures from relatively good conducting dense dough material. This is indicated by the increase in k from 0.04 to 0.09 in going from 2 to 5 mm into the dough piece. The value of k likely increases continuously from some value less than 0.04 near the interface between the biscuit and the plate to a value of about 0.20 Btu/hr ft°F or so within the raw dough. Because the outer 2 mm of crust material appeared relatively uniform, taking the average value of 0.04 Btu/hr ft°F for the entire outer 2 mm layer is probably a reasonable assumption. Use of expressions for overall heat transfer coefficients as found, for example, in Perry (1963) indicated that conduction can be viewed as being dominated by the 0.04 value using the foregoing assumption and the fact that values for k are considerably larger for the subsequent interior layers. The value 0.041, which is the average of the first three values in Table 1, was used in the subsequent calculations of this work.In testing the separate effects of radiation and forced convection, the small test oven was run at two different heating element settings at each of three different fan settings. At a given setting of the oven heating element, the total heat transferred to a test biscuit was about the same whether or not the fan was on, but the character of the heating was significantly different. With the fan off, heat is transferred mostly by radiation and the resulting biscuits were baked to a near normal extent except that the bottoms were gummy and underbaked

Table 2—Biscuit emissivities and forced convection heat transfer coefficients in test oven

Trial
no.

Heating
element
setting

Fan
setting

Tr. 
° F

Ta.
°F

qa
Btu
per
hr

qRrb
Btu
per
hr

qFc
Btu
per
hr

qfd
Btu
per
hr es

hFe
Btu/-

h r f t 2oF

Biscuit
surface

browning

1 510 0 510 325 67.0 55.6 0 11.4 0.73 - dark
brown

2 510 low 357 329 70.4 23.0 47.4 — — 6.2 light
brown

3 510 high 313 295 68.4 14.5 53.9 — — 10.0 pale
4 435 0 435 300 56.0 47.6 0 8.4 0.97 - light

brown
5 435 low 295 267 50.6 11.6 39.0 — — 10.7 pale
6 435 high 257 240 53.1 7.6 45.5 — — 15.7 very

pale
a
bc
d
e

Heat absorbed as latent heat and sensible heat, equation [9]Using es = 0.85 except for trials 1 and 4 for which es Is calculated from qRr = q less about 15% correction for free convection Assuming qF = q - qRr for trials 2, 3, 5, 6 and qF = 0 for 1 and 4 Estimated using equations in Perry (1963) and Rohsenow and Choi (1961)Using hF = qF/As(Ta - Ts)
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F i g .  1 — S c h e m a t i c  r e p r e s e n t a t i o n  o f  b a n d  o v e n  d a m p e r  s e t t i n g s  a n d  a i r  f l o w s .  1 ,  2 ,  3 — O v e n  s e c  

t i o n s ;  T R D — t o p  r e c i r c u l a t i o n  d a m p e r s ;  B R D — b o t t o m  r e c i r c u l a t i o n  d a m p e r s ;  E D — e x h a u s t  d a m p e r s ;  

B — b a n d ;  C — n o m i n a l l y  c l o s e d  p o s i t i o n ;  O — n o m i n a l l y  o p e n  p o s i t i o n .

periment; this change caused a decrease in proportion of heat transferred by forced convection and with it a large decrease in moisture bakeout. In variable 5 the upper dampers were kept closed and the lower dampers were opened; these settings also produced decreased total heat transfer, but total heat input was sufficient to yield normal crust color and oven spring. In variable 6 the recirculation dampers were set the same as in variable 1, but the exhause dampers, which were kept in their “closed” position in all previous runs, were changed to their fully open position; this change was found to have no effect on product characteristics, total heat transfer, or heat transfer profile, but did cause a 20% increase in fuel consumption.These results indicate that the heat transfer profile is relatively stable for this oven at a given set of oven temperature settings. This is due in part to the fact that the forced convection coefficient has only a half power dependence on air velocity in the model so that large changes in air velocity only translate to modest changes in the convective heat transfer coefficient. In addition, increases in upper zone air velocity tend to increase both the ceiling temperature Tr and the air temperature Ta so that both radiation and convection increase. Changes in the lower zone air flow can modify the proportion of heat transferred by conduction slightly by changing the band temperature, but upper zone temperatures tend to blunt

these effects somewhat. In order to significantly change the heat transfer profile to the product one would probably have to change specific temperature settings along with specific 
damper settings.If the problem of a direct fired oven is considered it is necessary to consider free convection instead of forced convection, and to take account of direct radiation from flame to product in addition to radiation from refractory surfaces. The free convection contribution can be dealt with by using equations for the free convection heat transfer coefficient hf in Perry (1963) or Rohsenow and Choi (1961) among others.The term for direct radiation from flame to product can be of considerable importance depending upon the thickness of the flames which are in direct view of the product, and the flame emissivity 6f. If we consider an application such as an oven band full of biscuits in an oven which has small flames spaced a few feet apart, we might take the view factor Fsf equal to about 0.1, es nearly unity, As/Af equal to about 10, and for flames whose depths are only an inch or less, £f would be of the order 0.01 using Hottel and Broughton (1932) and Sherman (1934). These values would give a value of F s f equal to about 0.001. From equations [ 51, then, we would have

qRf = 0.001 As a (Tj - Tg).

Table 4—Band oven heat transfer profiles for biscuit baking as a function of damper settings in an indirect fired band 
oven

Trial
no.

Recirc
ulation
damper
settings3

Exhaust
damper
settings3

Percent
radiation

<qRr>

Percent
forced

convection
(qF>

Percent
conduction

<qc >

Total
q

Btu/hr

Moisture
bakeout

%

1 COO
OOO

c c c 43.9 35.1 21.0 65.2 7.40

2 O O O 
OOO

c c c 45.9 34.7 19.4 68.9 9.77

3 OOO
c  c  c

c c c 45.9 35.4 18.7 70.1 8.31

4 c c c
c c c

c c c 47.4 29.3 23.3 53.7 6.26

5 c c c
O O O

c c c 44.4 32.9 22.7 58.7 7.48

6 c o o
OOO

OOO 45.1 35.3 19.6 69.2 8.46

a C designates nominally "Closed" position; O designates the most open position.
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Using As = 0.0601 ft2 for one biscuit as used in the previous calculations and using Tf = 2000°F = 2460°R and Ts = 212°F = 672°R we get a value for qRf of about 4 Btu/hr transferred to one biscuit. This figure would be about 8 Btu/hr if Tf were 2500°F. These values compare with the total of 60-70 Btu/hr transferred to biscuits in the foregoing examples and values of around 30 Btu/hr for radiant heat transferred from refractory surfaces. Thus it would appear that direct ñame radiation would play a relatively minor roll in terms of total heat transferred in a direct fired oven, with the major radiation coming from refractory surfaces which are in turn heated by convection and radiation from the flames. However, because of the high temperature of the flame, the direct flame radiation may assume more importance than indicated by its total heat transfer rate, especially in terms of browning reactions, and hence would probably have to be considered in the overall model.
DISCUSSION

THE OVERALL RESULTS of this analysis indicate that the most important effects of the individual modes of heat transfer, at least for biscuit baking applications, may be the effect of oven spring by conduction, browning effects by radiation and drying effects by convection.The results using a hot plate to “bake” biscuits by conduction only indicated that normal biscuit heights could be obtained by supplying as little as half the total heat which is normal for baking this product if the heat is supplied by conduction. Biscuits which had no browning and very little moisture bakeout nevertheless had normal or greater than normal volumes. All heat transfer modes tend to simultaneously expand the gas in gas cells which increases volume, while drying and denaturing the dough mass which tends to set the dough and limit increase in volume. Apparently conduction from the support medium tends to act more in expanding than in setting the dough due to the gradual transfer of heat up through the entire volume of the dough, whereas convection and radiation may function more to limit volume increase due to rapid transfer of heat to the exposed biscuit surfaces which would tend to set the overall structure and limit oven spring.The most important effect of convection, especially forced convection, may be moisture removal. Convecting air tends to increase water evaporation by removing the stagnant moisture boundary layer at the evaporating surface of the product as the rate determining step in the moisture diffusion and evaporation process. The convecting air continually presents a fresh low moisture air mass to the product surface to increase tendency of moisture to migrate outward. In Table 4 the one variable which had significantly lower proportion of heat transferred by forced convection (variable 4) also had a greatly decreased moisture bakeout.Radiation, as indicated by the data of Tables 3 and 4, accounts for a large percentage of total heat transfer and is therefore likely important in all baking mechanisms. Its most important role, however, may be in surface color development. Browning reactions generally require high temperatures on exposed product surfaces and these are more likely provided by radiation than by convection because less simultaneous evaporative cooling will likely be associated with radiation than convection. The results in Table 2 indicate a considerable decrease in biscuit surface browning as the proportion of heat transferred by radiation decreases.
CONCLUSION

THESE RESULTS suggest that for many band oven applications it may be desirable to control the amount of heat supplied to the product by the individual modes of heat transfer rather than control only the total heat supplied to the prod

uct, and that a mathematical heat transfer model can be useful in estimating the magnitude of heat transfer contribution from each individual heat transfer mode.
NOMENCLATURE

Ab Area of produc: bottom  in contact with support medium, f t2 

Af Area of radiating flame surface, f t2 

Ar Area of radiating refractory surface, f t2

As Surface area o f product exposed to convection orradiation, f t2 

Cp Average heat capacity o f product, B tu/lb°F

Fsf, Esr Geom etry factors: fraction of radiation from product inter
cepted by flame or refractory surface, respectively, dimen
sionless

F sf, F sr  Overall coefficients for radiative heat transfer, dimensionless

h p , hf Heat transfer coefficients for forced and free convection, 
respectively, B tu/hr f t2°F

k Thermal conductivity o f product near surface o f support medium, 
B tu/hr ft° F

L Moisture mass loss during baking, lb 

q Total heat transferred to  or absorbed by product, B tu/hr 

q<3 Heat transferred by conduction, B tu/hr

qp , qf Heat transferred by forced and free convection, respectively, 
Btu/hr

qR (, qRr Heat transferred by radiation from flame and refractory 
surfaces, respectively, B tu/hr

T Average final product tem perature, °F  

Ta Air tem perature, °F

T b , Tb Tem perature o f support medium and product surface in 
contact with support medium, respectively, °F

Tf Flame tem perature, “F 

Tj Initial product tem perature, °F  

Tr Tem perature o f radiating refractory surface, °F 

Ts Tem perature o f product surface, °F  

At Elapsed time, hours

W Average mass of product through baking, lb

x Distance through product surface for which thermal conductivity 
is equal to k, ft

ef, er Gray body emissivity o f  flame and refractory surfaces, re
spectively, dimensionless

es Gray body emissivity of product surface, dimensionless 

a  Stefan-Boltzman constant, 0.1713 X 10 '! B tu/hr f t2oR‘1 

\ v Latent heat o f vaporization of water, 972 Btu/lb
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PREDICTING AN EQUILIBRIUM STATE VALUE 
FROM TRANSIENT STATE DATA

INTRODUCTION

VALUES of many biological, chemical, or physical factors in 
sample material change with time when reactive potential is 
applied to these factors. If this potential is time invariable, the 
rates of change in these values are progressively reduced and 
values of the factors finally reach constant. These final values 
are called the values at equilibrium state or equilibrium values. 
For example, when dehydrated food is exposed to humid air, 
it adsorbs moisture from the air. The amount of moisture 
adsorbed by the food reaches a plateau after long exposure. 
This is usually called the equilibrium moisture content of the 
food.

Equilibrium values of various factors are frequently re
quired for kinetical analyses of various processes. For example, 
a number of survivors in a biological population at an equilib
rium state is required for analyzing its growth or death dy
namics (Meadows et al., 1972). Equilibrium moisture is needed 
for determining mass diffusivity of sample material or for pre
dicting the rate of moisture sorption (Chen and Johnson, 
1969; Chu and Hustrulid, 1968; Crank, 1964; Del Valle and 
Nickerson, 1967; Hamdy and Barre, 1969; Satterfield et al.,
1971). An equilibrium reaction rate is required for analyzing 
the mechanisms of enzymic reactions (Reiner, 1959). The 
maximum rates of photosyntheses are used for evaluating vari
ous treatments on plant growth (Devlin, 1969). Mature body 
weights are used for analyzing animal growth processes (May
nard and Loosli, 1969).

The determination of an equilibrium value is time consum
ing when transient state values slowly converge to an equilib
rium state and this determination is almost impossible when 
sample material deteriorates biologically, chemically and/or 
physically during experimentation. In the present investiga
tion, a mathematical procedure was developed for the fast 
determination of equilibrium values by using transient state 
data.

DEVELOPMENT OF FORMULAE

A  N U M B E R  o f  t r a n s i e n t  a n d  e q u i l i b r iu m  s t a t e  d a t a  f o r  v a r io u s  b io lo g i 
c a l ,  c h e m ic a l ,  o r  p h y s ic a l  p r o c e s s e s  w e re  c o l l e c t e d  f r o m  p u b l i s h e d  l i t e r 
a tu r e  a n d  f r o m  e x p e r i m e n t a l  d a t a  o b t a i n e d  in  o u r  l a b o r a t o r y .  T h e  c a r e 
f u l  e x a m i n a t i o n  o f  t h e s e  d a t a  r e v e a le d  th e  f o l l o w in g  r e l a t i o n s h ip .  A  
m a jo r  p o r t i o n  o f  t h e  f o l l o w in g  c u rv e  m a y  b e  a p p r o x i m a t e d  w i th  o n e  o r  
m o r e  s t r a ig h t  l in e  s e g m e n ts :  T h e  c u rv e ,  w h ic h  is  o b t a i n e d  b y  p l o t t i n g  
th e  c o m m o n  lo g a r i t h m s  o f  d i f f e r e n c e s  b e tw e e n  t r a n s i e n t  a n d  e q u i l i b 
r iu m  s t a t e  v a lu e s  o f  a  f a c t o r  a g a in s t  v a lu e s  o f  a n  i n d e p e n d e n t  v a r ia b le ,  
F ig u r e  1.

T h e  p r e s e n t  p r o c e d u r e  w a s  d e v e l o p e d  b y  a p p ly in g  th e  o b s e r v e d  r e la 
t i o n s h ip  o n  t r a n s i e n t  a n d  e q u i l i b r iu m  s t a t e  d a t a .  F o r  c o m p u t a t i o n a l  
s im p l ic i ty ,  w e  a s s u m e  t h a t  t r a n s i e n t  s t a t e  v a lu e s ,  y ,  o f  a  f a c t o r  in  s a m 
p le  m a te r i a l  a r e  g iv e n  a t  u n i f o r m  in te r v a l s  o f  a n  i n d e p e n d e n t  v a r ia b le ,  t .

T h e  fo l lo w in g  e q u a t i o n s  a r e  o b t a i n e d  f r o m  a n y  th r e e  s u c c e s s iv e  y  
v a lu e s  in  a  s t r a ig h t  l in e  s e g m e n t  o n  t h e  c u rv e .

•y í—i -  y e i =  b  ■ 1 0  _tF f / s [1 ]

Yi- yei =  b  • i o _ t i /s [ 2 ]

Yi+i - yel =  b  • I 0 _ti + l / s [ 3 ]

A ll  s y m b o ls  u s e d  a r e  d e f in e d  in  t h e  n o m e n c l a t u r e .  I n  t h e  a b o v e  
e q u a t io n s ,  b ,  s  a n d  y e  a r e  u n k n o w n .  A m o n g  th e s e  u n k n o w n s ,  y e  r e p r e 
s e n t s  a n  e q u i l i b r iu m  s t a t e  v a lu e  o f  y .  T h i s  v a lu e  m a y  b e  e s t i m a t e d  b y  
s o lv in g  t h e  a b o v e  e q u a t i o n s  s im u l ta n e o u s ly .

S =  D/ 1 lo g ,  0 ( ( y ,  -  y i - i ) / ( y i+ 1  -  y ¡ ) ]  j [ 4 a ]

b =  (Vi -  yi_ 1)/[10’ti- l /s ( 10 -D /S  -  1)] [4b]

ye = y t  -  b • 1 0 -‘i/S [ 4 c ]

APPLICATION OF FORMULAE

IT IS MOST LIKELY that transient state y values are not 
determined at uniform intervals of t. In this case, y values for 
evaluating an equilibrium value by the proposed procedure are 
obtained as follows:
(1) Plot y values against t values on regular graph paper with 

square grids.
(2) Find a curve to represent accurately points plotted on the 

paper through the application of a least square method or 
through visual inspection.

(3) Obtain y values from this curve at uniform intervals of t. 
A ye value may be determined entering these y values into

Equations 4a, b and c. Trial calculations reveal that the above 
stated procedure should be applied to y values even when they 
are determined at uniform intervals of t since each y value 
determined has experimental or other errors.

<D
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Equations 4a, b and c were applied to 
a number of transient state data available 
in order to obtain additional conditions 
which should be satisfied for accurate 
prediction of ye values. Equilibrium val
ues predicted by Equations 4a, b and c 
were carefully examined and compared 
with those obtained experimentally. This 
comparison revealed that the following 
four requirements should be satisfied in 
order to predict accurately ye value.
(1) There should be the following rela

tionship among values to be used for 
predicting ye values

(Yi -  yi— i)/(yi+i -  y \ ) ^  l

(2) A value of D should be less than one- 
third of an s value, which is esti
mated by Equation 4a.

(3) There should be at least two and one- 
half significant digits in each of these 
two differences: y; — yj— i and y,+ i 
— y;. (In this paper, two and one- 
half significant digits signify that the 
least significant digit is rounded to 
the nearest 0, 5, or 10.)

(4) Transient state y values should be 
collected until the following condi
tion is satisfied.

(yi+ 1  -  Yi) • D~ 0.2 • Rmax [6 ]

Equation 5 represents nonlinearity of 
three successive data points plotted with 
Cartesian coordinates. The rate of change 
in y values, R, becomes maximum when t 
is close to zero. This rate gradually ap
proaches zero with an increase in t values 
after it reaches maximum. Therefore, 
there is no ambiguity in finding y values 
which satisfy Equation 6 .

The developed procedure was applied 
to transient state values of various factors 
for estimating their equilibrium values. 
Table 1 shows typical results on this esti-

Table 2 —Transien t state data used in sample 
p rob lem —M ois tu re  adsorp tion  by  n o n fa t m ilk  
powder

Rate o f m o isture

T im e M o is tu re Rate
(hr) (% d ry  basis) (% hr) R atio

0 2.29 3.6 1.00
2 9 .49

2.4 0.67
4 14.15

1.6 0.44
6 17.25

1.2 0.33
8 19.55

1.1 0.31
10 21 .70

0.8 0.22
12 23 .30
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mation. The errors of equilibrium values predicted by the de
veloped procedure are less than 5%.

Sample calculations
A sample problem is presented for predicting ye values us

ing the proposed procedure.
Dehydrated nonfat milk powder purchased at a local mar

ket was exposed to 75.5% RH 23°C air. Moisture sorption data 
determined are shown in Figure 2. Transient state moisture 
contents of the sample were recorded from the curve shown in 
this figure at 2-hr intervals (Table 2). A ratio of the current 
and maximum rates of changes in the moisture contents be
came approximately equal to 0.2 at 12 hr of exposure. There
fore, the last three sorption data in Table 2 were used to 
predict an equilibrium moisture content of sample material by 
using Equations 4a, b and c. We noted that there were three 
significant digits in the differences between each of two adja
cent moisture data selected. Therefore, an s value was esti
mated by equation 4a.

S = 2.00/ |log, o [(21.70 -  19.55)/(23.30 -  21.70)] j 

=  15.59 (hr)

Since the present D value, 2.0, was less than one-third of this s 
value estimated, we continued our calculations.

b = (21.7 -  19.5)/[10'8/ 15 S 9  (io  2 / 1 5  5 9  -  1)]
~  -  27.40 (hr)

ye = 21.7 — (—27.40) • 10' 1 0 / 1 5 - 5 9  ~  27.95% dry basis

An equilibrium value determined experimentally is equal to 
27.5% dry basis.

DISCUSSION & CONCLUSION

THERE ARE several procedures published for quickly deter
mining equilibrium moisture contents of dehydrated food 
(Bosin and Easthouse, 1970; Lendrock and Proctor, 1951). 
These procedures estimate accurately the moisture contents. 
However, they require special instrumentation and they are

Fig. 2 —Transient state sorption data o f nonfat milk pov/der exposed to
75.5% RH. 2 3 °Cair.

not applicable for determining equilibrium values of other fac
tors. The proposed procedure needs no special equipment and 
is applicable to predict equilibrium values of various biological, 
chemical and physical factors.

As shown in Table 1, transient state data were collected up 
to those t values, which were equal to or less than 50% of te 
values in order to satisfy the requirements. In other words, the 
proposed procedure determines ye values with less than 50% 
the time effort when compared with conventional procedures 
for determining these values.

According to trial calculations, the proposed procedure pre
dicts ye values even when the slope value, s, of a semilogarith- 
mic curve changes within three successive y values selected for 
this prediction.

We tend to select a small D value for accurately estimating a 
ye value. However, the selection of a too small D value leads to 
a poor estimation of equilibrium values since this selection 
likely results in the following situations:
(1) Equation 5 is satisfied by y values selected.
(2) There are less than two and one-half significant digits in 

the differences of y values given in Equation 4a.
Therefore, a proper D value should be carefully selected for 

each set of transient state data.
There are most likely errors in y values determined through 

experimentation. A formula, Equation 7, for estimating an 
error of a ye value, which was predicted by using these y 
values, was derived through the calculation of a total differ
ential (Schelkunoff, 1965).

lAye l < l A y j l + l b l * r j '  10"*i/s • |i + 2t,/D

[7]
+ ----— lh 1—  • It, - 10-‘i/s -ti., • 10ti-i/sl|

D* IVi+i -y ,  l f

where

1? = 2- I Ay, I/ lyi+1 -  y,l [7al

An example for using Equation 7 is given below. An error 
in a ye value owing to rounding the least significant digit was 
estimated by using data shown in Table 2. Moisture contents 
of this problem were obtained by rounding the fourth digits 
after the decimals to the nearest 0 or 10. Therefore, we esti
mated as follows:

I Aye I <0.005 + 27.40 x - L  x lO 1 0 / 1 5 - 5 9  j l  + 2  x 1 0

160 2

+ ____ 2  x 2 7 -4 ____  x I 1 0  x io -i ° / 1 5 - 5 9

2 x (23.30 -  21.70)

- 8  x lO 8 / 1 5 - 5 9  l} ~  0.55% dry basis

According to the previous calculation, a difference between 
the experimental and predicted ye values is 0.5% dry basis. 
The round off is a major reason for this difference.

The proposed procedure was developed by assuming that a 
major portion of a semilogarithmic curve consists of one or 
more straight lines. This assumption is satisfied by the tran
sient state data for many biological, chemical and physical 
processes. However, data should be carefully examined for the 
applicability of the proposed procedure. This examination is 
accompoished by calculating a rate of change in y values at 
each of the uniform t intervals. If this rate decreases progres
sively with increase in t values, the proposed procedure may be 
used to estimate a ye value.

In conclusion, a procedure was developed for predicting an
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equilibrium value from transient state data, which satisfies 
several requirements. This procedure predicts equilibrium 
values fairly accurately according to computational experi
ments which were conducted by using various data available.

NOMENCLATURE
b C onstant estim ated  by E qu ation  4b . T h is con stan t represents an 

in tercep t co effic ie n t o f  a line segm ent o f  a sem ilogarithm ic curve
(Fig- 1).

D U niform  intervals o f  t , at w hich y values are estim ated ,

i A rbitrary integer

R  R ate  o f  changes in y  values for unit change in t value. T h is rate 
represents a slope o f  a curve, w hich is obtain ed  by plottin g t ~  y 
data in Cartesian coord inates.

s C onstan t estim ated  by E qu ation  4 c . T h is co n stan t represents a 
value o f  t, which is required fo r a line segm ent o f  a sem ilogarith
m ic curve to traverse one log cycle  (F ig . 1). 

t V alue o f  independent variable

y V alue o f  dependent variable

?7 V alue estim ated  by E qu ation  7a

A E rror o f  a value, which is represented by a sym bol placed after A 

Subscripts
e Equilibrium  state
m ax M axim um  value

i— 1, i, i+ 1 . Th ese subscripts represent the ith , i +  1st, and 1 +  2nd 
values o f  t or y , respectively.

x  A rbitrary  value
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EVALUATION OF THERMAL PROCESSES FOR CONDUCTION 
HEATING FOODS IN PEAR-SHAPED CONTAINERS

INTRODUCTION
MODERN PROCESS calculation theory is based on rate proc- 
essses encompassing the whole container volume which neces
sitates a complete understanding of the heat transfer for foods 
heating by conduction. Stumbo (1948) suggested that the 
location of greatest probability of survival of a thermal process 
was not the point of greatest temperature lag, and developed a 
graphical procedure (1949) for integrating the probabilities of 
bacterial survival at all locations in the container. Hicks
(1951), Gillespy (1951) and Stumbo (1953) developed mathe
matical methods for process evaluation that incorporated this 
concept of integrated lethality throughout the container.

Recent literature on food process evaluation contains sev
eral examples of computer applications. Teixeira et al. (1969) 
presented a computer program for process evaluation based on 
a finite difference approximation of the heat conduction equa
tion, which featured considerable flexibility. Processes having 
nonuniform initial spore and temperature distributions could 
be evaluated. Similarly, the final viable spore distribution 
could be determined; this method supported the theory of 
Stumbo (1948).

There has been some interset in utilizing the synergistic 
effect obtained from consecutive combined thermal and irradi
ation processes. For this, each individual method of process 
evaluation must be able to accept and produce nonuniform 
spore distributions. Purohit et al. (1971) evaluated the thermal 
portion of processes with a numerical solution similar to that 
of Teixeira et al. (1969).

The previously mentioned literature is pertinent only to 
foods processed in cylindrical containers. A very limited 
amount of literature discusses process calculations for foods 
processed in rectangular, oval or pear-shaped containers. Al
though Manson et al. (1970) applied the concept of integrating 
the lethal effects throughout rectangular containers, foods 
processed in oval or pear-shaped containers have been re
stricted to process evaluation by the single point lethality 
concept. A theoretical and experimental analysis of food proc
essed in oval containers was presented by Iwata (1940). The 
heat conduction equation was transferred to elliptical coordi
nates (z plane) and an analytical solution was developed for 
the center point temperature history.

Schack et al. (1959) reported on the experimental deter
mination of the temperature histories for 2 1  different points 
in a pear-shaped container of ham. The F0  values of the proc
ess at the points of temperature measurement were determined 
by the formula method of Ball (1928) and the method of 
Patashnik (1953). The results indicated that process times de
rived by traditional methods (single point lethality concept) 
may provide a lethal treatment that is considerably excessive, 
hence, resulting in an overcooked product. Schack et al.

1 Present address: Carnation Research Laboratories, Van Nuys, CA 
91412

2 Present address: Dept, o f Mechanical & Aerospace Engineering, 
University o f Massachusetts, Amherst, MA 01002

(1959) also concluded that the integrated lethality concept of 
Stumbo would be applicable to this type of process.

Thus, this investigation was designed to develop a theoreti
cal model capable of predicting the temperature histories at 
any number of points (hence, integrated lethality) in a conduc
tion heating food processed in a pear-shaped container, and to 
develop a procedure whereby these processes could be evalu
ated utilizing an existing method originally designed for foods 
in cylindrical containers.

EXPERIMENTAL
T h e o r e t i c a l  c o n s id e r a t i o n s

H e a t  t r a n s f e r  in  f o o d s  h e a t in g  p r im a r i l y  b y  c o n d u c t i o n  m a y  b e  
a p p r o x i m a t e d  b y  t h e  fo l l o w in g  e q u a t i o n :

1 0 T  0 2 T  0 2 T  0 2 T

«dt  d x 2 d y 2 d z 2

F ig u r e  1 i l l u s t r a t e s  tw o  s i t u a t io n s  t h a t  m a y  o c c u r  w h e n  f in i t e  d i f 
f e r e n c e  e q u a t io n s  a re  e m p lo y e d  to  s o lv e  e q u a t i o n  ( 1 )  f o r  g e o m e t r ie s  
h a v in g  n o n r e g u la r  c u rv e d  b o u n d a r i e s .  T h e s e  s i t u a t i o n s  a r is e  w h e n e v e r  
t h e  b o u n d a r y  in t e r s e c t s  t h e  g r id  s y s te m  a t  p la c e s  o t h e r  t h a n  n o d e s .

(n  b o t h  c a s e s  t h e  p a r t i a l  e l e m e n t  o c c u r s  in  t h e  n e g a t iv e  x - d i r e c t io n  
a n d  T a y lo r  S e r ie s  a p p r o x im a t io n s  a r o u n d  n o d e  i,j  y ie ld  t h e  f o l l o w in g  
f in i t e  d i f f e r e n c e  e q u a t i o n  f o r  t h e  s e c o n d  d e r iv a t iv e  w i th  r e s p e c t  t o  x :

r j  I [~T i +  l j  ~  T j . i  +  T j - I j  -  T j j  1  2

0 x 2 | i j  L 1 + E  (1 +  E ) E  J ( A x ) 2

T h e  u p p e r  d ia g ra m  o f  F ig u r e  1 i l l u s t r a te s  t h e  c a s e  w h e r e  t h e  p a r t i a l  
e l e m e n t  o c c u r s  in  t h e  p o s i t iv e  y - d i r e c t io n .  A  T a y lo r  S e r ie s  a p p r o x i m a 
t io n  y ie ld s  t h e  fo l l o w in g  f in i t e  d i f f e r e n c e  e q u a t i o n  f o r  t h e  s e c o n d  d e r iv 
a t iv e  w i th  r e s p e c t  t o  y  (O z is ik ,  1 9 6 8 ) :

- T j j  + 1 T j j   ̂ T j j  _  ] T j j 2

i j l + F  (1 +  F ) F ( A y ) 2
(3 )

T h e  lo w e r  d ia g ra m  o f  F ig u r e  1 i l l u s t r a t e s  t h e  c a s e  w h e r e  th e  p a r t i a l  
e l e m e n t  o c c u r s  in  t h e  n e g a t iv e  y - d i r e c t io n .  S im i la r ly ,  t h e  fo l l o w in g  
e q u a t i o n  c a n  b e  d e r iv e d  f o r  t h i s  s i t u a t io n :

91T [Tij + l - T i j  , Tjj _  1 -  Tjj 1  2

0 y 2 i j  L (1  +  F ) F  l  +  F  J ( A y ) 2
(4 )

F o r  a ll  c o n d i t i o n s  E  a n d  F  a r e  d e f in e d  a s  p r o p o r t i o n a l i t y  f a c to r s  
h a v in g  v a lu e s  b e tw e e n  z e r o  a n d  o n e .

T h e  r a t e  o f  b a c t e r i a l  d e s t r u c t i o n  a s  a  f u n c t i o n  o f  t e m p e r a t u r e  h a s  
b e e n  e x p r e s s e d  b y  th e  fo l l o w in g  e q u a t i o n  (B a ll ,  1 9 2 8 ) :

„  , , T  -  T x
R  =  lo g ’ 1 ~ i ------ (5 )

w h e re  R  =  d e s t r u c t iv e  r a t e  ( m i n -1 ) ;  T  =  t e m p e r a t u r e  ( ° F ) ;  T x  =  r e f e r 
e n c e  t e m p e r a t u r e  ( 2 5 0 ° F  f o r  m o s t  s t e r i l i z a t i o n  p r o c e s s e s ) ;  a n d  z  =  in -
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X-Z PLANE

K

Fig . 1—G r id  sys te m  fo r  c u rv e d  b o u n d a ry . Fig. 2 —G r id  sys tem  fo r  pe a r-sh ape d  c o n ta in e r .

v e rse  s lo p e  o f  t h e r m a l  d e s t r u c t i o n  c u r v e - n u m e r i c a l l y  e q u a l  t o  t h e  
n u m b e r  o f  F a h r e n h e i t  d e g re e s  ( F ° )  r e q u i r e d  f o r  t h e  t h e r m a l  d e s t r u c t i o n  
c u rv e  t o  t r a v e r s e  o n e  lo g  c y c le .

I n t e g r a t i o n  o f  t h e  l e t h a l  r a t e  e q u a t i o n  o v e r  a  p e r io d  o f  t im e  f o r  a  
g iv e n  p o i n t  y ie ld s  t h e  F  v a lu e  o f  h e a t  a t  t h a t  p o in t .

F a = I  lo g '
T -  T x

d t (6 )

w h e re  F ^  = th e  e q u iv a l e n t ,  in  m i n u t e s  a t  s o m e  g iv e n  r e f e r e n c e  t e m p e r a 
t u r e  ( u s u a l ly  2 5 0 ° F )  o f  a l l  h e a t  c o n s id e r e d ;  a n d  t  =  t im e  (m in ) .

T h e  f in a l  c o n c e n t r a t i o n  o f  v ia b le  s p o r e s  ( o r  f i r s t  o r d e r  r e a c t a n t ) ,  a t  
th i s  g iv e n  p o i n t ,  c a n  b e  d e t e r m i n e d  f r o m  t h e  f o l l o w in g  e q u a t io n  
( S tu m b o ,  1 9 4 8 ) :

F \  =  D r  ( lo g  a  -  lo g  b )  (7 )

w h e r e  a  =  i n i t i a l  c o n c e n t r a t i o n  ( p r e v io u s  t o  h e a t  t r e a t m e n t )  p e r  u n i t  
v o lu m e ;  b  =  f in a l  c o n c e n t r a t i o n  p e r  u n i t  v o lu m e ;  a n d  D r  =  t im e ,  in  
m in u te s  a t  r e f e r e n c e  t e m p e r a t u r e ,  f o r  9 0 %  r e d u c t i o n .  (A  r e f e r e n c e  t e m 
p e r a t u r e  o f  2 5 0 ° F’ w a s  e m p lo y e d  in  t h i s  s t u d y . )  H e n c e  t h e  a b s o lu t e  
e f f e c t  c a n  b e  d e t e r m in e d  b y  m u l t i p l y in g  t h e  f in a l  c o n c e n t r a t i o n  a t  a  
p o i n t  b y  t h e  v o lu m e  a s s o c i a t e d  w i th  t h a t  p o in t .

F o r  la rg e  v a lu e s  o f  t im e ,  t ,  u n d e r  c o n d i t i o n s  o f  n e g l ig ib le  s u r f a c e  
t h e r m a l  r e s i s ta n c e ,  t r a n s i e n t  d im e n s io n le s s  t e m p e r a t u r e  m a y  b e  e x 
p r e s s e d  b y :

X = je-(G7rJat/L2) (8 )

w h e r e  T  =  d im e n s io n le s s  t e m p e r a t u r e ;  j  =  la g  f a c t o r ;  G  = g e o m e t r y  
i n d e x  ( S m i th ,  1 9 6 6 ) ;  a  =  t h e r m a l  d i f f u s iv i ty ;  a n d  L  =  c h a r a c t e r i s t i c  
l e n g t h - s h o r t e s t  d i s ta n c e  o v e r  w h ic h  t h e  g r e a t e s t  t e m p e r a t u r e  g r a d ie n t  
e x i s t s  d u r in g  t r a n s i e n c e  (S m i th ,  1 9 6 6 ) .  T h e  f j ,  v a lu e  h a s  b e e n  p r e v io u s ly

d e f in e d  b y  s e v e ra l  a u t h o r s  a s  t h e  r e c ip r o c a l  o f  t h e  s lo p e  o f  t h e  s e m i lo g  
te m p e r a tu r e - d i f f e r e n c e  v e r s u s  t im e  p l o t .  H e n c e  t h e  v a lu e  G  c a n  b e  d e 
t e r m i n e d  f r o m  th e  s e m i lo g  t e m p e r a t u r e - d i f f e r e n c e  v e r s u s  t i m e  r e l a t i o n 
s h ip .

G (9 )

T h e  g e o m e t r y  i n d e x  o f  a  f i n i t e  c y l in d e r  ( d i a m e te r  g r e a t e r  t h a n  h e ig h t )  
in  t e r m s  o f  i t s  s ig n i f i c a n t  d im e n s io n s  ( S m i th ,  1 9 6 6 )  m a y  b e  r e p r e s e n te d  
b y :

G  = ( 1 0 )

w h e r e  a  = r a d iu s ;  b  = h a l f  h e ig h t ;  a n d  L  =  c h a r a c t e r i s t i c  l e n g th  ( e q u a l  
t o  b ) .  H e n c e  t h e  d im e n s io n s  o f  a  c y l in d e r  f o r  a  g iv e n  G  a n d  c h a r a c t e r 
i s t i c  l e n g th  c a n  b e  d e t e r m i n e d  f r o m  e q u a t i o n  1 0 .

Development of model
A  s t a b l e  r e v e r s e  s w e e p  ( a l t e r n a t in g - d i r e c t io n )  e x p l i c i t  t e c h n i q u e  f o r  

i n t e g r a t i n g  f i n i t e  d i f f e r e n c e  e q u a t i o n s  w a s  p r e s e n te d  b y  A l la d a  a n d  
Q u o n  ( 1 9 6 6 ) .  A p p l i c a t i o n  o f  t h i s  t e c h n i q u e ,  u t i l i z in g  th e  a p p r o p r i a t e  
e q u a t i o n s  ( 1 )  t o  (4 ) ,  t o  a  g r id  c o n f ig u r a t io n  s im i la r  t o  F ig u r e  2 y ie ld s  
t h e  f o l l o w in g  d i f f e r e n c e  e q u a t i o n  f o r  i n t e g r a t i o n  in  t h e  f o r w a r d  d i r e c 
t i o n :

T n + Î =  V I1J ,K [Tü,k +p/E(Tr-ù ,k) +p(Tr+1,i,k - Tü ,k)

+Q|(T-H ,k) + Q2,T-j+i,k - T"i,k) 

+ S (Tu l - l  “ TU,k + TU,k+l)]

(11)
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w h e r e  P  =  2 a  A t / ( A x ) 2 (1  +  E ) ; Q  =  2o A t / ( A y ) 2 (1 +  F ) ;  S  =  a  A t / ( A z ) 2 ; 
n  =  s u p e r s c r ip t  d e n o t i n g  t im e  le v e l ;  a n d  i j , k  =  s u b s c r ip t s  d e n o t in g  g r id  
l o c a t io n s .

A t a n y  n o d e  in  t h e  u p p e r  p o r t i o n  o f  t h e  o b j e c t  in  F ig u r e  2 :

V I  = 1
1 +  P / E  +  Q / F  +  S

(1 2 )

Q 1  =  Q / F (1 3 )

Q 2  =  Q ( 1 4 )

A t  a n y  n o d e  in  t h e  lo w e r  p o r t i o n  o f  t h e  o b j e c t  in  F ig u r e  2 :

V 1  _  1 +  P /E  +  Q  +  S
(15)

Q 1  =  Q ( 1 6 )

Q 2  =  Q /F ( 1 7 )

A s im ila r  d e r iv a t io n  y ie ld s  t h e  f o l l o w in g  d i f f e r e n c e  e q u a t i o n  f o r  i n t e g r a 
t i o n  in  t h e  r e v e r s e  d i r e c t i o n :

xr;,L = v 2  [ T ü , k + p / £  r r "  u , k  -  T ü , k > + p  < C i , k >

+  (;)1 ( T u - i , k - - T a k ) + Q 2 r r ü r l , V

+ S ( T U , k - l  T U ,k  +  T - k l l > ]
(1 8 )

A t a n y  n o d e  in  t h e  u p p e r  p o r t i o n  o f  t h e  o b j e c t  in  F ig u r e  2 :

V2 = 1
1 + P + Q + S

(1 9 )

o 11 o ( 2 0 )

Q 2  = Q (2 1 )

A t  a n y  n o d e  in  t h e  l o w e r  p o r t i o n  o f  t h e  o b j e c t  in  F ig u r e  2 :

V 2  = 1
1 + P  +  Q / F  +  S

(2 2 )

Q 1  =  Q (2 3 )

Q 2  =  Q / F (2 4 )

C o m p le t e  d e r iv a t io n  o f  e q u a t io n s  ( 1 1 )  t h r o u g h  ( 2 4 )  a r e  b e y o n d  th e  
s c o p e  o f  t h i s  p a p e r - o n l y  a  b r i e f  d e s c r ip t i o n  o f  m e t h o d s  c a n  b e  g iv e n . A  
F o r t r a n  IV  c o m p u t e r  p r o g r a m  w a s  w r i t t e n  u t i l i z in g  th e  a p p r o p r i a t e  
c o m b in a t io n s  o f  e q u a t i o n s  ( 1 1 )  t h r o u g h  ( 2 4 )  a s  d e m a n d e d  b y  t h e  lo c a 
t i o n  o f  t h e  p a r t i c u l a r  n o d e s .  S in c e  s y m m e t r y  e x i s t s  in  t h e  x  a n d  z 
d i r e c t i o n s  o n ly  o n e  q u a r t e r  o f  t h e  o b j e c t  w a s  e n c o m p a s s e d .

I t  w a s  n o t e d  t h a t  a l l  n o d e s  m o r e  t h a n  o n e  A in  f r o m  t h e  s u r f a c e  
b o u n d a r y  th e  v a lu e s  o f  t h e  p r o p o r t i o n i n g  f a c to r s ,  E  a n d  F ,  w e re  u n i ty .  
T h u s ,  in  a d d i t i o n  t o  t h e  n o r m a l  b o u n d a r y  c o n d i t i o n s ,  i t  w a s  n e c e s s a ry  
t o  i n p u t  a  c o d in g  a n d  t h e  c o r r e s p o n d in g  p r o p o r t i o n i n g  f a c to r s  f o r  t h e  
f i r s t  n o d e s  in s id e  t h e  s u r f a c e  b o u n d a r y  o f  t h e  x -y  p la n e .  T h e s e  d a t a  
w e re  a c q u i r e d  b y  t r a c in g  th e  s u r f a c e  b o u n d a r y ,  a s s ig n in g  a  g r id  n e t 
w o r k ,  a s  in  F ig u r e  2 , a n d ,  n o t i n g  th e  n o d e  a n d  in c r e a s in g  th e  c o r r e 
s p o n d in g  p r o p o r t i o n i n g  f a c to r s  a s  in  F ig u r e  1 . T h e  c o d in g  a n d  p r o p o r 
t i o n in g  f a c t o r s  w e r e  d e t e r m in e d  f o r  t h e  fo l l o w in g  g e o m e t r ie s :

( i)  6 .0 6  d i a m e te r  c y l in d e r
( ii )  3 .8 8  X 5 .7 3  p e a r - s h a p e d  c o n ta in e r
( ii i)  5 .2 5  X 7 .6 2  p e a r - s h a p e d  c o n t a i n e r  I n s id e  b a s e
( iv )  6 .2 0  X 9 .1 5  p e a r - s h a p e d  c o n ta in e r  d im e n s io n s
(v ) 7 .3 8  X 1 0 .5 5  p e a r - s h a p e d  c o n t a i n e r  ( in . )

T h e  t e m p e r a t u r e  d e p e n d e n t  l e th a l  r a t e s  ( a c tu a l ly  a n y  f i r s t  o r d e r  
k in e t i c )  w e re  d e t e r m i n e d  b y  a p p ly in g  t h e  I m p r o v e d  G e n e r a l  M e th o d  o f  
S t u m b o  ( 1 9 7 3 )  t o  e a c h  n o d e  in  t h e  c o n ta in e r .  A t  e a c h  t im e  s te p  t h e  
l e th a l  r a t e  w a s  d e t e r m i n e d  a s  a  f u n c t i o n  o f  t e m p e r a t u r e  ( e q u a t i o n  5 ) .

T h e  a r e a  u n d e r  t h e  c u rv e  w a s  f o u n d  b y  m u l t i p l y in g  t h e  l e t h a l  r a t e  b y  
t h e  t im e  s t e p  A t  a n d  s u m m in g  th e m  f o r  e a c h  n o d e  lo c a t i o n  t h u s  y i e ld 
in g  a n  F  v a lu e  ( s t e r i l i z a t i o n  F )  f o r  e a c h  n o d e .  T h e  f in a l  c o n c e n t r a t i o n  
( p e r  u n i t  v o lu m e )  a t  e a c h  n o d e  w a s  d e t e r m i n e d  f r o m  e q u a t i o n  ( 7 ) .  T h e  
in t e g r a t e d  l e t h a l  e f f e c t  w a s  d e t e r m i n e d  b y  m u l t i p l y in g  t h e  f in a l  c o n c e n 
t r a t i o n  t im e s  t h e  v o lu m e  o f  t h e  c o n t a i n e r  a s s o c i a t e d  w i th  i t  a n d  s u m 
m in g  t h r o u g h o u t  t h e  c o n ta in e r .  T h is  w a s  e a s i ly  a p p l i e d  in  a l l  a re a s  
e x c e p t  n e a r  t h e  c u r v e d  b o u n d a r y  w h e re  t h e  v o lu m e  e l e m e n t s  h a v e  
v a r ie d  s h a p e s .  T h e  d e s t r u c t iv e  e f f e c t s  in  t h e s e  a r e a s  w e re  e v a l u a t e d  b y  
a v e ra g in g  t h e  f in a l  c o n c e n t r a t i o n s  o f  a l l  t h e  a d j a c e n t  n o d e s  a n d  m u l t i 
p ly in g  th i s  a v e r a g e  b y  t h e  d i f f e r e n c e  b e t w e e n  t h e  t o t a l  v o lu m e  o f  t h e  
c o n t a i n e r  a n d  t o t a l  o f  t h e  r e g u la r  s h a p e d  c o n ta in e r s .  S in c e  t h e  t o t a l  
v o lu m e  o f  t h e  c o n ta in e r  w a s  r e q u i r e d  f o r  p r e d i c t i o n  o f  t h e  i n t e g r a t e d  
d e s t r u c t iv e  e f f e c t s ,  t h e  a r e a s  o f  x -y  t r a c e s  o f  t h e  c o n t a i n e r  s tu d i e d  w e re  
d e t e r m in e d  b y  p l a n im e te r  ( e ig h t  r e p l ic a te s ) .

RESULTS & DISCUSSION
THE ACCURACY of the numerical model was investigated by 
comparison with results obtained from analytical solutions for 
finite cylinders. The appropriate node codings and proportion
ing factors for 603 diameter cylinders of five different heights 
were employed as boundary conditions for the numerical 
model. Radial and axial temperature distributions were calcu
lated for various elapsed times following imposition of a 90°F 
step change on the surface temperature.

The temperature distributions from the model and the ana
lytical solution (Hayakawa, 1964) compared favorably for all 
five cylinders. The maximum deviation occurred at the geo
metrical center. In the taller three cylinders, this deviation 
ranged from 0.03—0.05F0 or less than 0.1% of the 90F° step 
change. An error of 0.2% was noted for distributions of the
6.06 x 2.38 cylinder which was the case giving the least agree
ment of the five studied.

Center point temperature histories were also generated 
using the numerical model. The fh value of each heating curve 
was determined by a least squared semilog regression analysis 
of the straight line portion; lag factors (jh) were also deter
mined. Theoretical fj, and jh values were calculated from equa
tions of Olson and Jackson (1942). Table 1 lists the compari
sons of fh values and jp, factors. It is noted that the differences 
in the fh values are generally greater in the flatter containers. 
Since the regression analysis program (Manson, 1971) meas
ures the line of best fit (not the asymptote or tangent) the 
differences observed for the two methods are more than likely 
due to the method of measuring the fp, and jh values of the 
computer solution. Thus, these differences were not consid
ered significant.

Similarly, lethality predictions for cylindrical container 
processes, as calculated by the numerical model, were com
pared with those determined by other methods. Table 2 con
tains a comparison of the lethality predictions obtained by the 
computer model (three dimensional) with those obtained by 
the method of Teixeira et al. (1969). It is noted that as with 
the temperature history comparisons above, the greater differ
ences occur in the examples calculated for the flatter cylin
ders.

Table 1—C om pute r m odel com pared w ith  an a ly tica l s o lu t io n —fh  
values and jh  fac to rs

C onta iner
size A n a ly tica l so lu tio n  C o m p u te r m odel

(cy linders)______________fh ___________ ih  *h  Jh

6.06 X 1.50 32.1 1.91 33.0 1.82
6.60 X 2.38 67.8 2.04 68.5 2.04
6.06 X 3.50 112.1 2.04 112.2 2.04
6.06 X 4.38 140.6 2.04 140.9 2.04
6.06 X 4.82 152.6 2.04 152.9 2.04
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A similar trend is noted in the comparisons with the modi
fied Stumbo method (Table 3). Excellent agreement is ob
served in the taller two cylinders (Dl, D2, E l, E2). Examples 
A2, B2 and C2 (for Dr = 3.2, z = 14F°) do not indicate any 
great difference between the methods. For a Dr = 1.0 and z = 
8 F° (cases A l, Bl, Cl), the differences appear to be quite 
significant but these results are distorted since the sensitivity 
of the kinetics is far greater than would ever be experienced in 
practical applications. In examples Al and Bl, the differences 
between the methods are less than the effect of one-half a 
minute change in process time. A comparison of the survivors 
calculated by the method of Teixeira et al. (1969) (Table 2) 
with the results in Table 3 illustrates the sensitivity of the 
kinetics, since for most practical applications the methods of 
Teixeira et al. (1969) and Jen et al. (1971) have been consid
ered to compare satisfactorily.
Process calculations for 
pear-shaped containers

Thermal process calculations (with the numerical model) 
were made for several different sizes of pear-shaped containers. 
A mesh spacing of 0.25 in. and a time increment, At, of 1.0 
min were found to be the most efficient. The additional com
putation time required by a smaller time step as mesh spacing 
was not justified by improved accuracy. A thermal diffusivity

of 0.0143 in2/min (Stumbo, 1973) was assumed as a typical 
example. Comparison between Fs (integrated) and the cor
responding Fc (cold spot single point) lethalities are shown in 
Table 4. It is noted that integrated Fs values exceed Fc values 
(by more than 50%) for several of the sample problems, con
firming the hypothesis of Schack et al. (1959).

Several of the examples in Table 4 illustrate the evaluation 
of the temperature dependent degradation of a nutrient or 
organoleptic quality factor (Dr = 154; z = 46), which could 
not have been accomplished utilizing the “single point” con
cept. Since the three dimensional numerical model (applied to 
cylindrical geometry with appropriate approximations) was 
able to predict temperature histories, lethalities and nutrient 
retentions that concurred with previously accepted methods 
(for two dimension geometry) it is inferred that the model can 
predict the same for pear-shaped geometries. The model can be 
extended to perform similar calculations for almost any shape. 
In addition, since the logarithmic destruction of bacteria is 
analagous to a first order kinetic reaction, any temperature 
dependant reaction or degradation that follows first order 
kinetics could be evaluated. In fact, the model can be easily 
modified to integrate the effects of any reaction providing the 
kinetics are expressed algebraicly as a function of time and 
temperature.

Table 2—Computer model compared with Table 3—Computer model compared with modified method of Stumbo (1973)—Lethality
model of Teixeira et al. (1969)—Lethality predictions
predictions_________________________________  Computer _______________ Modified Stumbo

Code
Predicted probable no. of survivors

Code
model Theoretical Empirical

Computer model Teixeira model Fs Survivors Fs Survivors Fs Survivors
A1 0.0000046 0.000015 A1 9.29 0.0000046 9.79 0.0000016 9.03 0.0000083
A2 0.031 0.047 A2 17.5 0.031 18.0 0.020 17.17 0.039
B1 0.047 0.051 B1 5.29 0.047 6.15 0.0064 5.87 0.012
B2 0.20 0.22 B2 14.9 0.20 16.1 0.081 15.7 0.11
C1 0.0095 0.011 C1 5.98 0.0095 6.56 0.0025 6.53 0.0026
C2 0.015 0.016 C2 18.5 0.015 19.5 0.0074 19.4 0.0077

D1 0.0015 0.0015 D1 6.78 0.0015 6.88 0.0012 6.81 0.0014
D2 0.0019 0.0019 D2 21.4 0.0019 21.4 0.0018 21.3 0.0020

El 0.17 0.18 E1 4.67 0.19 4.66 0.20 4.62 0.22
E2 0.046 0.045 E2 16.9 0.045 16.8 0.051 16.7 0.055

Table 4—Sample evaluation of foods processed in pear-shaped containers 

Values of parameters
Container % Reten-

size T a 1 r T ib a Bc Dr z Fs Fc tion

400 X 512 X 114 235 40 1000 45 0.2 14 1.63 1.38 -
400 X 512 X 114 235 40 1000 50 1.0 14 4.36 2.87 -
400 X 512 X 114 235 40 100 60 154 46 - - 75.6

506 X 710 X 301 250 160 100 105 1.0 8 2.90 1.69 -
506 X 710 X 301 240 40 100 120 154 46 - - 59.2

606 X 904 X 312 250 130 100 200 154 46 - - 17.3
606 X 904 X 312 250 130 100 200 3.2 14 25.0 21.0 —

506 X 710 X 403 240 40 100 240 154 46 - - 30.6
506 X 710 X 403 250 160 100 170 3.2 14 15.5 10.4 -
506 X 710 X 403 250 160 100 170 1.0 8 4.27 2.54 -
506 X 710 X 403 250 160 100 170 154 46 - — 33.0

a Tr = retort temperature, °F 
b T j = in itia l product temperature, ° F 
c B = process time, min.
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Geometry index of a 
pear-shaped container

“Cold spot” heating curves were generated for 22 different 
pear-shaped containers by the transient temperature computer 
model developed as described earlier. A thermal diffusivity of 
0.0143 was assumed as was an initial temperature of 40°F. 
The surface temperatures were increased by a 200F° step 
change. The temperatures were truncated at four decimal 
places.

The semilog regression program was employed to determine 
the fh value of the linear portion of each heating curve. Ap
proximately 2 0  temperatures of each time-temperature history 
was included in the analysis over the temperature range from 
237—238.5°F. This small range was considered in order to 
reduce the effects of truncation error. The statistical variance 
ratio of each curve fit was greater than 1 0 s , indicating a con
fidence level above 0.99.

A geometry index, G, was calculated for each of several 
pear-shaped containers from equation (9). The geometry index 
and corresponding characteristic heat transfer length for most 
common sizes of pear-shaped containers are listed in Table 5. 
(The characteristic length of each of these containers equaled 
the inside half-height.) The geometry indices and characteristic 
heat transfer lengths can be employed, with equation (9), to 
convert heat penetration data from one pear-shaped container 
size to another.

Thermal process evaluations for 
“equivalent cylinders”

Twenty theoretical process evaluations (for five different 
pear-shaped containers) were made, first, with the numerical 
method, and secondly, by applying the modified Stumbo 
method of Jen et al. (1971) to corresponding “equivalent 
cylinders.” Dimensions of any equivalent cylinder were deter
mined by arbitrarily choosing the height to equal the charac
teristic length of the pear-shaped container and solving for the 
radius using equation (10) (and using the G value of the pear- 
shaped container). The corresponding fh value was calculated 
by the following equation (Olson and Jackson, 1942).

0.398
t h” (l/a2 + 0.427/b2)a  (25)

Heating and cooling j factors (for the equivalent cylinder) 
were estimated by the following equations (Olson and Jack- 
son, 1942).

log jh = 0.3096 [ 1 —8 .6 w (e' 1 8 -4 w + 2.5q e '2 3 <Jw)) (26)

j c = 1.27 + ( jh -  1 . 2 7 ) ^ - — '  (27)
A 1 A 2

Table 6—Pear-shaped model compared to  equivalent cylinder—Process calculation fo r a 
thermal d iffus iv ity  of 0.0143

Modified Stumbo
Computer model (equivalent cylinder)

Table 5—Geometry index G values fo r sev-
Runa
code Fs

Probable
survival

% Re
tention Fs

Probable
survival

% Re
tention

eral pear-shaped containers 2 1.63 0.0000067 1.77 0.0000016
Container Characteristic Geometry 4 4.36 0.044 4.33 0.047

size length (in.) index 15
400 X 512 X 114 0.75 .305 5 290 0.12 3.27 0.053
400 X 512 X 208 1.06 .363 12 59.2 62.3
400 X 512 X 212 1.19 .404 8 17.3 21.8
400 X 512 X 214 1.25 .421 9 25.0 0.0000016 26.3 0.0000055
400 X 512 X 304 1.44 .479 11 30.6 32.5

506 X 710 X 214 1.25 .339 17 15.5 0.0015 15.4 0.0015

506 X 710 X 301 1.35 .356 18 4.27 0.0054 4.31 0.0049

506 X 710 X 308 1.56 .394 19 23.0 22.9

506 X 710 X 314 1.75 .434 a The calculations were made based on the processes described by Manson (1971 )
506 X 710 X 401 1.85 .456
506 X 710 X 408 2.06 .507
606 X 904 X 214 1.25 .313
606 X 904 X 304 1.44 .334
606 X 904 X 308 1.56 .351 Table 7—Pear-shaped model compared to  equivalent cylinder—Process calculations fo r

606 X 904 X 312 1.69 .370 thermal d iffus iv ity  of 0.0120

606 X 904 X 408 2.06 .432 Modified Stumbo
606 X 904 X 412 2.19 .456 Computer model (equivalent cylinder)

709 X 1011 X 400 1.81 .345 Runa Probable % Re- Probable % Re-

709 X 1011 X 404 1.94 .362 code Fs survival tention Fs survival tention

709 X 1011 X 408 2.06 .377 3 5.35 0.00045 5.02 0.00095
709 X 1011 X 412 2.19 .394 13 63.4 68.0
709 X 1011 X 504 2.44 .430 14 65.1 66.0

20 36.3 37.6
10 9.95 0.043 9.92 0.049
16 7.54 0.0000029 7.69 0.0000020

1 3.67 0.022 3.50 0.031
6 14.5 0.0030 13.7 0.0051
7 5.93 0.00012 5.57 0.00026

a The calculations were made based on the processes described by Manson (1971)
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w h e re  T i = te m p e ra tu re  o f  c o o lin g  m e d iu m ; T w = te m p e ra tu re
0 .  1 in ch  fro m  w all b e fo re  co o lin g ; T 2 = in it ia l  te m p e ra tu re  
b e fo re  co o lin g ; q  = b 2 / a 2 ; a =  ra d iu s ; b = h a lf  h e ig h t;  p = log 
cy c les  f ro m  o rig in  to  p o in t  w h e re  ta n g e n t  is m e a su re d ; w  = 
p /(2 .3 4 4 q  + 1).

P ro cess v a ria b le  v a lu es w e re  ch o se n  in  th e  ran g es th a t  o n e  
w o u ld  e x p e c t to  e n c o u n te r  in  m o s t a p p lic a tio n s . H o w ev er, e x 
tre m e  v a lu es o f  c e r ta in  h ig h ly  sen sitiv e  p a ra m e te rs  w ere  e m 
p lo y ed  in  m a n y  in s ta n c e s  to  e n su re  th e  re la tio n s h ip s  d e v e lo p ed  
w ere  valid  o v e r th e  c o m p le te  ran g e  o f  in te re s t .  T h e  re su lts  o f  
20  p ro c esses  a re  g iven  in  T ab les  6 a n d  7.

I t  is n o te d  th a t  th e  v a lu es o f  F s , p ro b a b le  n u m b e r  o f  su rv i
vors a n d  p e rc e n t  r e te n t io n  ( n u t r ie n t ,  D r = 154 , z = 4 6 ) , d e te r 
m in e d  b y  a p p lic a t io n  o f  th e  m e th o d  o f  J e n  e t al. (1 9 7 1 )  to  an  
“ e q u iv a len t c y lin d e r ,”  c o m p a re  fa v o ra b ly  w ith  th o se  va lues 
d e te rm in e d  fo r  th e  c o rre sp o n d in g  p e a r-sh a p e d  c o n ta in e r  u sin g  
th e  n u m e ric a l m o d e l.

I t  is a n tic ip a te d  th a t  th e  in h e re n t  e rro rs  o f  n u m e ric a l te c h 
n iq u es  ( t r u n c a tio n  a n d  ro u n d -o f f )  c o n tr ib u te  to  th e  sligh t d if
fe re n c es  n o te d  in  th e  so lu tio n s . C lo se r a g re e m e n t is o b se rv ed  
a m o n g  th e  re su lts  i llu s tra te d  in  T ab le  7 . T h is is p ro b a b ly  a 
re su lt o f  th e  e f fe c t o n  th e  t r u n c a tio n  e r ro rs  in  th e  n u m erica l 
so lu t io n  c au sed  b y  th e  d if fe re n t  v a lu es fo r  th e rm a l d iffu s iv ity . 
T ru n c a tio n  e rro rs  in  f in ite  d if fe re n c e  so lu t io n s  fo r  tra n s ie n t 
h e a t c o n d u c t io n  a re  a fu n c tio n  o f  g rid  size, t im e  in c re m e n t 
a n d  th e rm a l d if fu s iv ity  (O z is ik , 1 9 6 8 ); th e  g rid  size an d  tim e  
in c re m e n t w ere  th e  sam e  fo r  all so lu tio n s . T h e  c h o ic e  o f  va lues 
fo r  th e se  p a ra m e te rs  is v e ry  c ritic a l. H o w ev er, fo r  p ra c tic a l 
a p p lic a tio n s  th e  a g re e m e n t b e tw e e n  th e se  m e th o d s  is c o m p a 
rab le  to  th a t  n o te d  fo r  th e rm a l p ro c ess  e v a lu a tio n  m e th o d s  as 
r e p o rte d  b y  S tu m b o  (1 9 7 3 ) ,  T e ix e ira  e t al. (1 9 6 9 ) ,  H ay ak aw a
(1 9 6 9 )  a n d  J e n  e t  al. (1 9 7 1 ) .

Significance and applications
T h erm a l p ro cesses  fo r  c o n d u c t io n  h e a tin g  fo o d s  in  th e  v a ri

o u s  p e a r-sh a p e d  c o n ta in e rs  lis te d  in  T ab le  5 c an  b e  p ra c tic a lly  
e v a lu a te d  b y  a p p ly in g  th e  “ e q u iv a le n t c y lin d e r”  c o n c e p t,  as 
p re v io u s ly  d e sc rib e d . T h e  th e rm a l d if fu s iv ity  can  be  d e te r 
m in ed  fro m  h e a t  p e n e tr a t io n  d a ta  f ro m  th e  re q u ire d  pear- 
sh a p e d  c o n ta in e r  (so lv in g  e q u a tio n  9 ), o r , it c an  b e  d e te rm in e d  
fro m  d a ta  c o lle c te d  fro m  a c y lin d rica l c o n ta in e r . H ea t p e n e tra 
t io n  d a ta  can  n o t  o n ly  be  c o n v e r te d  fro m  o n e  size to  a n o th e r  
o f  th e  sam e sh a p e d  c o n ta in e rs  b u t  f ro m  o n e  sh a p e  to  a n o th e r  
(e .g ., c y lin d rica l to  p e a r-sh a p e d )  u tiliz in g  e q u a tio n s  (9 ) , (1 0 )  
and  (2 5 ) .

T h e  n u m e ric a l m o d e l is valid  fo r  ev a lu a tin g  fo o d s  p ro cessed  
in p e a r-sh a p e d  c o n ta in e rs  a n d  c o u ld  be  m o d if ie d  to  h a n d le  
m o s t a n y  o th e r  sh a p e d  c o n ta in e r .

T h e  sam e  te c h n iq u e s  u t il iz e d  in  th is  m o d e l c o u ld  b e  u sed  to  
s im u la te  m ass t ra n s fe r  a n d  c o u p le d  p h e n o m e n a  (e .g ., d ry in g )  
in a n o m a lo u s  sh ap es; v e r if ic a tio n  w o u ld  b e  re q u ire d .

CONCLUSIONS
1. T ra n s ie n t te m p e ra tu re s  in  a c o n d u c t io n  h e a tin g  pear-

sh a p e d  o b je c t  c an  b e  p re d ic te d  b y  a n u m e ric a l m o d e l.
2. B ac te ria l le th a li ty  a n d  o th e r  f irs t  o rd e r  k in e tic s  ra te  p ro c 
esses fo r  th e rm a lly  c o n d u c tiv e  fo o d s  p ro c essed  in  p ea r-sh ap ed  
c o n ta in e rs  can  be  d e te rm in e d  b y  a n u m e ric a l m o d e l.
3. In  m a n y  cases single  p o in t  le th a li ty  c a lc u la tio n s  d o  n o t  
a d e q u a te ly  e v a lu a te  p ro cesses  fo r  fo o d s  in  p e a r-sh a p e d  c o n 
ta in e rs .
4. B ac te ria l le th a li ty  a n d  n u t r ie n t  re te n tio n  fo r  th e rm a lly  
c o n d u c tiv e  fo o d s  p ro c essed  in  p e a r-sh a p e d  c o n ta in e rs  can  be  
d e te rm in e d  b y  a p p lic a t io n  o f  a m o d if ic a t io n  o f  S tu m b o ’s 
m e th o d  (J e n  e t a l., 1 9 7 1 ) to  a n  e q u iv a le n t c y lin d e r.
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CHARACTERIZATION OF MECHANICALLY DEBONED 
HOT AND COLD MUTTON CARCASSES

INTRODUCTION
M U T T O N  C A R C A S S E S  are  p a r tic u la r ly  
v u ln e ra b le  to  h ig h  la b o r  c o sts  b e ca u se  
b o n e le ss  m u tto n  sells a t a lo w e r p rice  
th a n  m o s t o th e r  b o n e le ss  red  m e a ts  an d  
th e  a m o u n t o f  la b o r  re q u ire d  p e r  u n it  o f  
m ea t o b ta in e d  is g re a te r . R e c e n t e n g in e e r
ing a d v a n c e m e n ts  hav e  m ad e  it  po ss ib le  
to  o b ta in  m ec h an ic a lly  d e b o n e d  m u tto n .  
T he p ro cess  is s im ila r to  th a t  u sed  fo r  
m ec h an ic a lly  d e b o n e d  p o u l try  (F o o d  
E n g in eerin g , 1 9 7 0 ).

In c re a se d  in te re s t  has b een  sh o w n  in 
m ec h an ic a lly  d e b o n e d  p o u l try  m ea t fo r  
use  in  em u ls if ied  p ro d u c ts  (F ro n in g ,
1 9 7 0 )  . F ro n in g  e t al. (1 9 7 1 )  a n d  D im ick  
e t al. (1 9 7 2 )  have  re p o r te d  o n  th e  o rg a n o 
lep tic  q u a lit ie s  o f  m ec h an ic a lly  d e b o n e d  
p o u l try  m e a t an d  G ru n d e n  e t al. (1 9 7 2 )  
have o u tlin e d  its  p h y sica l a n d  ch em ica l 
c h a ra c te ris tic s . A m ic ro b io lo g ica l eva lu a 
t io n  o f  m ec h an ic a lly  d e b o n e d  p o u ltry  
m ea t h as also  b e e n  m a d e  (O s to v a r  e t  a l.,
1 9 7 1 )  . M u tto n  carcasses d iffe r  in  m an y  
re sp e c ts  f ro m  p o u ltry .  N o sk in  is p re se n t 
o n  th e  carcass; th e  b o n e s  are  m u ch  larg e r 
an d  h a rd e r ;  a n d  m u tto n  fa t is m o re  h ig h ly  
s a tu ra te d . T h e re fo re , m ec h an ic a lly  d e 
b o n e d  m u tto n  w o u ld  b e  e x p e c te d  to  have 
d if fe re n t  p ro p e rt ie s  th a n  m ec h an ic a lly  d e 
b o n e d  p o u l try .  T o  d a te , no  p u b lish e d  
in fo rm a t io n  o n  m ec h an ic a lly  d e b o n e d  
m u tto n  is av ailab le . M ech an ica l d e b o n in g  
h as th e  p o te n t ia l  o f  saving all th e  lean , 
red  m ea t th a t  is p ro d u c e d . W ith h a n d  
b o n in g  so m e  lean  red  m ea t a d h e rin g  to  
th e  b o n e s  en d s u p  as a b y -p ro d u c t . M e
c h an ica lly  d e b o n e d  m u tto n  sh o u ld  re su lt 
in  an  in c re a sed  v o lu m e  o f  m ea t in  a d d i
t io n  to  a saving in  lab o r .

T h is  s tu d y  w as u n d e r ta k e n  to  c h a ra c 
te r iz e  th e  c h em ica l, p h y s ic a l a n d  o rg a n o 
lep tic  p ro p e r t ie s  o f  m e c h a n ic a lly  d e b o n e d  
m u tto n  an d  to  c o m p a re  th e se  p ro p e rt ie s  
to  p ro p e rt ie s  o f  h a n d -b o n e d  m u tto n .

EXPERIMENTAL
TWO SEPARATE TRIALS were conducted. In 
the first trial, 24 good and utility grade m utton  
were divided into six lots o f four carcasses each. 
Each carcass, which had aged 7 days at — 1°C, 
was split lengthwise and one side was ground 
through a 1.9 cm plate o f a bone grinder. The 
four sides were mixed together and mechani
cally deboned using an AUX 70 Beehive de
boner with 0.635 mm diam holes in the cylin
der.

The four remaining sides from each of the

six lots were hand boned and all lean was physi
cally separated from the bone by hand. The 
total bone weight o f the four sides was divided 
by the total weight from the four sides to ob
tain percent bone in hand-boned sides. Lean 
and fat from  the four hand-boned sides from 
each lot was ground together, mixed in a com
mercial food mixer, reground and subsamples 
(approxim ately 3 kg) were homogenized prior 
to chemical and microbiological analysis.

Subsamples o f the meat from each o f the six 
lots o f mechanically deboned meat were also 
hom ogenized prior to analysis. Care was taken 
to keep the meat from the hand-boned sides 
and the machine-boned sides at the same tem 
perature throughout all procedures so that bac
terial counts would be more comparable. 
During machine boning and physical separation 
of the bone, meat from both sides had a similar 
tem perature rise. Equipm ent which came in 
contact with the hand-boned and machine
boned meat was cleaned with a commercial 
sanitizing agent to insure that bacterial counts 
would not be affected by variable counts on the 
equipment.

In the second trial 10 good and utility grade 
m utton  were divided in to  five lots o f two car
casses each. Each carcass was split lengthwise at 
approxim ately 20 min postm ortem  and pro
cedures identical to those used in trial 1 were 
followed. The only difference was that two 
carcasses were in each lo t instead o f four.

All m utton  carcasses in trials 1 and 2 were 
from 7-yr-old Western whitefaced ewes and all 
carcasses in trials 1 and 2 weighed between 20 
and 27 kg. Each lo t o f four carcasses in trial 1 
and each lo t o f two carcasses in trial 2 were 
slaughtered in the University abattoir on differ
ent days to allow time for data collection.

Boneless composite samples from each lot 
o f m utton  sides were analyzed for fat, protein,

moisture and ash by standard AOAC m ethods
(1970). Calcium, used as an indicator of the 
am ount o f bone contam ination in the m eat, 
was determined by atom ic absorption spectro
photom etry as outlined by  the Perkin-Elmer 
Corp. (1964). Hydroxyproline was determ ined 
according to  the m ethod o f  Woessner (1961). 
Total bacterial counts were determ ined as ou t
lined by Ockerman (1970).

Hand-boned and m achine-boned meat from 
each lo t o f m utton  carcasses in trial 1 were 
made into bologna. Bologna was made with 
hand-boned or mechanically deboned m utton  
plus cure, bologna seasoning and ice water. No 
binder, beef or pork was added. Emulsion sta
bility (Townsend et al., 1968) was reported as 
volume o f com ponents released in ml per lOOg 
of emulsion. Bologna shrinkage, expressed as 
the difference between fresh stuffed weight and 
chilled weight 24 hr after cooking divided by 
fresh stuffed emulsion weight was recorded. 
Color o f the cooked bologna was determ ined as 
ppm o f hem atin (Hornsey, 1956). Subjective 
color and texture scores for bologna were as
signed using a one to five scale. Five equaled 
the brightest and most desirable color. Bologna 
lacking air, fat and jelly pockets was scored 
one, while bologna with the least desirable tex
ture (exhibited extensive air, fat and/or jelly 
pockets) was scored five. Fat stability in bo
logna at 3 and 30 days after processing was 
determined using 2-Thiobarbituric acid values 
(TBA) as described by Witte et al. (1970).

Six triangle difference tests were em ployed 
using 30 different staff members and students 
from the College of Agriculture for each o f the 
six tests. Panel members were instructed to  pick 
the different sample according to  differences 
they detected in flavor or texture. They were 
not aware that color differences m ight be pres
ent and members o f the panel could no t detect

Table 1—Composition, yield and bacterial content of hand- and mechanically-deboned 
mutton carcasses^

Cold boned (N=6 lots) Hot boned (n==5 lots)
Hand Machine Hand Machine

Tem perature, °C  
Orig inal -1 -1 34 34
O ut o f boner - 11 — 30

Bone discarded, % 18.33a 23.81b 17.36a 17.98a
Fat, % 19.11a 19.70a 18.13a 19.78a
P rote in , % 19.61a 19.11a 17.98a 16.00a
D ry m a tte r, % 40.42a 40.97a 37.86a 37.68a
Ash, % 0.98a 1.42b 0.89a 1.01a
Calcium , % 0 .02a 0.19c 0 .02a 0.09b
H yd ro xyp ro lin e , % 0.35a 0.30a,b 0.34a 0 .21b
Y ie ld , % 81.67a 76.19b 82.64a 82.02a
Bacteria/g o f meat 318000a 434000a 17600b 20190b

a Means on th e  same lin e  fo llo w e d  by d if fe re n t le tte rs  are s ig n ific a n tly  d if fe re n t  (P <  0 .0 5 ).
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Table 2—Characteristics of bologna made from hand- and machine
boned mutton3
Item Hand boned Machine boned

T B A  (3 days) 0.14a 0.16a
T B A  (30 days) 0.16a 0 .21a
Em ulsion s ta b ility 3.58a 1.52b
T o ta l p igm ents 152.98a 202.75b
Subjective c o lo rb 3.16a 4 .33b
Subjective te x tu re 0 3.16a 2 .66a
Processing shrink , % 11.58a 9.13a

3 Means on th e  same lin e  fo llo w e d  by d if fe re n t le tte rs  are s ig n ific a n tly  
d iffe re n t (P <  0 .0 5 ).

o Scores ranged f ro m  one to  f iv e  w ith  f iv e  being the  b rig h tes t m ost 
desirable co lo r.

c Scores ranged f ro m  one to  f iv e  w ith  one being th e  m o s t desirable 
te x tu re .

bologna color differences while the panel was in 
progress. Bologna from each of the six lots of 
chilled m utton  carcasses was tested after it had 
been made 3 days and again after 30 days. The 
only difference in the samples served was that 
one was made with hand-boned m eat and two 
were made with m achine-boned meat or vice 
versa. The num ber o f  correct identifications o f 
the odd sample was compared to a probability 
table to determine the statistical significance of 
differences (Roessler et al., 1948).

Differences in bologna characteristics from 
hand- and machine-boned meat and differences 
in means for cold and hot, hand- and machine
boned meat were determined by least squares 
analysis (Steel and Torrie, 1960).

RESULTS & DISCUSSION
A V E R A G E  T E M P E R A T U R E S  o f  th e  
m ea t d u rin g  th e  d e b o n in g  p ro c ess  w ere  
re c o rd e d  (T ab le  1). O rig inal in te rn a l  te m 
p e ra tu re  o f  th e  c o ld , m ac h in e -b o n e d  
m u tto n  carcasses w as — 1°C , w h ile  in te r 
nal te m p e ra tu re  o f  th e  h o t ,  m a c h in e 
b o n e d  carcasses w as 3 4 °C . T e m p e ra tu re  
o f  th e  h o t ,  m a c h in e -b o n e d  carcasses d e 
c reased  fro m  3 4  to  3 0 °C  d u rin g  g rin d in g  
an d  b o n in g . C h illed  carcasses in c re a se d  in  
te m p e ra tu re  f ro m  —1 to  1 1 °C  d u rin g  
m ach in e  b o n in g . It is ev id e n t th a t  m a 
c h in e -b o n e d  m e a t m u s t b e  c h illed  o r  
p ro cessed  im m e d ia te ly  if  b a c te r ia l  c o u n ts  
a re  to  b e  k e p t low .

G rin d in g  a n d  d e b o n in g  p ro c e d u re s , 
in c lu d in g  m ac h in e  se ttin g s , w e re  id e n tic a l 
fo r  carcasses m ac h in e  b o n e d  h o t  o r  co ld . 
B one  d isc a rd e d  w as h ig h e r fo r  carcasses 
m ach in e  b o n e d  c o ld  th a n  fo r carcasses

m ac h in e  b o n e d  h o t .  T h e re fo re , m ach in e  
b o n in g  o f  h o t  carcasses re su lte d  in a 
g re a te r  y ie ld  o f  m ea t th a n  m ac h in e  b o n 
ing  o f  c h illed  carcasses. T h e  h a n d -b o n e d  
carcasses h ad  all v isib le  lean  a n d  fa t re 
m o v ed  fro m  th e  b o n e . T h is  w o u ld  n o t  be  
e co n o m ica l u n d e r  c o m m e rc ia l o p e ra t io n s  
w h e re  so m e  lean  is d isc a rd e d  w ith  th e  
b o n e . T h e re fo re , p e rc e n t lean  a n d  b o n e  
d isc a rd e d  u n d e r  c o m m e rc ia l h a n d  b o n in g  
o p e ra t io n s  w o u ld  b e  h ig h er th a n  th e  18% 
lis ted  h e re .

F a t ,  p ro te in  an d  d ry  m a t te r  figu res 
w e re  n o t  s ta tis t ic a lly  d if fe re n t  fo r  th e  
fo u r  b o n in g  p ro c e d u re s  (T ab le  1). H o w 
ever, th e re  w as a te n d e n c y  fo r  m e a t fro m  
th e  h o t-b o n e d  carcasses to  c o n ta in  less 
d ry  m a t te r  o r  m o re  m o is tu re . T h e  h ig h es t 
ash  c o n te n t  w as fo u n d  in  m e a t f ro m  c a r
casses m ac h in e  b o n e d  co ld .

C a lc iu m  c o n te n t  o f  h a n d -b o n e d  m u t
to n  carcasses a t 0 .0 2 %  w as s lig h tly  h ig h er 
th a n  th e  average  f ig u re  o f  0 .0 1 %  re p o rte d  
by  W att a n d  M errill (1 9 6 3 )  fo r  red  m ea t 
(T ab le  1). T h e  h ig h e r v a lu e  o f  0 .0 2 %  ca l
c iu m  m ay  b e  a re su lt  o f  b o n e  p a rtic le s  
f ro m  th e  c lo se ly  tr im m e d  b o n e s  c o n ta m i
n a tin g  th e  m ea t. W hen p e rc e n t ca lc iu m  
w as d e te rm in e d  o n  b o n e  free  le a n  m ea t 
an a ly se s also  sh o w ed  th a t  lean  c o n ta in e d  
an  average  o f  0 .0 1 %  ca lc iu m . M u tto n  
m ac h in e  b o n e d  c o ld  c o n ta in e d  m o re  cal
c iu m  a n d  ash  (m o re  b o n e  p a r tic le s )  th a n  
m u tto n  m a c h in e  b o n e d  h o t  even  th o u g h  
th e  m e a t y ie ld  f ro m  h o t-b o n e d  carcasses 
w as h ig h e r (7 6 .1 9  vs. 8 2 .0 2 % ). H y d ro x y -  
p ro lin e  c o n te n t  o f  m ea t f ro m  carcasses

m ac h in e  b o n e d  h o t  te n d e d  to  be  lo w er 
th a n  h y d ro x y p ro lin e  c o n te n t  o f  m ea t 
f ro m  carcasses m a c h in e  b o n e d  c o ld . C ar
casses h a n d  b o n e d  h o t  o r  c o ld  h a d  th e  
h ig h est h y d ro x y p ro l in e  c o n te n ts .  A re 
d u c tio n  o f  c o n n e c tiv e  tis su e  as a re su lt o f  
m ac h in e  b o n in g  has b e en  c o n s is te n t 
th ro u g h o u t  o th e r  te s ts  (F ie ld  an d  R iley ,
1 9 7 2 ) w ith  red  m e a t a n d  it agrees w ith  
in fo rm a t io n  av ailab le  o n  d e b o n e d  p o u ltry  
m ea t (S a tte r le e  e t a l., 1 9 7 1 ).

B ac te ria l c o u n ts  p e r  g o f  m ea t im m e d i
a te ly  a f te r  b o n in g  w ere  lo w e r in  h o t 
b o n e d  th a n  in  c o ld -b o n e d  carcasses. T h is 
re su lt w o u ld  b e  e x p e c te d  s in ce  b a c te r ia l 
g ro w th  o n  th e  h o t  carcasses d id  n o t  have 
t im e  to  o c c u r . T h e  la c k  o f  s ta tis t ic a lly  
s ig n ific a n t (P  <  0 .0 5 )  d iffe re n c e s  in  m ea t 
f ro m  h a n d -  o r  m a c h in e -b o n e d  carcasses 
p o in ts  o u t  th a t  in it ia l  b a c te r ia l  c o n ta m i
n a tio n  o f  e q u ip m e n t an d  te m p e ra tu re  
d iffe re n c e s  a re  re sp o n s ib le  fo r  th e  rise  in 
b a c te r ia l  c o u n ts  o f  m ec h an ic a lly  d e b o n e d  
m ea t in so m e  p la n ts . T h e  rise  in  c o u n ts  
w h e n  c o m p a re d  to  h a n d  b o n e d  m ea t is 
n o t  d u e  to  m ec h an ic a l d e b o n in g  as such .

T B A  v a lu es w ere  s lig h tly , b u t  n o t  sig
n if ic a n tly , h ig h e r  in  m a c h in e -b o n e d  th a n  
in  h a n d -b o n e d  m e a t (T ab le  2 ). V a lues in 
c reased  w ith  s to ra g e  tim e . E m u ls io n  s ta 
b ility  fa v o re d  th e  m a c h in e -b o n e d  p ro d 
u c t. T h is  w o u ld  b e  e x p e c te d  b e ca u se  o f  
th e  lo w e r c o n n e c tiv e  tis su e  c o n te n t  o f  
m a c h in e -b o n e d  m ea t. H igher to ta l  pig
m e n ts  in  m a c h in e -b o n e d  m u tto n  m ay  also 
re fle c t lo w e r c o n n e c tiv e  tis su e  scores 
s in ce  c o n n e c tiv e  tis su e  d o e s  n o t  c o n ta in  
m ea t p ig m e n ts . T h e  h ig h er to ta l  p ig m en t 
c o n c e n tr a t io n  in  b o lo g n a  fro m  m e c h a n i
cally  d e b o n e d  m e a t in d ic a te d  th a t  so m e  
p ig m e n ts  f ro m  b o n e  m a rro w  a re  a lso 
b e in g  fo rc e d  in to  m e c h an ic a lly  d e b o n e d  
m ea t. S u b je c tiv e  c o lo r  sc o re s  fo r  b o lo g n a  
fro m  m a c h in e -b o n e d  m e a t c o n f irm e d  th a t  
m o re  p ig m e n ts  w e re  p re se n t th a n  in b o 
lo g n a  m ad e  fro m  h a n d -b o n e d  m e a t. S u b 
jec tiv e  t e x tu r e  sc o re s  a n d  p e rc e n t  sh r in k  
o n  p ro cess in g  w ere  n o t  s ig n ific a n tly  d if
fe re n t b u t  b o th  fa v o re d  m a c h in e -b o n e d  
b o lo g n a .

U n tra in e d  p a n e l m e m b e rs  u sed  a t r i 
ang le  te s t  to  see  i f  th e  b o lo g n a  sam p le  
w ith  a d if fe re n t  f lav o r o r  t e x tu r e  c o u ld  be 
d e te c te d  (T ab le  3 ). D iffe re n c es  b e tw e e n  
b o lo g n a  m ad e  w ith  m a c h in e -b o n e d  m u t
to n  a n d  b o lo g n a  m ad e  w ith  h a n d -b o n ed

Table 3—Triangle test results for bologna made with hand-boned mutton and mutton 
machine boned cold

No. of No. No. preferring
Time tested judgments correct Hand boned Machine boned

3 days 179 120a 77 43

30  days 180 127a 76 51

3 S ig n ific a n t d if fe re n t ia t io n  (P <  0 .01)
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m u tto n  w ere  d e te c te d  b y  eac h  o f  th e  six  
p a n e ls  o f  30  ju d g m e n ts  each . T h e  o verall 
su m m a ry  in  T ab le  3 re fle c ts  th e  re su lts  
fo r  e ach  p a n e l a t 3 a n d  30 d a y s  a f te r  
p ro cess in g . D iffe re n c es  w ere  n o t  m u c h  
m o re  p ro n o u n c e d  a f te r  3 0  d a y s  s to rag e  
th a n  th e y  w ere  3 d ay s  a f te r  th e  b o lo g n a  
w as m ad e . A t b o th  t im e  p e r io d s , b o lo g n a  
m ad e  w ith  h a n d -b o n e d  m e a t w as p re 
fe rre d  to  th a t  m ad e  w ith  m a c h in e  b o n e d  
m ea t. I t  is p o ss ib le  th a t  th e  te x tu r e  o f  th e  
b o lo g n a  m ad e  w ith  h a n d -b o n e d  m ea t w as 
m o re  s im ila r to  th a t  w h ich  th e  panel 
m e m b e rs  w e re  a c c u s to m e d  to . T h e  panel 
m ay  have  p re fe r re d  b o lo g n a  fro m  h a n d 
b o n e d  m e a t fo r  th is  re a so n  a lo n e .

B o logna  m ad e  w ith  100%  m ac h in e 
b o n e d  m e a t w as n o t  o b je c t io n a b le . H o w 
ever, it is e v id e n t th a t  b o lo g n a  m ad e  w ith  
100%  m a c h in e -b o n e d  m e a t is d if fe re n t  
o rg a n o le p tic a lly  th a n  th a t  m ad e  w ith  
h a n d -b o n e d  m ea t. F ro n in g  e t al. (1 9 7 1 )  
have  sh o w n  th a t  f ra n k fu r te r s  c o n ta in in g  
15%  m e c h a n ic a lly  d e b o n e d  tu rk e y  m ea t 
w ere  c o m p a ra b le  to  all h a n d -b o n e d  m ea t 
f ra n k fu r te r s .  It is p ro b a b le  th a t  a t least 
15%  m e c h a n ic a lly  d e b o n e d  red  m ea t 
c o u ld  b e  in c o rp o ra te d  in to  an  e m u lsified

p ro d u c t  w i th o u t  a n y  d e tr im e n ta l  e ffe c t 
f ro m  a flav o r o r  t e x tu r e  s ta n d p o in t .
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INFLUENCE OF YIELD ON CALCIUM CONTENT 
OF MECHANICALLY DEBONED LAMB AND MUTTON

INTRODUCTION

T H E  H IG H  la b o r  c o s t fo r  h a n d  b o n in g  
lo w  g rad e  lam b  a n d  m u tto n  carcasses, 
lam b  b re a s ts  a n d  la m b  n e c k s  m ak e s  th e se  
i te m s  p a r tic u la r ly  w ell su i te d  fo r  m e c h a n 
ical d e b o n e rs . In  re c e n t  y e a rs  i t  h a s  b e 
c o m e  feasib le  to  s e p a ra te  m e a t f ro m  th e  
b o n e s  u tiliz in g  m ec h an ic a l d e b o n e rs . 
M ech an ica lly  d e b o n e d  p o u l try  a n d  fish  
p ro d u c ts  a re  b e c o m in g  in c re a s in g ly  p o p u 
la r  an d  a l im ite d  a m o u n t  o f  re se a rc h  o n  
th e se  i te m s  is av a ilab le  (G ru n d e n  e t  a l., 
1 9 7 2 ; D im ick  e t a l., 1 9 7 2 ; C ra w fo rd  e t 
al., 1 9 7 2 ; F ro n in g  e t a l., 1 9 7 1 ; O s to v a r et 
a l., 1 9 7 1 ). M ech an ica lly  d e b o n e d  red  
m e a t is n o t  U S D A  a p p ro v e d  a n d  n o  re 
sea rc h  o n  m e c h a n ic a lly  d e b o n e d  red  m ea t 
has b e e n  p u b lish e d . H o w ev er, so m e  
m a n u fa c tu re rs  in  th e  U S A  are  p ro d u c in g  
m ec h an ic a lly  d e b o n e d  re d  m e a t fo r  e x 
p o r t  a n d  red  m e a t p ro c esso rs  in  o th e r  
c o u n tr ie s  a re  b eg in n in g  to  u til iz e  m e c h a n 
ical d e b o n e rs  (A .R . M c F a rlan d , p e rso n a l 
c o m m u n ic a tio n ) .

O ne o f  th e  m a jo r  fa c to rs  in v o lv ed  in  
p ro d u c t  a c c e p ta n c e  o f  m e c h a n ic a lly  d e 
b o n e d  m e a t is th e  a m o u n t  o f  m ic ro sc o p ic  
b o n e  p a r tic le s  re m a in in g  in  th e  m ea t. T h e

a m o u n t o f  b o n e  c o n ta m in a tio n  can  be 
e s tim a te d  b y  d e te rm in in g  th e  a m o u n t o f  
ca lc iu m  p re se n t. A c co rd in g  to  W att an d  
M errill, (1 9 6 3 )  th e  ca lc iu m  c o n te n t  o f  
m ea t is v e ry  lo w  (0 .0 1 % ) a n d  th e  a m o u n t 
is re la tiv e ly  c o n s ta n t .  T h e re fo re , a n y  cal
c iu m  in c re ase  in  m e c h a n ic a lly  d e b o n e d  
m e a t o v e r th a t  fo u n d  in  fa t a n d  lea n  is an  
in d ic a to r  o f  in c re ased  b o n e  p a rtic le s . 
S o m e fa c to rs  w h ic h  a f fe c t th e  a m o u n t o f  
ca lc iu m  (b o n e  p a r tic le s )  in  m ec h an ic a lly  
d e b o n e d  m e a t a re  th e  size o f  g rin d e r p la te  
th ro u g h  w h ich  th e  m e a t a n d  b o n e  is 
g ro u n d  p r io r  to  d e b o n in g , th e  p ro p o r t io n  
o f  b o n e  to  m e a t in  th e  o rig in a l p ro d u c t  
a n d  design  o f  th e  d e b o n in g  e q u ip m e n t  

T h e  o b jec tiv e  o f  th is  s tu d y  w as to  d e 
te rm in e  w h a t e f fe c t in c reas in g  th e  y ie ld  
(w e ig h t o f  m e c h a n ic a lly  d e b o n e d  m e a t +  
w eig h t o f  b o n e  p lu s  m e a t)  w o u ld  have o n  
c a lc iu m  c o n te n t  o f  m ec h an ic a lly  d e b o n e d  
m ea t a n d  to  d e te rm in e  if  p a la ta b ili ty  d if 
fe re n c es  e x is t fo r  m e c h a n ic a lly  d e b o n e d  
m ea t o f  v a ria b le  y ie ld  a n d  c a lc iu m  c o n 
te n t .  Several d if fe re n t  lam b  c u ts  w ere su r
v ey ed  to  d e te rm in e  w h ic h  o n e s  m ig h t be  
th e  m o st a c c e p ta b le  fo r  m ec h an ic a l d e 
b o n e rs . C a lc iu m  c o n te n t  o f  d e b o n e d  lean  
m ea t em erg in g  fro m  d if fe re n t  se c tio n s  o f

th e  d e b o n e r  c y lin d e r  w as a lso  o b ta in e d  to  
a sc e r ta in  h o m o g e n e ity  o f  th e  d e b o n e d  
m ea t.

EXPERIMENTAL
GOOD AND UTILITY grade m utton  carcasses 
and lamb carcass parts from prime, choice and 
good grade carcasses were obtained from the 
University o f Wyoming Meat Laboratory and 
machine deboned using a Beehive AUX 70 de
boner. The same cylinder with 0.635 mm diam 
holes and the same auger were used to mechani
cally debone all lamb and m utton  so that varia
tion in calcium would reflect differences in 
yield o f machine-boned meat. One side o f each 
m utton carcass and approxim ately 20% o f the 
lamb cuts from each 100 kg batch were physi
cally separated by hand in order to  determine 
the am ount o f  bone in the product which was 
mechanically deboned. Meat and bone from 
each group of carcasses or cuts was ground 
through a 12.7 mm plate o f a bone grinder and 
mixed prior to deboning. Yield o f deboned 
meat from similar groups o f carcasses or cuts 
was increased by tightening the ring valve. 
Analysis of mechanically deboned meat coming 
through different sections o f  the deboner cylin
der was conducted to determ ine the am ount of 
variability in composition o f deboned meat 
from the same cylinder.

The mechanically deboned m eat from each

Table 1—Calcium moisture and fat content of mechanically deboned meat of variable yield

Product
deboned

USDA
grade Yield3 Calcium, %b Moisture, %b Fat, %b Bone, %c

M u tto n  carcasses u t i l i ty 52% 0.09 73.77 8.62 21.27
M u tto n  carcasses good 70% 0.20 64.20 17.10 18.30
M u tto n  carcasses good 84% 0.27 56.22 24.93 17.19
Lamb necks choice + 

p rim e 32% 0.21 64.47 15.76 28.60
Lamb necks choice + 

p rim e 69% 0.37 55.41 25.39 26.37
Lam b shoulders good 65% 0.18 67.13 13.56 22.14
Lamb shoulders good 84% 0.26 66.13 14.72 22.04
Lamb breasts cho ice + 

p rim e 75% 0.11 47.55 35.52 11.11
Lamb breasts choice + 

p rim e 87% 0.13 45.23 37.26 10.89
Lamb legs good 74% 0.21 66.95 11.53 17.77
Lamb legs good 84% 0.28 66.17 12.68 17.89
a A ll p roducts w ere  g round  th ro u g h  a 12.7 m m  p la te  and boned w ith  a 0 .6 3 5  m m  cy lin d e r. Y ie ld  -  w e ig h t o f  m echan ica lly  

deboned m eat -5- w e ig h t o f  bone p lus meat, 
b Data are expressed on a fresh w e ig h t basis.
c P hys ica lly  separated bone based upon one side o f  each o f  the  carcasses and upon a random  20% o f th e  lam b cuts
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group o f carcasses or cuts was mixed thorough
ly prior to sampling. Fat, protein and moisture 
were run in duplicate using standard AOAC 
m ethods (1970). Hydroxyproline was deter
mined by the m ethod o f Woessner (1961). Cal
cium was determined by atom ic absorption 
spectrophotom etry as outlined by the Perkin- 
Elmer Corp. (1964). Because of a lim ited 
supply of lamb and m utton  and because the 
deboned lamb and m utton  was no t USDA 
approved, econom ic considerations allowed 
only one 100 kg batch o f each group of car
casses or cuts o f  a specific yield to be mechani
cally deboned.

Triangle difference tests were conducted to 
compare bologna made from sides o f mechani
cally deboned m utton  to bologna made from 
sides o f hand-boned m utton. The deboned meat 
for the triangle difference tests came from 
cylinders with 0.635, 0.787 or 1.016 mm 
diam eter holes. Formulas and processing pro
cedures for hand- and machine-boned bologna 
were identical. Hand- or machine-boned m utton 
was used as the only meat item added to the 
form ula for some batches o f bologna. For other 
batches o f bologna 50 -9 0 %  of the hand- or 
m achine-boned m utton  was replaced with lean 
beef and with pork fat. Three percent nonfat 
dried m ilk was added to all bologna formulas. 
All batches o f bologna, after processing, con
tained 25 ± 2% fat by analysis. Untrained staff 
members and students from the College of 
Agriculture were used as panel members for the 
triangle tests. 33 different panel members were 
asked to pick the different bologna sample. 
Three coded samples were served on the same 
plate. The only difference in the samples served 
was that one sample was made with hand-boned 
m eat and two were made with mechanically 
deboned m eat or vice versa. The num ber o f 
correct identifications o f the odd sample was 
compared to a probability table to deter
mine the statistical significance of differences 
(Roessler et al., 1948). Panel members were 
also asked to  indicate which sample they pre
ferred, that is, the different sample or the iden
tical samples.

RESULTS & DISCUSSION
C A L C IU M , m o is tu re  a n d  fa t c o n te n t  o f  
m e c h an ic a lly  d e b o n e d  lam b  a n d  m u tto n  
is g iven  in  T ab le  1. C a lc iu m  a n d  fa t  c o n 
te n t  o f  th e  m e c h a n ic a lly  d e b o n e d  lean  
w as e x tre m e ly  lo w  w h e n  th e  rin g  valve o f  
th e  B eehive d e b o n e r  w as se t to  o b ta in  
52%  o f  th e  m u tto n  carcass  w e ig h t as 
b o n e le ss  lean . W hen  th e  rin g  valve w as 
t ig h te n e d  a n d  a 7 0 %  y ie ld  o f  b o n e le ss  
m ea t f ro m  m u t to n  carcasses w as o b 
ta in e d , c a lc iu m  c o n te n t  in c re a sed  fro m  
0 .0 9 —0 .2 0 % . A th ird  g ro u p  o f  m u tto n  
carcasses w as ru n  w ith  th e  rin g  valve 
t ig h te n e d  to  give w h a t w as c o n s id e re d  a 
m a x im u m  y ie ld  o f  84% . T h e  16%  b o n e  
d isc a rd e d  w as s lig h tly  less th a n  th e  
1 7 .1 9 %  b o n e  d isc a rd e d  w h e n  b o n e s  fro m  
th e  o p p o s ite  sides w e re  c a re fu lly  c lean ed  
o f  all le a n  a n d  fa t b y  p h y sic a l se p a ra tio n . 
T h e re fo re , so m e  b o n e  p a r tic le s  e n te re d  
th e  m ec h an ic a lly  d e b o n e d  m ea t. M ore  fa t 
(1 7 .1 0 %  fa t fo r  70%  y ie ld  vs. 2 4 .9 3 %  fa t 
fo r  84%  y ie ld )  also  e n d e d  u p  in  th e  d e 
b o n e d  m u tto n  w h e n  th e  rin g  valve w as 
t ig h te n e d  a n d  th e  y ie ld  in c re a sed .

T rim m ed  lam b  n e ck s  fro m  tw o  d if fe r 
e n t lo ts  w ere  m ec h an ic a lly  d e b o n e d  and  
th e  re su lts  a re  sh o w n  in  T ab le  1. M ech an i
cally  d e b o n e d  lea n  (3 2 %  y ie ld )  c o n ta in e d  
0 .2 1 %  c a lc iu m . S in ce  c a re fu lly  c lean ed  
fresh  n e ck  b o n e s  m ad e  u p  2 8 .6 0 %  o f  th e  
n e c k  w e ig h t, 3 9 .4 0 %  o f  th e  n e c k s  o th e r  
th a n  b o n e  w as d isc a rd e d . W hen th e  ring  
valve w as t ig h te n e d  to  save m o re  lean  
(69%  y ie ld )  th e  c a lc iu m  c o n te n t  o f  th e  
d e b o n e d  m e a t ro se  to  0 .3 7 %  o f  th e  p ro d 
u c t.  M o is tu re  d e c re a sed  a n d  fa t  p e rc e n t
age in c re ased  w h e n  th e  y ie ld  o f  m e c h a n i
cally  d e b o n e d  m e a t in c re a sed . W hen 
b o n e le ss  lean  fro m  lam b  n e ck s  w ith  a 
y ie ld  o f  69%  w as c o m p a re d  to  b o n e le ss

Table 2—Analysis of mechanically deboned meat from different 
portions of a cylinder with 0.635 mm holes

Cylinder divided into thirds^
Next to Next to
machine Middle discharge ports

% % %
M u tto n  carcasses3

Fat 36 .35 25.55 19.12
Prote in 12.42 16.41 18.54
M oisture 48.77 55.11 59.49
Calcium 0.08 0.08 0.09
H yd ro xyp ro lin e 0.12 0.15 0.30

Lamb necks’3
C alcium 0.20 0.20 0.24

Lamb necksc
Calcium 0.28 0.32 0.52

a

b
c
d

Y ie ld  o f  m echan ica lly  deboned m eat was 80.5% . W ho le  m u tto n  car 
casses a t 20  m in  p o s tm o rte m  w ere g round  th ro u g h  a 19 .0  m m  p la te  
p r io r  to  deboning.
Y ie ld  o f  m echan ica lly  deboned m eat was 32%. Necks w ere  ground 
th ro u g h  a 12 .7  m m  p la te  p r io r  to  deboning.
Y ie ld  o f  m echan ica lly  deboned m eat was 69% . Necks w ere  ground 
th ro u g h  a 12.7 m m  p la te  p r io r  to  deboning.
A ll data are expressed on a fresh w e ig h t basis. Each mean is the  
average fo r  samples w h ic h  w ere ru n  in tr ip lic a te .

lean  fro m  m u tto n  carcasses w ith  a 70%  
y ie ld  th e  lean  fro m  lam b  n e c k s  h a d  a 
m u c h  h ig h e r  c a lc iu m  c o n te n t .  A  h ig h e r  
p e rc e n ta g e  o f  b o n e  in  th e  la m b  n e ck s  
p r io r  to  d e b o n in g  is p a r tia l ly  re sp o n s ib le  
fo r  th is  d iffe re n c e . H o w ev e r, m a tu r i ty  o f  
b o n e  a n d  ty p e  o f  b o n e  (lo n g  b o n e s  vs. 
v e r te b ra e )  a lso  a f fe c t c a lc iu m  c o n te n t  o f  
th e  d e b o n e d  m e a t p ro d u c t .  G ru n d e n  a n d  
M acN eil (1 9 7 3 )  s ta te d  th a t  d e b o n e d  m e a t 
f ro m  th e  m o re  m a tu re  ty p e s  o f  p o u l tr y  
h a d  h ig h e r b o n e  so lid s  th a n  th e  y o u n g e r  
c o u n te rp a r ts .  T h ey  s ta te d  th a t  th e  h ig h e r  
deg ree  o f  c a lc if ic a tio n  o f  m o re  m a tu re  
b o n e s  cau sed  m o re  f ra g m e n ta t io n  w h e n  
passing  th ro u g h  th e  d e b o n e r , re su ltin g  in  
a n  in c re a sed  level o f  b o n e  p a r tic le s .

L am b  b re a s ts  h a d  th e  lo w e s t p e rc e n t
age o f  b o n e  o f  a n y  o f  th e  p ro d u c ts  
s tu d ie d . M ech an ica l d e b o n e d  m e a t f ro m  
b re as ts  also  h a d  m u c h  lo w e r  c a lc iu m  p e r 
cen tag es  th a n  o th e r  c u ts  w ith  c o m p a ra b le  
y ie ld s  o f  b o n e le ss  m e a t. L o w  c a lc iu m  
c o n te n t  m ay  b e  re la te d  to  ty p e  o f  h a rd  
tis su e  in  b re a s ts . T h e  h ig h  p e rc e n ta g e  o f  
c a rtilag e  fo u n d  in  lam b  b re a s ts  d o e s  n o t  
fra g m e n t as m u c h  as b o n e  d u rin g  d e 
b o n in g . T h e re fo re , f in e  p a r tic le s  o f  c a r t i 
lage are  n o t  as lik e ly  to  b e  fo u n d  in  
m ec h an ic a lly  d e b o n e d  m e a t. I t  is c le a r  
th a t  la m b  b re a s ts , w h ic h  have  a lo w  e c o 
n o m ic  v a lu e , a re  id ea lly  su ite d  fo r  th e  
m ec h an ic a l d e b o n in g  p ro c ess  (T a b le  1).

L ow  g rad in g  la m b  legs a n d  sh o u ld e rs  
are  n o t  as w ell su ite d  fo r  m e c h a n ic a l d e 
b o n in g  as b re a s ts  b e ca u se  th e y  a re  eas ie r 
to  h a n d  b o n e  th a n  la m b  b re a s ts . T h ese  
g o o d  g ra d e  la m b  c u ts  y ie ld e d  b o n e le ss  
le a n  w h ic h  h a d  c a lc iu m  c o n te n ts  s im ila r  
to  th e  ca lc iu m  c o n te n ts  o f  m e c h a n ic a lly  
d e b o n e d  lean  fro m  g o o d  g ra d e  m u tto n  
carcasses. T h e  m a x im u m  y ie ld  o f  84%  
m e a t w h ic h  w as o b ta in e d  fo r  m u t to n  
carcasses, lam b  sh o u ld e rs  a n d  la m b  legs is 
h ig h e r th a n  c an  be  o b ta in e d  w ith  h a n d  
b o n in g . I f  m e c h a n ic a lly  d e b o n e d  m e a t 
f ro m  th e se  h igh  y ie ld s  is U S D A  a p p ro v e d , 
a su b s ta n tia l  in c re ase  in  b o n e le ss  m ea t 
av ailab le  fo r  sale c o u ld  re su lt.

A n a ly se s o f  th e  m e c h a n ic a lly  d e b o n e d  
m e a t w h ic h  w as e x tru d e d  fro m  d if fe re n t  
p o r t io n s  o f  th e  c y lin d e r  a re  g iven  in  T ab le
2. T h e  th ird  o f  th e  c y lin d e r  n e x t  to  th e  
d e b o n in g  m ac h in e  y ie ld e d  th e  h ig h es t 
p e rc e n ta g e  o f  fa t  a n d  th e  lo w e s t p e rc e n t
age o f  c a lc iu m  a n d  h y d ro x y p ro l in e .  T h e  
reverse  w as t r u e  fo r  th e  th ird  o f  th e  c y lin 
de r n e x t  to  th e  d isc h arg e  p o r ts .  T h is  f in d 
ing has s ig n ifican ce  fo r  d e b o n in g  m a c h in e  
m a n u fa c tu re rs , so m e  o f  w h ic h  a re  m ak in g  
th e  h o le s  in  th e  th ird  o f  th e  c y lin d e r  n e x t  
to  th e  d isch arg e  p o r ts  sm a lle r  so  t h a t  less 
b o n e  a n d  c o n n e c tiv e  t is su e  c a n  e scap e . 
T he d a ta  in  T ab le  2  c le a r ly  in d ic a te  th a t  
m ec h an ic a lly  d e b o n e d  m e a t m u s t b e  
m ix e d  a f te r  d e b o n in g  if  i t  is to  be  h o m o g 
eno u s.

E v a lu a tio n  o f  b o lo g n a  m ad e  fro m  
m a c h in e -b o n e d  a n d  h a n d -b o n e d  m u tto n
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Table 3—Triangle test evaluation of bologna made from machine-boned and hand-boned mutton carcasses

Amount of 
machine-boned 
meat in bologna

Size of holes 
in cylinder 

(mm)

Calcium content 
of machine 

boned meata
No. of 

judgments
No.

correct
No. preferring

Machine boned Hand boned
100% 1.016 0.48% None (obvious g r it)

50% 55 2 6 * 9 17
10% 60 23 10 13

100% 0.787 0 .21% None (obvious g r it)
50% 33 13 8 5

100% 0.635 0.25% 33 17* 5 12
50% 33 12 7 5

Data are expressed on a fresh w e igh t basis.
S ig n ific a n t d is c r im in a tio n  betw een bologna fro m  hand-boned m eat and bologna co n ta in in g  m achine-boned m eat a t 5% 
level.

carcasses is sh o w n  in  T ab le  3 . W hen  
b o lo g n a  w as m ad e  w ith  m e a t o b ta in e d  
fro m  a c y lin d e r  w ith  1 .0 1 6  m m  h o les , it 
c o n ta in e d  b o n e  p a r tic le s  w h ic h  c o u ld  
easily  b e  d e te c te d  b y  b itin g  in to  a slice  o f  
b o lo g n a . T h e re fo re  b o lo g n a , m ad e  fro m  
100%  d e b o n e d  m e a t c o n ta in in g  0 .4 8 %  
c a lc iu m , w as n o t  su b je c te d  to  a  tr ia n g le  
te s t.  M e ch an ica lly  d e b o n e d  m e a t f ro m  
th e  sam e  lo t  w as m ix e d  w ith  b e e f  lean  
an d  p o rk  fa t  so  th a t  m e c h a n ic a lly  d e 
b o n e d  m u tto n  o r  h a n d -b o n e d  m u tto n  
m ad e  u p  50%  o r  10%  o f  th e  m e a t so u rce . 
R esu lts  o f  th e  tr ia n g le  te s t  sh o w e d  th a t  
p a n e l m e m b e rs  c o u ld  d e te c t  th e  d if fe re n t  
sam p le  w h e n  b o lo g n a  m a d e  w ith  50%  
m a c h in e -b o n e d  m e a t f ro m  th e  1 .0 1 6  m m  
h o le  c y lin d e r  w as c o m p a re d  to  b o lo g n a  
m ad e  w ith  h a n d -b o n e d  m ea t. In  a d d it io n , 
b o lo g n a  m a d e  w ith  h a n d -b o n e d  m e a t w as 
p re fe r re d  17 o u t  o f  2 6  t im e s . B ologna  
c o n ta in in g  10%  m a c h in e -b o n e d  m u tto n  
w as n o t  s ig n if ic a n tly  d i f fe re n t  th a n  b o 
lo g n a  m a d e  w ith  10%  h a n d -b o n e d  m u t
to n . C y lin d e rs  w ith  1 .0 1 6  m m  h o les  
a re  b e in g  u se d  c o m m e rc ia lly  fo r  m e c h a n i
cally  d e b o n e d  p o u l try .  T h is te s t  in d ic a te s  
th a t  th e y  c a n n o t b e  u se d  fo r  m e c h a n i
cally  d e b o n e d  m u tto n  u n less  th e  m e c h a n 
ica lly  d e b o n e d  m u tto n  is d i lu te d  m o re  
th a n  h a lf  w ith  h a n d -b o n e d  m e a t.

B o logna  m a d e  w ith  100%  m ac h in e 
b o n e d  m u tto n  f ro m  th e  0 .7 8 7  m m  c y lin 
d e r  a lso  c o n ta in e d  b o n e  w h ic h  w as re a d i
ly  d e te c ta b le  ev en  th o u g h  th e  c a lc iu m  
c o n te n t  o f  th e  m e a t w as less th a n  h a lf  
th a t  o f  th e  m e a t f ro m  th e  1 .0 1 6  m m  
c y lin d e r. B o logna  m ad e  w ith  50%  m e 
c h an ica lly  d e b o n e d  m u tto n  fro m  th e

sam e so u rc e  w as n o t  s ig n if ic a n tly  d if fe r 
e n t (P  <  0 .0 5 )  w h e n  c o m p a re d  to  th a t  
m ad e  w ith  50%  h a n d -b o n e d  m u tto n .  T h e  
la c k  o f  d if fe re n c e  fo r  b o lo g n a  m ad e  w ith  
50%  m e c h a n ic a lly  d e b o n e d  m e a t f ro m  
th e  0 .7 8 7  m m  h o le  c y lin d e r  w h e n  c o m 
p a re d  to  a s ig n ific a n t d if fe re n c e  fo r  
b o lo g n a  m ad e  w ith  50%  m ec h an ic a lly  
d e b o n e d  m e a t f ro m  th e  1 .0 1 6  m m  c y lin 
d e r  is p ro b a b ly  re la te d  to  th e  la rg e r sized  
b o n e  p a r tic le s  w h ic h  p assed  th ro u g h  th e  
la rg e r c y lin d e r  h o les . M ic ro sco p ic  ex am i
n a tio n  o f  th e  d e b o n e d  m e a t in d ic a te d  
th a t  so m e  b o n e  p a r tic le s  as la rg e  as th e  
h o le s  in  th e  c y lin d e rs  a re  fo u n d  in  m e 
c h an ica lly  d e b o n e d  m ea t.

A  th ird  c y lin d e r  w ith  0 .6 3 5  m m  h o les  
w as a lso  u sed  to  o b ta in  m e c h a n ic a lly  d e 
b o n e d  m u tto n  (T a b le  3 ). B ologna  m ad e  
w ith  100%  m a c h in e -b o n e d  m u tto n  fro m  
th is  so u rc e  d id  n o t  h av e  b o n e  p a r tic le s  
w h ic h  c o u ld  b e  d e te c te d  b y  o rg a n o le p tic  
e v a lu a tio n . T h e re fo re , b o lo g n a  m ad e  w ith  
100%  m e c h a n ic a lly  d e b o n e d  m e a t f ro m  
th e  0 .6 3 5  m m  c y lin d e r  w as c o m p a re d  to  
b o lo g n a  m ad e  fro m  h a n d -b o n e d  m u tto n .  
17 o f  th e  33 ju d g e s  c o u ld  d e te c t  th e  d if
fe re n c e . 12 o f  th e  17 w h o  c o u ld  d e te c t  a 
d iffe re n c e  p re fe r re d  b o lo g n a  fro m  h a n d 
b o n e d  m u tto n .  W hen  b o lo g n a  w as m ad e  
w ith  50%  m a c h in e -b o n e d  m e a t f ro m  th e  
0 .6 3 5  m m  c y lin d e r, n o  s ig n ific a n t d if fe r 
e n ce  b e tw e e n  th is  b o lo g n a  a n d  th a t  m ad e  
w ith  50%  h a n d -b o n e d  b o lo g n a  c o u ld  be  
d e te c te d .  I t  is a p p a re n t  th a t  b o lo g n a  c o n 
ta in in g  so m e  m e c h a n ic a lly  d e b o n e d  red  
m e a t c an  b e  p ro d u c e d . F ro m  a p a y a b i l 
i ty  s ta n d p o in t ,  c y lin d e rs  w ith  1 .0 1 6  an d  
0 .7 8 7  m m  h o le s  a p p e a r  to  b e  less a c c e p t

ab le  fo r  d e b o n in g  m u tto n  th a n  c y lin d e rs  
w ith  0 .6 3 5  m m  h o les .
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EFFECTS OF SOY CURD ON THE ACCEPTABILITY AND 
CHARACTERISTICS OF BEEF PATTIES

INTRODUCTION
THE UTILIZATION of soybeans as human food is not new. However, methods are needed to improve the payability of soybean products for wider acceptance as an excellent and cheap source of protein. A good way to achieve this would be to use soy curd (Japanese tofu) as an extender in ground beef patties. The use of soy curd in fresh meat products has not been exploited. Thus, it is within this context that this study was conducted.In much of Asia soy curd is widely used either as a deep fat fried food, or as an ingredient in soups. The tofu is also eaten directly after dipping small cubes in soy sauce. The manufacture and use of soy curd and related products has been adequately reviewed by Watanabe (1969). No references have been found in which soy curd has been combined with or used as a meat extender except for a report from The Japan Protein Industry Co., Ltd., Tokyo, where soy curd was used for fish meat ham, sausages and hamburger (Anonymous, undated).

EXPERIMENTAL
Preparation of soy milk

The rapid hydration, hot grind m ethod of 
Wilkens et al. (1967) was used in making soy 
milk. Clark soybeans were soaked in water at 
60°C using a ratio o f 1:9 (beansiwater) w/w 
until the beans had doubled their weight. The 
soak water was decanted and the beans were 
washed. The beans were ground for 5 min (3 
min a t low, 1 min at medium , 1 min at high 
speed) with boiling water (1:9 = dry beans:wa- 
ter, w/w) to inactivate lipoxidase enzymes dur
ing grinding. Filtration was done immediately 
after grinding through a Buchner funnel under 
vacuum equipped with 7-in. standard Agway- 
GLF milk filtering pads with one layer of 
coarse pad on top of a fine pad. The filtrate 
which constitutes soy milk was then boiled for 
about 3 min.
Preparation of soy curd

While the soy milk was still ho t (above 
75°C), 0.4% of C aS 04 based on the dry beans 
weight was stirred in. A white precipitate o f Ca 
proteinate quickly formed. When a clear separa
tion o f curd and whey occurred, the curd was 
transferred to a perforated wooden box lined

with 4 - 5  layers o f cheese cloth. The whey was 
allowed to drain off. The warm curd, wrapped 
in cheese cloth was then subjected to compres
sion in a hydraulic press and maintained at the 
required pressure for 5 min. Curds were pre
pared under three different pressures, namely 
300 psi, 600 psi and 1100 psi and were then 
stored at 5°C.
Preparation o f m eat used

Freshly ground chuck beef was obtained 
from the Meat Division of the Dept, of Animal 
Science, Cornell University. The m eat was 
mixed carefully to give a hom ogenous sample 
consisting o f about 60% m oisture, 21% fat and 
18% protein.
Preparation of patties

Patties 1/4-in. thick were made with 0%, 
5%, 10%, 20%, 75% and 100% (w/w) soy curd- 
meat combinations using 300 psi, 600 psi and 
1100 psi soy curd. Patties o f each type were 
subjected to a num ber of tests as outlined in 
Table 1.

Red food color, McCormick & Co., Inc., 
Baltimore, (2 drops in 5 ml water) was added to 
the coarsely blended soy products of patties 1 
and 2 before form ation, whereas only soy prod
ucts o f patty  2 were flavored with Steero In
stant Beef Bouillon, American Kitchen Prod
ucts Co., New Jersey, (3g/100g soy). All the 
patties were quickly frozen after form ation to 
-2 0 °C  and then stored at 0°C.

Taste panel
Groups of 10 panelists selected from labora

tory personnel were used for difference testing. 
Patties were thawed, broiled evenly by oven 
broiling for 3 - 4  min on each side and served to 
panelists while warm. Doneness was determined 
subjectively from the extent o f external brown
ing and patty  firmness.

+ flavo r added
3 Coarsely blended o n ly
4  Coarsely blended o n ly

Proximate analysis
The samples for proxim ate analysis were 

subjected to freeze drying for 4 days to stabi
lize the samples and to determine m oistures and 
total solids. Samples were quickly ground in a 
dry powder milk blender (Braum, Frankfort) 
and stored in dry bottles at 0°C.

The Wilfarth-Gunning Kjeldahl M ethod 
(AOAC, 1960) was used to determ ine nitrogen. 
Crude protein was calculated as 6.25 tim es Kjel
dahl nitrogen. The am ount o f protein extracted 
was expressed as a percentage of the dry and 
the wet sample weight.

Lipids were determ ined by ether extraction 
using the AOAC (1960) official m ethod. 
Following extraction with diethyl ether for 72 
hr in a soxhlet extraction apparatus, the sam
ples were dried in a vacuum oven for 24 hr 
before weighing and calculating the percentage 
of fat.

After ether extraction the thimbles with 
their dried samples were placed in a 550°C oven 
for 24 hr. The com pletely ashed samples were 
cooled to room tem perature in a desiccator 
before they were weighed and the percentage of 
ash calculated.

Gross energy o f each sample was determined 
using an Oxygen Bomb Calorimeter (Parr In
strum ent Co., Inc., 111.).
Drip and cooking losses

Samples were weighed before and after drip
ping and cooking operations. The frozen patties 
were allowed to drip freely on paper towels un
til they had fully reached room tem perature 
before they were weighed and broiled. Broiling 
was done evenly for 3—4 min on bo th  sides at a 
constant tem perature. The patties were allowed 
to cool to  room tem perature before weighing. 
Percentage of drip, cooking and total losses 
were then calculated.

Proximate analysis 
Texture, drip and cooking 
losses, juiciness

Table 1—Types of treatments and tests performed on the patties

Treatments of soy products Tests used
Patties before patty formation on the patties

1 Coarsely b lended and c o lo r added Taste panel
2 Coarsely blended and co lo r Taste panel

2 8 8 —J O U R N A L  O F  F O O D  S C I E N C E - V o l u m e  3 9  ( 1 9 7 4 )
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Juiciness determ ination
Cooked patties were sampled for juiciness 

determ ination by removing two cylindrical sam
ples from each patty  with a No. 5 cork borer. 
Each cylinder was subjected to  a constant pres
sure o f 10,000 lb for 1 min between two small 
sheets o f aluminum foil and again between two 
filter papers. The residue was weighed and the 
juice absorbed by the filter paper (an estim ate 
o f juiciness) was calculated as percentage of 
sample weight before pressing. 
Texture-tenderness determ ination

A puncture test employing the Instron tex
ture machine (Model TTCM, Instron Engineer
ing Corp., Mass.) was used. A single flat surface 
contact type punch with 1/8-in. diam and with 
uniform cross section throughout its length was 
used as it expressed good textural differences 
between the patties. Each cooked patty  was 
punched 8 -1 0  times. The forces required for 
the punch to puncture the patties were auto
matically recorded on a chart. These data were 
then analyzed to reflect the tenderness differ
ences.

RESULTS & DISCUSSION
T aste  p an el

T h e  c o n c e n tra t io n s  o f  soy  c u rd  ad d ed  
to  b e e f  p a tt ie s  w e re  fo u n d  to  in f lu e n c e  
th e  a c c e p ta b il i ty  o f  c u rd -b e e f  p a tt ie s . F ig 
u re  1 sh o w s th e  p e rc e n t o f  p a n e lis ts  w h o  
a c c e p te d  th e  so y  p a tt ie s  a t d if fe re n t  levels 
o f  c o n c e n tra t io n . I t  w as fo u n d  th a t  th e  
flav o rin g  o f  soy  c u rd  w ith  3%  b e e f  b o u il
lo n  c o m p le te ly  a lte re d  th e  a c c e p ta b ili ty  
o f  soy  cu rd  b e e f  p a ttie s . In  F ig u re  1 th e  
s lo p e  o f  th e  a c c e p ta b ili ty  cu rv es sh o w s an  
im p ro v e m e n t o f  p an e l a c c e p ta b il i ty  o f

so y  p a tt ie s  as p re ssu re  w as in c reased  on  
th e  c u rd  fro m  3 0 0  psi, to  6 0 0  psi, an d  to  
1 1 0 0  psi. Soy  c u rd -b e e f  p a tt ie s  m ad e  
w ith  1 1 0 0  psi c u rd  w ith  c o lo r  a n d  flav o r 
a d d e d  w ere  a c c e p te d  a t levels as h igh  as 
75%  c u rd . E asy  d e te c ta b il i ty  o f  flav o red  
c u rd  d id  n o t  s ig n ific a n tly  a lte r  th e  h igh  
a c c e p ta b il i ty  o f  th e  p a ttie s .

T h e  p a n e lis ts  w e re  te s te d  fo r  th e ir  
se n s itiv ity  to  d e te c t  th e  d iffe re n c e  b e 
tw e e n  d if fe re n t  soy  c o n c e n tr a t io n  levels 
in  th e  p a ttie s . T h e  re su lts  a re  p lo tte d  in 
F ig u re  2. W hen c o lo r  w as a d d e d  to  m ask  
v is ib le  d iffe re n c e s  b e tw e e n  p a ttie s , th e  
p an el fo u n d  no  s ig n ific a n t d iffe re n c e s  at 
th e  5% s ig n ifican ce  level b e tw e e n  p a ttie s  
o f  u p  to  26%  so y  c o n c e n tr a t io n  fo r  1100  
psi c u rd , a n d  u p  to  10%  fo r  flav o red  6 0 0  
psi an d  1 1 0 0  psi cu rd .

T h e  ta s te  p a n e l a lso  in d ic a te d  th e  
deg ree  o f  d if fe re n c e  b e tw e e n  each  soy  
c o n c e n tr a t io n  level a n d  th e se  d iffe re n c e s  
w ere  p lo t te d  in  F ig u re  3. As th e  p re ssu re  
o n  th e  cu rd  in c re ased  o r  as th e  soy  was 
f lav o red , th e  d eg ree  o f  d iffe re n c e  b e ca m e  
lo w e r even  fo r th o se  a t h ig h e r soy  c o n 
c e n tr a t io n  levels. T h is lo w  d eg ree  o f  d if 
fe re n c e  m ig h t hav e  c o n tr ib u te d  to  th e  
h igh  a c c e p ta n c e  o f  c u rd -b e e f  p a tt ie s  
a lth o u g h  th e ir  d iffe re n c e s  w ere  easily  
d e te c te d  b y  th e  p an el.

3 0 0  psi c u rd -b e e f  p a tt ie s
S o y  c u rd  su b jec ted , to  3 0 0  psi h ad  

c o m p o s itio n  and  p h y sic a l p ro p e rt ie s  very  
s im ilar to  g ro u n d  m ea t e x c e p t  th a t  its  
p e rc e n t  fa t a n d  ash  w ere  s lig h tly  h ig h er

(F ig . 4 ). T h is  h ig h e r  fa t a n d  h ig h er ash 
w as d u e  to  th e  use  o f  fu ll fa t so y b e a n s  
and  to  th e  a d d it io n  o f  C a S 0 4 to  th e  soy  
m ilk  to  p re c ip ita te  th e  p ro te in .  T h e  h ig h 
er fa t c o n te n t  w as re fle c te d  in  a c o rre 
sp o n d in g  in c rease  in  en erg y  s ince  th e  p ro 
te in  c o n te n t  re m a in e d  re la tiv e ly  c o n s ta n t. 
As th e  c o n c e n tr a t io n  o f  so y  w as in 
c reased , th e  to ta l  lo sses f ro m  d rip  an d  
c o o k in g  d e c re a sed  (F ig . 5). T h is s ta b iliz 
ing a b ili ty  o f  soy  p ro te in  c o n firm s  sim ilar 
o b se rv a tio n s  re p o r te d  b y  R o c k  e t al.
(1 9 6 6 ) ,  P ea rso n  e t al. (1 9 6 5 ) ,  C ircle an d  
J o h n s o n  (1 9 5 8 )  a n d  In k la a r  a n d  F o r tu in
(1 9 6 9 ) , w ho  w o rk e d  w ith  so y  f lo u r  c o n 
c e n tra te s  an d  iso la te s  in  w h ip p e d  to p 
p ings, f ra n k fu r te r s ,  sausages, b o lo g n a  an d  
f ro z e n  d esse rts . A t th e  10%  leve l o f  c u rd , 
w a te r  r e te n tio n  in  th e  p a tt ie s  se e m e d  to  
be  h ig h es t. T h is w as re f le c te d  in  larg e r 
a m o u n ts  o f  ju ic e  e x p re ssed , in  in c reased  
te n d e rn e s s  an d  in  a r e d u c t io n  o f  c o o k in g  
loss. W ith  a c o n f id e n c e  b e lt  o f  8 a t th e  
sig n ifican ce  level o f  5% , i t  w as fo u n d  th a t  
th e  d eg ree  o f  d iffe re n c e  in d ic a te d  b y  th e  
ta s te  p a n e l h a d  h igh  c o rre la t io n s  w ith  te x 
tu re , ju ic in e ss , p e rc e n t  fa t  a n d  p e rc e n t 
w a te r  c o n te n t .  T h e  p e rc e n ta g e  to ta l  losses 
c o rre la te d  very  w ell w ith  te n d e rn e s s , 
ju ic in e ss , p e rc e n t  c o o k in g  lo ss, p e rc e n t 
p ro te in , p e rc e n t  e th e r  e x tr a c t  a n d  p e rc e n t 
m o is tu re  c o n te n t  o f  th e  u n c o o k e d  p a tt ie s  
(T ab le  2).

6 0 0  psi c u rd -b e e f  p a tt ie s
A t a p re ssu re  o f  6 0 0  psi th e  so y  cu rd  

re su lte d  in  a 7%  re d u c tio n  o f  m o is tu re

KEY'-
Meat-curd with color only ;

Low pressure curd patties I

Fig. 1—Taste panel acceptance curves. Fig. 2 -N u m b e r  o f  taste panelists detecting a difference among soy 
concentration levels.
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Table 2—Correlation coefficient matrix for 300 psi soy curd-meat patties

Taste
panel %  %  %

Item
degree 
of diff. Texture

%
Juice

Drip
loss

Cooking
loss

Total
loss

%
Protein

%
EE

%
h 2o

%
Ash

Gross
energy

Taste panel
degree of diff 1 .58 -.97 .14 -.17 -.12 -.49 .83 -.80 .81 .83

Texture 1 .59 .56 .68 .80 .77 -.79 .70 -.76 -.70
% Juice 1 .65 .68 .83 .81 -.93 .93 -.92 -.92
% Drip 1 .19 .56 .36 -.67 .51 -.53 -.52
% Cooking loss 1 .92 .93 -.81 .88 -.89 -.88
% Total loss 1 .93 -.95 .95 -.97 -.96
% Protein 1 -.89 .92 -.94 -.92
% EE 1 -.98 .98 .98
% H20 1 -.99 -1.0
% Ash 1 .99
Gross energy

content when mixed with uncooked 
ground beef. Thus, the addition of curd 
resulted in an increase in percentage sol
ids in the curd-beef patties. As the result 
of this lower moisture content in the 
curd, the percentage of ether extract and 
ash increased (Fig. 6 ). The higher percent
age of ether extract, i.e., fat, contributed

to a higher caloric value. The increased 
amount of ash in the curd came from the 
CaS04  used for protein precipitation. 
The protein content of the patties re
mained quite constant with the addition 
of soy curd. The rapid decrease in texture 
resistance value at high curd concentra
tions (Fig. 7) was due to the tendency of

the patty to crumble rather than due to 
increased tenderness of the soy patties 
since much of the water necessary for 
binding had been pressed out and thus 
the patties at these high soy concentra
tions became relatively dry. The juiciness 
peak appeared at 5% curd level where 
drip and cooking losses were lowest. But

g

F i g .  7 - P h y s i c a l  p r o p e r t i e s  o f  6 0 0  p s i  c u r d - b e e f  p a t t i e s .
F i g .  8 - C o m p o s i t i o n  o f  1 1 0 0  p s i  c u r d - b e e f  p a t t i e s .
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F i g .  9 — P h y s i c a l  p r o p e r t i e s  o f  1 1 0 0  p s i  c u r d - b e e f  p a t t i e s .

according to taste panel results (Fig. 1) 
panelists would easily accept these patties 
up to 2 0 % curd content without the addi
tion of flavor.

On correlating the different variables 
with the taste panel’s sensitivity to detect 
differences in the patties, it was found 
that the taste panel scores had a high 
negative correlation to juiciness, percent
age of protein, and percentage of mois
ture as was also the case when 300 psi 
curd was used. The functional role of soy 
protein as a stabilizer and water retainer 
seems to be evident. It is interesting to 
note that the percentage of protein corre
lated highly with the percentage of cook
ing loss but not with the percentage of 
drip loss. This may suggest that during 
broiling the heat was high enough to alter 
the physical properties of protein such as 
its ability to bind water and fat, and/or 
denature the protein. Hence, cooking loss 
was accelerated during the broiling proc
ess. Taste panel results of patties with 
color only and with color and flavor add
ed were quite well correlated except that 
the addition of flavor sharply altered the 
taste panel’s response on textural aspects 
of the patties. Tenderness correlated high
ly with the percent juiciness, percent drip 
and cooking losses, percent protein, per
cent extract and percent moisture.

1 1 0 0  psi curd-beef patties
Soy curd subjected to 1100 psi was 

firm and contained a lower moisture and 
fat content than ground beef (Fig. 8 ). In 
contrast to curds that were subjected to 
300 psi and 600 psi, the percentage of fat 
here was slightly lower. This might be the 
result of pressure which may have been 
high enough to express some of the fat 
along with water from the curd. With the 
expression of water and some fat, the 
protein content increased by 6 .2 % over 
the 1 0 0 % meat patty.

Figure 9 shows the highest degree of 
tenderness for 1 1 0 0  psi curd-beef patties 
was at 5% curd concentration. At this 
curd level, the percentage of total losses 
from dripping and cooking was low and 
the percentage of juiciness was high. High 
concentrations of curd made the patties 
drier, less tender and therefore, less juicy 
in spite of a significant drop in losses 
from dripping and cooking. Patties could 
not be made with 75% or more 1100 psi 
curd because of the associated dryness 
and crumbling.

The taste panel did not easily detect 
the presence of 1 1 0 0  psi curd in beef pat
ties and failed to detect the different curd 
concentrations added. This conclusion of 
the panel was independent of the textural 
characteristics of the patties regardless of

flavor addition but correlated highly with 
juiciness, percent protein, percent fat and 
percent moisture of the patties.

Percentage of ether extract had a cor
relation of —0.78 with texture, 0.77 with 
juiciness and 0.8 with total losses. This 
correlation of percent ether extract with 
total losses was largely due to high cook
ing loss and not so much to drip loss. 
Since percent ether extract was low in 
1 1 0 0  psi curd, its contribution to gross 
energy was also low. An increase in gross 
energy thus came from the combustion of 
protein which had a correlation of 0.98 
with gross energy value.
Comparative study of soy patties

Juiciness had a high positive correla
tion with percentage of moisture in the 
soy-beef patties and it seems to depress 
the panel’s sensitivity to differences in 
curd concentration levels.

In general, the sensitivity of the taste 
panel to the degree of difference between 
soy concentrations in each set of meat- 
soy comparisons indicated that texture 
and juiciness had a tremendous impact on 
the panel’s judgment. The textural differ
ences between 300 psi, 600 psi and 1100 
psi curd-beef patties were also detected 
by the panel. The optimum meat-soy 
curd combination was found to be at 5% 
soy level with regard to tenderness, juici
ness, drip loss and cooking loss.

Since soybeans contain a very small 
amount of carbohydrates, its caloric value 
comes mainly from fat and protein. The 
increase in caloric value in 300 psi and 
1 1 0 0  psi curd-beef patties were due to 
their high fat and protein contents, respec
tively. Thus, these high protein and fat 
contents in the soy curd-beef patties may 
provide an acceptable and cheap energy 
source in the worldwide problem of pro
tein-calorie malnutrition.
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SPECIFICITY OF LIPOLYSIS DURING DRY SAUSAGE RIPENING

INTRODUCTION
LIPID forms the major fraction in dry 
sausages, also known as fermented sau
sages. The distinctive flavors of these 
products were found to be related, at 
least in part, to the hydrolytic and oxida
tive changes occurring in the lipid frac
tion during ripening (Maillet and Henry, 
1960; Alford et al., 1971; Nurmi and 
Niinivaara, 1964). Hydrolytic changes, 
involving liberation of glycerol ester 
bound fatty acids, and here referred to as 
“lipolysis,” are due mainly to bacterial 
lipase activity (Cantoni et al., 1967a; 
Gervasini and Caserio, 1969; Lubienicki 
v. Schelhorn, 1972), although muscle 
and adipose tissue lipases may also be 
active (Wallach, 1968). Furthermore, 
bacterial metabolism is an important, if 
not major cause, of oxidative changes 
in the unsaturated fatty acids, resulting 
in the production of lipid peroxides 
and carbonyl compounds (Wahlroos and 
Niinivaara, 1969; Alford et al., 1971). 
Lipid peroxides, formed by nonenzymat- 
ic oxidation, can be further metabolized 
by bacteria to carbonyl compounds and 
fatty acids (Smith and Alford, 1969; 
Cerise et al., 1973). Although Alford et 
al. (1971) found no correlation between 
lipase production and the oxidative activi
ties of microorganisms, Cantoni et al. 
(1967b), Cerise et al. (1973) and Coretti 
(1965) suggest, that peroxides and car
bonyls in dry sausage are formed from 
free fatty acids (FFA), liberated by lipol
ysis. If so, selective hydrolysis of unsatu
rated fatty acids may be a factor, control
ling further oxidation and, thus, flavor. In 
recent years, an extensive literature has 
accumulated demonstrating lipolysis dur
ing dry sausage ripening. Maillet and 
Henry (1960) stated that FFA content 
may reach values up to 5—7% in the fin
ished product. Such high values were 
reported for Eastern European very dry 
sausages, with long ripening periods 
(Stanculescu et al., 1970) as well as for 
dry sausages, with shorter ripening 
periods (Wurziger and Ristow, 1966). 
Values between 1 and 5% can be calcu-

1 P r e s e n t  a d d r e s s :  F . A . O . — U . N . D . P . ,  P . O .  

B o x  9 1 3 ,  S u d a n

Table 1—Composition of sausage mixture

Ingredient Amount

Cooled, deboned and chopped pork 3 kg
Cooled, deboned and chopped beef 4 kg
Cooled and chopped lard 3 kg
Salt (NaCI) 255g
Coloring salts (KN03 + I\lal\l02) 20g
Sugars3 70g
Soy protein concentrate 80g
Smoke concentrate 10g
Spices 35g
Polyphosphates 10g

a A commercial preparation, containing oligo
saccharides with small amounts of ascorbic 
acid, glircono-delta-lactone and salt was used. 
In batch A, 5g of glucose was added to 7g of 
the preparation.

lated from data reported by Ten Cate 
(1960); Terplan (1969); Duda (1966); 
Mihalyi and Kormendy (1967); Cantoni 
et al. (1967a) and Wahlroos and Niini
vaara (1969).

Evidence indicating selective liberation 
of unsaturated fatty acids has been re
ported occasionally (Duda, 1966; Wahl
roos and Niinivaara, 1969). In these 
studies, however, determination of total 
FFA is by titration of a lipid extract 
while individual FFA are identified by gas 
chromatography after extraction of FFA 
alkali salts with aqueous or ethanolic 
alkali. This method can cause artifactual 
generation of FFA by hydrolysis of esters 
(Meinertz, 1971; Laurell, 1957), while 
alkaline extracts are selectively enriched 
in short-chain and unsaturated fatty acids 
(Stoll, 1972; Demeyer and Hoozee, un
published results). In this paper, we re
port a systematic study of lipolysis during 
dry sausage ripening, using a combination 
of thin-layer and gas chromatography to 
quantitate individual lipid classes, as re
cently described by Christie et al. (1970).

EXPERIMENTAL
Preparation of sausage

Separated by a period of 2 m onths, two 
batches o f 10 sausages each were prepared by a 
local butcher, according to usual practice. A

m ixture o f ingredients (Table 1) is homoge
nized in a cutter. The resulting emulsion is 
filled into artificial casings using a hand- 
operated filler, and the sausages transferred into 
hermetically closed pans where they are kept 
under partial vacuum (water pum p) at 23°C for 
5 (batch A) or 3 days (batch B). They are then 
hung in a conditioning cabin at 22° C (RH 
90-95% ) until the eighth day and a t 19°C (RH
85-90% ) until the twelfth day. During this 
period, an overnight treatm ent with cold smoke 
is carried out. At last, they are transferred to 
the drying chamber, where they are kept at 
18°C and 75% RH until ready for consum ption 
(after 4 0 - 5 0  days). Sausage diam eter was 70 
mm (batch A) and 90 mm (batch B).
Sampling procedure

At different stages o f the ripening process, a 
sausage was transported to the laboratory. 
After removing the casing, it was m ixed three 
times in a commercial m eat grinder and the 
m ixture used immediately for analysis or stored 
in air tight bottles a t -2 0 ° C  for periods up to 2 
wk.
Analytical methods

Samples were analyzed for dry m atter, 
crude protein (Kjeldahl m ethod) and crude fat 
(ether extract) according to standard m ethods 
o f the E.E.G. (Europese Economische Gemeen- 
schap), currently in use in this laboratory 
(Anonymous, 1971, 1972).
Quantitative determination 
of lipid classes

A 10-g sample was hom ogenized for 1 min 
in a Virtis Apparatus (Gardiner, N.Y.) with 20 
ml o f a chloroform /m ethanol m ixture (2/1 v/v). 
The hom ogenate was filtered on a Buchner 
filter and the residue with Whatman No. 1 filter 
paper, again hom ogenized for 1 min with 20 ml 
o f the same m ixture and filtered. Filtrates were 
pooled and dried over anhydrous Na2S 0 4 .1  ml 
o f ex tract was spotted  on 20 x  20 cm glass 
plates, coated with Kieselgel G (Merck, Darm
stadt, Germany) in 0.5 mm thick layers and the 
plates developed with hexane-diethylether- 
acetic acid (75 /25 /2  v/v/v). Lipid classes were 
detected under UV after spraying with a 0.1% 
w/v solution o f 2.4-dichlorofluorescein in etha
nol and identified by comparison with stand
ard mixtures. (Nu-Check -  Prep. Lab., Minn., 
U.S.A.) containing cholesterol oleate, triolein, 
oleic acid and lecithin (Standard no. 18-5-A) 
and m onopalm itin, dipalm itin, tripalmitin and 
m ethyl palm itate (Standard no. 16-0-A). Tri
glycerides, free fa tty  acids (FFA), diglycerides, 
monoglycerides and polar lipids were scraped 
from the plate in to  ampules (with a constricted 
neck for sealing) containing an appropriate 
am ount o f heptadecanoic acid (Margaric Acid,
E. Merck, Darm stadt, Germany) as internal
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Table 2—Crude fat content and total fatty acids in dry sausages of batch A (g/100g of dry matter)

Stage of ripening (days) Mean value
0 5 8 12 19 27 33 40 ± S.E.

Crude fat 63.2 60.5 63.2 68.9 65.8 64.1 63.7 67.1 64.5 ± 2.9
Total fatty acids 51.1 56.7 54.6 49.4 53.7 51.2 46.4 58.1 52.6 ± 1.3

standard. Preliminary experiments showed that 
the proportion of this acid in sausage lipids was 
always less than 0.5% (Stoll, 1972). Esterifica
tion was carried out with m ethanolic H 2 S 0 4 
(230/2  v/v). The sealed ampules containing 
about 5 ml o f this reagent were heated in a 
boiling water bath for 1 hr. Methylesters were 
extracted three times with petroleum  ether; 
pooled extracts were washed with 1120  (three 
times) and evaporated to dryness under N 2 at 
30°C. The residue was dissolved in an appro
priate am ount o f hexane and analyzed by gas 
liquid chrom atography as described by De- 
m eyer and Henderickx (1967), bu t using 
Chrom osorb W AW DMCS high performance 
(Hewlett-Packard, U.S.A.) as support. Fatty  
acid com position was determined directly from 
the proportionalities o f the peak areas, calcu
lated by triangulation. The weight o f each in
dividual fa tty  acid, present in each class, was 
calculated from the am ount o f IS added as:

a
A = Xa ’ Xa

where: a = mg of IS added; A = mg of fa tty  acid 
present; Xa , XA = peak area o f fatty  acid (X A) 
or IS (Xa). The to ta l am ount o f fatty  acids 
present in each class, was obtained by the addi
tion of the individual amounts.
Determination of carbonyl compounds

Total aldehydes were determined on ap
proxim ately 2g o f sample, using the benzidine 
reaction as described by Toth (1970). The 
am ount o f aldehydes present was calculated 
from the absorbance measured, using the molar 
absorption of the heptanal reaction product as 
1,370 (Holm et al., 1957) and an average 
molecular weight o f 91. Indeed, Langner
(1972), Halverson (1972) and Cantoni et al. 
(1967a) showed that mainly aliphatic saturated 
aldehydes are present in dry sausage, and from 
the com pounds listed by Langner (1972) an 
average molecular weight o f 91 can be calcu
lated. For batch A, total carbonyl com pounds 
were also isolated as 2,4-dinitrophenylhydra- 
zones (DNP-hydrazones) on a celite column, 
impregnated with DNP-hydrazine (Schwartz et 
al., 1963) as described by Hansen and Keeney
(1970). The sample (lOg) was m ixed in a 
m ortar with celite 545 to a dry powdery paste 
and extracted with 200 ml o f carbonyl free 
hexane (Hornstein and Crow, 1962) in a recip
rocating shaker (24 hr). The m ixture was fil
tered onto the colum n, carbonyl-free hexane 
added and the effluent collected (500 ml; 2 - 3  
m l/m in). The same volume of effluent was 
collected from a blank colum n w ithout sample. 
From  the absorbance o f the hexane effluent, 
corrected for the blank, and measured at 340 
m p, the concentration o f carbonyl compounds 
was calculated, using a mean molar absorption 
o f 22,500 (Jones et al., 1956).

RESULTS & DISCUSSION

FIGURE 1 SHOWS a 15-20% increase in 
dry matter content during the ripening 
process. Average values for crude protein 
content in dry matter were 27.8 ± 1.0% 
(mean ± S.E., 40 determinations on 8  dif
ferent stages in the ripening process) for 
batch A and 34.6 ± 0.2% for batch B (35 
determinations on 7 different stages). 
Crude fat content was determined for 
batch A, and found to be higher than the 
total fatty acid content as determined on 
the lipid extract using margaric acid as 
the internal standard (Table 2). This dis
crepancy is obviously, at least partly due 
to the presence of glycerol and lipids con
taining no fatty acids such as cholesterol 
in the crude fat. The up and down varia
tion in both crude fat and total fatty 
acids occurring during ripening may in

dicate stick-to-stick variation due to 
incomplete mixing during manufacture. 
The validity of the method used to quan
titate fatty acids in lipid classes is illus
trated by data presented in Table 3. The 
total fatty acids, determined on the lipid 
extract, were recovered by addition of 
fatty acids determined in lipid classes. To 
correct for variations in this recovery, 
fatty acid distribution in lipid classes, is 
expressed as % of the total obtained by 
addition. These data, for various stages of 
the ripening process, are presented in 
Figure 2 .

It is clear that a continuous decrease in 
triglyceride fatty acids during ripening 
occurs, with corresponding increases in 
FFA, diglycerides and, less prominent, 
monoglycerides. Polar lipid fatty acids 
only decrease later in the ripening proc
ess. At the end of this process, FFA rep-

Table 3—Recovery of total fatty acids in lipid classes, as determined at various stages of 
ripening

Stage of 
ripening 
(days) 
Batch 

A B

1 Total fatty acids determined 
on lipid extract (g/100g dry matter)

II Total fatty acids recovered in 
lipid classes (% of 1)

Batch A Batch B Batch A Batch B

0 0 51.1 40.8 87.3 99.9
5 3 56.7 36.9 90.0 107.1
8 8 54.6 44.4 95.2 98.6

12 13 49.4 41.0 94.3 107.0
19 16 53.7 44.9 97.2 101.9
27 37 51.2 53.7 99.0 93.6
33 50 46.4 45.6 92.9 107.1
40 58.1 92.3

52.6 ± 1.3® 43.9 ± 6.3a 93.5 ± 4.2a 102.1 ± 6.2a

a Mean value ± S.E.

Table 4—Average fatty acid composition of lipid classes in dry sausage (%)a

Fatty
Acidb

Triglycerides 
Batch A Batch B

Diglycerides 
Batch A Batch B

Monoglycerides 
Batch A Batch B

16:0 25.8 24.9 29.5 25.3 32.2 28.0
18:0 14.2 13.0 10.2 9.5 12.7 12.4
18:1 45.9 48.4 46.4 48.9 44.3 48.6
18:2 9.6 7.5 9.2 8.4 7.0 6.6

a Only major fatty acids are shown
b Shorthand notation gives number of carbon atoms:number of double bonds.



L I P O L Y S IS  I N  D R Y  S A U S A G E - 2 9 5

F i g .  1 — I n c r e a s e  i n  d r y  m a t t e r  c o n t e n t  ( %  D M )  F i g .  2 — C h a n g e s  i n  f a t t y  a c i d  d i s t r i b u t i o n  o v e r  l i p i d  c l a s s e s  ( % )  d u r i n g  t h e  r i p e n i n g  p r o c e s s :  M . G .  

w i t h  t i m e .  ( m o n o g l y c e r i d e s ) ,  D . G .  ( d i g l y c e r i d e s ) ,  T . G .  ( t r i g l y c e r i d e s ) ,  F . F . A .  ( f r e e  f a t t y  a c i d s )  a n d  P . L .

( p o l a r  l i p i d s ) .

F i g .  3 — %  o f  t o t a l  p a l m i t i c  ( 1 6 : 0 ) ,  s t e a r i c  ( 1 8 : 0 ) ,  o l e i c  ( 1 8 : 1 )  a n d  l i n o l e i c  ( 1 8 : 2 )  a c i d  p r e s e n t  i n  F F A .

resent approximately 5% of the total 
fatty acids or less than 2 % of the sausage 
weight. No difference was observed be
tween the two batches, although micro
cocci counts tended to be higher in batch 
A (De Ketelaere et al., 1974). Micrococci 
are generally accepted to be the major 
group of microorganisms responsible for 
lipolysis in dry sausage (Cantoni et al., 
1967a; Nurmi and Niinivaara, 1964), but 
evidence is available for production of 
lipases by lactobacilli (Coretti, 1965; 
Oterholm et al., 1968). Lipases are 
known to hydrolyze preferentially the 
outer fatty acids of a triglyceride mole
cule (Alford et al., 1971). The accumula
tion of diglycerides, together with FFA, 
suggests that preferentially one of the 
outer positions is attacked. It is known, 
that pig fat triglycerides show a particular 
fatty acid distribution pattern, most of 
the stearic acid (ca. 60%) being present 
at position 1 , palmitic acid (60—80%) 
at position 2  and octadecenoic acids 
(50—60%) at position 3 (Brockerhoff, 
1966). If the lipases specifically attack 
position 1 or position 3 bound acids, the 
fastest rate of lipolysis should be ob
served, either for stearic acid or for octa
decenoic acids.

The percent distribution over the lipid 
classes of total palmitic, stearic, oleic and 
linoleic acid present was calculated for all 
samples, and showed that linoleic acid 
was liberated into the FFA fraction at a 
faster rate than all other acids. Rate of 
lipolysis decreased in the order linoleic >  
oleic >  stearic >  palmitic acid (Fig. 3).

As the molecular weights of these 
acids differ only slightly these results 
clearly indicate specificity of lipolysis for

position 3 of the triglycerides. The differ
ence observed for linoleic and oleic acids 
may be related to a specificity for fatty 
acid structure, as both positional and 
structural specificity are known to occur 
in microbial lipases (Alford et al., 1971). 
Diglycerides and monoglycerides are en
riched in palmitic acid, as shown by their 
mean fatty acid composition, calculated 
over the whole ripening period (Table 4).

The evolution of the carbonyl com
pounds during the ripening process is il
lustrated in Figure 4. For batch A, results 
obtained using the benzidine reaction are 
lower than those obtained with DNP- 
hydrazine, in the first week of the ripen
ing period, indicating the presence of 
a large proportion of ketone compounds. 
Later in the ripening process, similar

amounts were found using both methods. 
In both batches, carbonyls increased dur
ing the first week of ripening, decreased 
after smoking and again increased to 
final values of about 300 ¿umoles/lOOg 
of dry matter or about 150/rmoles/ lOOg 
of sausage. This is somewhat lower than 
values reported by Langner (1972): 16.7 
— 143.4 mg/100g of sausage or 200 — 
1,400 jumóles/lOOg of sausage. The initial 
increase is probably due to compounds 
formed in carbohydrate fermentation, 
most intensive in this period (De Ketel
aere et al., 1974), while the increase in 
the last stages may be due to further 
metabolism of lipid peroxides, as sug
gested by Cerise et al. (1973). The de
crease, observed after smoking, was also 
reported by Langner et al. (1970).
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STOICHIOMETRY OF CARBOHYDRATE FERMENTATION 
DURING DRY SAUSAGE RIPENING

INTRODUCTION

DENATURATION of salt soluble pro
teins during ripening of dry sausage is 
brought about by a decrease in pH due to 
the production of lactic acid by bacterial 
metabolism of carbohydrates added or 
present in the meat (Ten Cate, 1960; 
Tändler, 1963). According to Ten Cate 
(1960) lactic acid is mainly formed fol
lowing the stoichiometry of homofermen
tation: C6 H 1 2 0 6  -> 2 CH3 CHOHCOOH. 
This stoichiometry can be used to calcu
late the amount of carbohydrates re
quired, to produce sufficient lactic acid 
for the desired decrease in pH. Amounts 
obtained by such calculation were always 
lower than actual amounts of carbohy
drates needed (Andersen and Ten Cate,
1965). The authors explained this dis
crepancy, arguing that part of the carbo
hydrate was metabolized following heter- 
ofermentative pathways to products such 
as acetic acid or ethanol. Indeed, the pres
ence of ethanol in dry sausage was re
ported by Pezacki and Szostak (1962), 
whereas Halverson (1973) recently re
ported the presence of acetic acid and 
other volatile fatty acids. Coretti and 
Scheper (1966) also pointed out the 
importance of heterofermentation and 
drew attention to the work of Pezacki 
and Szostak (1962), who reported the 
presence of pyruvic acid, in concentra
tions similar to those of lactic acid, as an 
end-product of bacterial metabolism in 
dry sausage (see also Pezacki, 1970). 
These acids were formed, mainly from 
substrates other than carbohydrates, as 
their concentration was not affected by 
the addition of sucrose to the sausage 
mixture prepared from meat containing 
very little glycogen. In contrast to these 
findings, radioactivity of added U-14C 
glucose, was mainly recovered in lactic 
acid, whereas only minor amounts 
appeared in pyruvate (Fiszer, 1970). 
Also, Andersen and Ten Cate (1965) 
rightly pointed out that pyruvate is an 
intermediate in carbohydrate metabolism 
and only rarely accumulates as an end- 
p roduct in bacterial fermentations. 
Pezacki and Jarozewski (1963) observed 
C02  production and 0 2 consumption 
during dry sausage ripening, and, from 
further results, obtained with l-6 -14C

Table 1—Composition of sausage mixture 
(expt 2 and 3)

Ingredient Amount

Cooled, deboned and chopped beef 75 kg
Cooled, deboned and chopped pork 25 kg
Cooled and chopped lard 40 kg
Cooled and chopped pork-rind 8 kg
Salt (IMaCI) 4.3 kg
Coloring salts (NaN02 + KN03)a 50g
Sugar mixture*3 6 kg
Smoke concentrate 150g
Monosodium glutamate 150g
Pepper 450g
Starter culture0 75g

a Added with NaCI: 36g of KNO, + 14g of 
NaN02

k 4.5 kg in expt 3
c Only in expt 3, equivalent to 1010 cells/kg 

and 68g of glucose

glucose (Pezacki and Fiszer, 1966), it was 
concluded that oxidative dissimilation of 
carbohydrates and other compounds can 
occur during the last stages of ripening.

In view of the complexity and discrep
ancy of the available data, the experi
ments described in this paper were carried 
out to evaluate the stoichiometric rela
tionship between the disappearance of 
carbohydrates and the production of 
organic acids during dry sausage ripening.

EXPERIMENTAL
Preparation of sausages

Three experiments were carried out, involv
ing three batches o f sausages. In expt 1, batch B 
described in the preceding paper (Demeyer et 
al., 1974) and prepared by a local butcher was 
used. In expt 2 and 3, two batches were pre
pared simultaneously in a local factory. The 
composition of the sausage m ixture is given in 
Table 1 and differed by the addition in expt 3 
of a starter culture, containing lactobacilli and 
micrococci (Duploferm ent 66, Rudolf Muller 
and Co, Giessen, Germ any), and 1% less o f a 
“ sugar m ixture” was added. The sugar m ixture 
was prepared in the factory, by mixing three 
commercial products, and contained, as ana
lyzed in our laboratory 52.8% of total carbohy
drates, 25.5% crude protein, 6.3% ash and 6.0% 
H20 .  Thin-layer chromatography (Lato et al.,
1969) showed the presence of lactose and glu

cose only. The sausage m ixture is filled into 
semi-synthetic casings using a vacuum filling 
machine (Alexander Werke F.K.V. 300, Rem- 
scheid, Germany). The sausages (approx. 3.5 kg 
each, diam 105 mm) were then transferred to a 
conditioning chamber for 6 days. During this 
period, tem perature was gradually lowered 
from 22°C to 18°C and RH from 95% to 85%, 
while cold smoke was applied 3 hr daily. They 
were then transferred to a drying chamber, 
where they were kept for a further 30 days at 
16°C and 85% RH, until ready for consump
tion.

Analyses were also carried out on nine dif
ferent brands of dry sausages (num bered 1 to 9) 
as obtained from various shops.

Sampling procedure
At different stages of the ripening process, a 

sausage was transported to the laboratory (expt 
1) or a sample o f approx. 500g was removed, 
making a transverse cut (expt 2 and 3). The cut 
surface of the remaining sausage was sealed off 
by immersion in liquid gelatin, after each sam
pling. Samples were treated as described previ
ously (Demeyer et al., 1974).
Analytical m ethods

Samples were analyzed for dry m atter, 
crude protein (Kjeldahl m ethod) and crude fat 
(ether extract) according to E.E.G. standard 
m ethods, currently in use in this laboratory 
(Anonym ous, 1971, 1972). Using a Radiometer 
22 apparatus (Radiom eter, Copenhagen) with 
expanded scale, pH was measured by careful 
insertion of pointed electrodes in the sample 
(casing removed). Protein, soluble in buffer of 
low ionic strength (Sarcoplasmic protein) and 
in buffer of high ionic strength (myofibrillar 
protein) was determined according to Mihalyi 
and Kormendy (1967), but samples were centri
fuged (10 min at 3.000 x  G) and not filtered.

For the determ ination of total carbohy
drates, lactic acid and pyruvic acid, 5g o f sam
ple was homogenized with 50 ml o f 0.6N 
HC104 (approx. 60°C) in a Virtis homogenizer 
(Gardiner, N.Y.) for 3 min at max speed. The 
m ixture was centrifuged (10 min at 7.000 x  G), 
the residue washed with 0.6N HC104 , filtered, 
the filtrate added to the supernatant and made 
to volume (100 ml). Aliquots were used for the 
determ ination of lactic acid by micro-diffusion 
analysis in Conway discs (4 hr at 37°C) (Con
way, 1957), determ ination of pyruvic acid as 
total a-keto acids (Um breit et al., 1959) and 
determ ination of total carbohydrates using the 
anthrone reagent as described by Herbert et al.
(1971). Using the latter m ethod and glucose as 
standard, an average recovery of 99.8% was ob
tained for glycogen, dextrines, starch, sucrose 
and maltose. Although the anthrone m ethod is 
known to be less sensitive for lactose (recovery 
obtained = 82%), comparison with the phenol
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F i g .  7 - C h a n g e s  i n  p H  a n d  d r y  m a t t e r  ( D . M . )  d u r i n g  d r y  s a u s a g e  r i p e n i n g .
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Table 2—Recoveries of volatile fatty acids 
added to sausage

Acetic
acid

Propionic
acid

Butyric
acid

nmoles present 155.9 1.4 1.0
nmoles added 35.3 13.4 17.4

Total 191.2 14.8 18.4

Total nmoles
recovered 196.6 17.8 18.3

m ethod (Herbert et al., 1971) on samples con
taining lactose showed that differences were 
within the experimental error.

Volatile fatty acids (VFA) were isolated by 
steam-distillation: 5g of sample were mixed 
with 10 ml of H20  and 3g of M gS04 • 7 H 20  
in a Virtis homogenizer. The m ixture was trans
ferred to a Markham Still and 5 ml o f 85% 
H 3PO„ (A.R. Merck, Darm stadt, Germany) 
added. The outle t o f the condensor was im
mersed in 10 ml NaOH 0.1N containing phenol- 
phtaleine and 200 ml of condensate was col
lected. The alkaline distillate was evaporated 
under reduced pressure in a rotary evaporator 
and the dry salts dissolved in 2.5 ml o f 10% 
H3 P 0 4 . The VFA were separated as free acids 
by gas-liquid chromatography using 5 jul of 
solution and an F&M 700 apparatus (Hewlett- 
Packard, Brussels) equipped with a ñame ioni
zation detector, as described in earlier work 
from this laboratory (Van Nevel et al., 1969). 
Q uantitation was carried out by comparison of 
sample peak heights with peak héights of stand
ard mixtures, also subjected to steam distilla
tion and injected at regular intervals between 
samples. Table 2 shows recoveries obtained for 
known amounts o f VFA added to a sausage 
sample. Carbonyl com pounds were determined 
as saturated aldehydes (mean M.W. 91) using 
the benzidine reagent as described earlier 
(Demeyer et al., 1974).
Quantitative determination of bacteria

In expt 1, before grinding the sausage, a 
slice was removed with a knife. The sample was 
weighed, homogenized (1 min) and diluted ten
fold in a Waring Blendor, (14,000 rpm) using a 
solution containing 0.1% peptone, 0.85% NaCl 
and 0.04% agar. Inoculation, incubation and 
counting of bacteria was carried out using the 
ringed-plates technique described by Van der 
Heyde (1963, 1964). Lactobacilli were incu
bated anaerobically on Rogosa SL agar and 
Micrococci aerobically on S 110 agar (Difco).

RESULTS & DISCUSSION
FIGURE 1 SHOWS that in all experi
ments, dry matter content increased to 
approximately 60% during the ripening 
process. Values of pH dropped from an 
initial value of about 5.8 to approxi
mately 4.8 during the first 15 days of 
ripening, and changed little afterwards, 
except for expt 1 where an increase was 
observed. The drop in pH coincides with 
an accumulation of lactic acid and the 
disappearance of carbohydrates (Fig. 2), 
both of these processes being nearly com
pleted after 15 days of ripening. Together

with lactic acid, smaller amounts of acetic 
acid are formed (Fig. 2) and very small, 
but significant amounts of propionic and 
butyric acids ( 1 0 - 2 0  jUmoles/1 0 0 g dry 
mater). No a-keto acids could be de- 
tec~ed by the method used, whereas total 
carbonyl concentration never exceeded 
0.5 mmole/lOOg dry matter. The percen
tage of total crude protein, soluble as 
“myofibrillar protein,” decreased from 
approximately 45% to 25% during the 
firs: 1 5 days of ripening, whereas “sarco
plasmic protein” decreased from approxi
mately 18% to 5% after 35 days of ripen
ing. The presence of a starter culture in

expt 3 did not produce significant changes 
for any of the characteristics measured 
(Fig. 1, 2 and 3).

From the amounts of carbohydrates, 
expressed as mmoles of hexose, and the 
amounts of lactate and acetate produced, 
fermentation balances can be calculated, 
according to the reactions:

C6 H, 20 6 -» 2CH3CHOHCOOH

and C6 H 1 2 0 6 + 2H2 O -> 2CH3COOH +
2C02 + 8 H

It is clear from these reactions, that for
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o Expt. 2 •  Expt. 1 A Expt.3

Fig . 3 —Changes in  p r o te in  s o lu b i l i t y  d u r in g  d r y  sausage rip e n in g .

pH

5.2 ■ 
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4.8 ■
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4.4 ■
4.2 -

:

80 100
_j__ _ Lact  a t e
120

(mmoles/ 100g of crude protein)

F ig . 5 —R e la tio n s h ip  b e tw e e n  p H  a n d  la c ta te  

c o n c e n tra t io n  (d a ta  f ro m  T a b le  4 ).

l o g . v a l u e s / g  s a u s a g e

•  Lactobacilli °  Micrococci

t o g . v a lu e s /g  s a u s a g e

Fig . 4 —C o u n ts  o f  la c to b a c i l l i  ( • )  a n d  m ic ro c o c c i ( o )  a t  d i f fe r e n t  stages o f  r ip e n in g .

each mole of hexose disappearing, two 
moles of lactate and/or acetate should be 
formed. The theoretical amounts of these 
acids, calculated from hexose metabo
lized, are compared to the amounts 
actually found for the different periods 
of the ripening process, as well as for the 
whole period, in Table 3.

It can be seen that for the whole peri
od, in expt 2 and 3, the amounts of lac
tate and acetate found correspond to the 
amounts calculated, indicating that all 
hexose metabolized was anaerobically 
converted to lactate and acetate, the 
former being the major end-product. For 
the period 15-36 days (Table 3), the 
amounts of lactate + acetate found differ 
significantly from the amounts calcu
lated. This may indicate lactate produc
tion from substrates other than carbohy

drates (expt 3) or further metabolism of 
lactate formed (expt 2). However, these 
differences are within experimental error 
when the whole period is considered. In 
expt 1 , lactate and acetate found can 
only account for about 2/3 of all hexose 
metabolized, indicating that other end- 
products were formed. The small a- 
mounts of propionate, butyrate and 
carbonyl compounds formed cannot ex
plain this discrepancy. However, regenera
tion of reduced cofactors in anaerobic 
carbohydrate fermentation may produce 
other reduced compounds such as ethanol 
and other low molecular weight alcohols, 
not determined in these experiments. In 
view of the magnitude of the discrepancy, 
and the low concentration of ethanol re
ported elsewhere (Pezacki and Szostak, 
1962), a more likely explanation may be

related to the initial presence of more 
oxygen in the sausages of expt 1 , as com
pared to expt 2 and 3. Indeed, whereas 
sausages were vacuum filled in the latter 
experiments, they were not in the former. 
A higher oxygen concentration may in
duce a complete oxidation of part of the 
carbohydrate, with production of C02 

and H2 0. Such oxidative dissimilation of 
carbohydrates has been suggested for the 
last stages of ripening by Pezacki and 
Fiszer (1966). However, as is clear from 
Table 3, the discrepancy between end- 
p roducts found and substrate metabo
lized, is most prominent for the first 3 
days of ripening. In all experiments, fer
mentation balance discrepancies were 
observed for the last period of ripening 
(Table 3), but the amounts involved are 
of minor importance, compared to the 
first two periods.

Although very early in the ripening 
period lactobacilli become the predomi
nant flora of dry sausages, ripening under 
the conditions described, the number of 
micrococci initially present is comparable 
to the number of lactobacilli (Reuter et 
al., 1968). Micrococci may contribute to 
complete oxidation of carbohydrate dur
ing the first days of the ripening period. 
In expt 1, micrococci and lactobacilli 
were enumerated and comparable num
bers were only observed for the first sam
ple (Fig. 4). Numbers of micrococci 
tended to be higher, however, in samples 
obtained from batch A, described in the 
preceding paper (Demeyer et al., 1974), 
ripened under similar conditions as batch 
B (expt 1) and for which preliminary re
sults on carbohydrate metabolism indi
cated even more prominent fermentation 
balance discrepancies (Fig. 4). Although 
the stoichiometry clearly indicates a dif
ferent pattern of carbohydrate metabo
lism in expt 1, compared to expt 2 and 3,
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Table 3—Fermentation balances, calculated at various stages of dry sausage ripening

Period Hexose fermented3 Lactate + Acetate form ed3
(days) Expt 1 E>pt 2 Expt 3 Expt 1 Expt 2 Expt 3

0 -3 7.17 3 83 3.56 7.82(14.34)b 9.07(7.66) 6.01(7.12)
3 -1 5 4 30 4.56 7.17(8.60) 8.33(9.12)
3 -1 6 7.68 13.12(15.36)

1 5 -  36
1 6 -  50 0.84

2 38 0.75
0.61(1.68)

2.42(4.76) 3.88(1.50)

0 -3 6 10 51 8.87 18.66(21.02) 18.22(17.74)
0 -5 0 15.69 21.55(31.38)

3  A l l  r e s u l t s  e x p r e s s e d  a s  m m o l e s / 1 0 0 g  o f  d r y  m a t t e r

b  N u m b e r s  i n  p a r e n t h e s e s  a r e  t h e o r e t i c a l  v a lu e s  c a l c u l a t e d  f r o m  g lu c o s e  f e r m e n t e d .

Tab le  4 —C o m p o s it io n  o f  d ry  sausage

Brand
1 2 3 4 5 6 7 8 9 Mean ± S.E.

Dry matter (D.M.)
(%) 58.6 62.2 73.1 64.0 70.2 65.6 65.0 66.4 61.6 65.1 ± 1.5

Protein (% D.M.) 29.7 27.5 25.4 26.7 31.0 28.2 30.0 27.9 27.0 28.1 ± 0.6

Fat (% D.M.) 60.0 — 66.8 61.2 61.1 60.6 60.3 56.5 62.1 61.0 ± 1.0

pH 4.86 4.70 5.23 4.72 5.31 4.94 4.90 4.72 4.48 4.87 ± 0.09

% of protein as
M yofib rilla r 35.4 18.8 23.4 20.2 31.5 26.1 17.1 17.0 27.8 24.1 ± 2.2

Sarcoplasmic 8.9 7.1 8.6 7.1 9.5 6.2 7.5 9.4 8.1 8.0 ± 0.4

Organic Acids
Lactate3 36.4 27.7 -8.8 25.4 22.7 29.3 32.7 31.2 30.8 28.3 ± 1.8

Acetate3 4.2 1.7 1.8 2.1 3.1 3.4 1.4 1.8 2.4 2.4 ± 0.3

Butyrate*3 21.0 22.7 '9 .8 9.5 13.4 8.2 4.2 13.1 19.1 14.5 ± 2.1

Propionateb 17.2 6.2 7.8 4.6 45.3 5.9 6.8 8.4 3.9 11.7 ± 4.4

Carbonyl
compounds'3 222 360 253 246 213 416 796 345 162 334 ± 64

Hexoses3 7.8 10.6 20.0 7.5 1.9 1.6 6.9 21.3 5.7 9.3 ± 2.4

3  m m o l e s / 1  O O g  o f  D . M .  

b  j u m o le s / 1  O O g  o f  D . M .

the absolute amounts of lactic and acetic 
acid formed in all experiments are similar 
(Table 3).

Also, the final concentrations of these 
acids, as well as other characteristics 
measured are similar to the mean values 
calculated for nine samples obtained com
mercially (Table 4). Individual values of 
pH for these samples were found to be 
inversely related to the concentration of 
lactic acid, expressed per 1 0 0 g of crude 
protein, as suggested by Andersen and 
Ten Cate (1965) (Fig. 5).
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CHANGES IN NON PROTEIN NITROG EN COMPOUNDS 
DURING DRY SAUSAGE RIPENING

INTRODUCTION

IT IS well known, that the concentration 
of water soluble nitrogen compounds in 
dry sausage increases during ripening and 
can reach values up to 25% of the total 
nitrogen (Maillet and Henry, 1960;Niini- 
vaara et al., 1961; Mihalyi and Kor- 
mendy, 1967). The composition and con
centration of several groups of these 
compounds, such as free amino-acids, 
peptides, nucleotides and nucleosides 
determine to a large extent the final 
aroma of dry sausage (Dahl, 1970).

The availability of automated analysis 
has recently intensified research into free 
amino acid production in dry sausage 
(Reuter and Langner, 1968; Langner,
1969) which is at least partly due to bac
terial protease activity (Pohja and Niini- 
vaara, 1966; Sajber et al., 1971). Also, 
Cantoni et al. (1967) stated that the 
major nucleotide present initially in sau
sage is inosinic acid (IMP) formed by 
deamination of adenylic acid, soon after 
rigor mortis. During ripening, phospho- 
monoesterase and nucleosidase activity 
produce inosine nucleoside and hypo- 
xanthine respectively from inosinic acid. 
Langner (1972) determined ammonia on 
1 2  different brands of dry sausage, where
as Niinivaara et al. (1961), Kormendy and 
Gantner (1962) and Stanculescu et al.
(1970) report values for total free <x-

amino acid nitrogen (a-NH2 -N) in dry 
sausages.

We are not aware, however, of any 
work describing the quantitative contri
bution of different compounds to the 
total nonprotein-nitrogen fraction (NPN 
fraction) at various stages of dry sausage 
ripening.

In this paper, we report changes in dif
ferent groups of NPN compounds during 
dry sausage ripening as influenced by the 
presence of a “starter culture.” The NPN 
compounds studied include ammonia, 
free amino acids, peptides, nucleotides, 
nucleosides and amines.

EXPERIMENTAL
Preparation of sausages

T w o  b a t c h e s  o f  s a u s a g e s ,  r e f e r r e d  to  a s  e x p t  
2  a n d  3 r e s p e c t iv e ly ,  w e re  u s e d .  T h e  p r e p a r a -

Ni trogen recovered 
Total N (NPN) 5.40

NH3 0.55
Free a-N H2 -N 2.46

t i o n ,  c o m p o s i t i o n ,  c h a n g e  in  d r y  m a t t e r  c o n 
t e n t  (D .M .) ,  p H ,  c o n c e n t r a t i o n  o f  c a r b o h y 
d r a t e s  a n d  c o n c e n t r a t i o n  o f  c a r b o h y d r a t e  
m e ta b o l i s m  p r o d u c t s  o f  th e s e  s a u s a g e s  a re  
r e p o r t e d  in  a n  a c c o m p a n y in g  p a p e r  (D e  K e te l -  
a e r e  e t  a l . ,  1 9 7 3 ) .

Sampling procedure
T h e  s a m p le s  u s e d  f o r  a n a ly s is  w e r e  th o s e  

o b t a i n e d  a s  d e s c r ib e d  b y  D e  K e te l a e r e  e t  a l. 
( 1 9 7 4 ) .

Analytical methods
Determination of total N P N  and individual 

N P N  fractions. D if f e r e n t  N P N  e x t r a c t i o n  
m e th o d s  ( e t h a n o l  8 0 %  v /v ,  t r i c h l o r o a c e t i c  a c id  
1 0 %  w /v ,  Z n S 0 4 1 0 %  w /v  t r e a t e d  w i th  a n  e q u a l  
v o lu m e  o f  0 .5 N  N a O H , a n d  H C 1 0 4 0 .6 N )  w e re  
c o m p a r e d .  A s  i t  w a s  f o u n d  t h a t  H C 1 0 „  0 .6 N  
e x t r a c t e d  th e  h ig h e s t  a m o u n t  o f  t o t a l  N  (T a b le  
1) i t  w a s  u s e d  in  f u r t h e r  e x p e r im e n t s .

5 g  o f  s a m p le  w e r e  h o m o g e n iz e d  in  2 5  m l  o f
0 .6 N  H C 1 0 4 a s  d e s c r ib e d  e a r l ie r  (D e  K e te l a e r e  
e t  a l . ,  1 9 7 4 ) .  A f t e r  f i l t r a t i o n ,  n e u t r a l i z a t i o n

6.09 6.33 4.34
0.67 0.69 0.62
2.19 2.19 2.50

Table 1—Comparison o f d iffe rent NPN extraction methods (mg N/g 
sausage extracted)

Extraction agent EtOH TCA H C I04 ZnS 04
used 80% 10% 0.6N 10%

Table 2—Concentration of NPN compounds at various stages o f ripening (mg N/100g) o f dry matter

Expt 2 Expt 3
Stage o f ripening (days) Stage o f ripening (days)

0 3 9 15 22 36 0 3 9 15 22 36

NH3 24 30 40 58 62 76 25 27 43 61 57 73
Free a-N H2 -N 141 188 204 234 243 255 155 200 225 230 255 302

Peptide bound 161 195 209 152 147 145 225 235 204 168 171 113
a-NH2-N
Nucleot.-N 34 33 15 13 12 12 37 21 17 16 13 14
Nucleos.-N 33 41 54 78 83 83 31 42 51 75 89 89

Total NPN
Determined 537 775 790 789 803 820 544 706 805 802 806 889
Calculated3 494 615 660 664 677 704 600 670 683 683 727 730
% Recovery 92.2 79.3 83.5 84.1 84.3 82.0 110.2 94.9 84.8 85.1 90.1 82.1

a  O b t a i n e d  b y  a d d i t i o n ,  a f t e r  c o r r e c t i o n  o f  c r - N H 2 - N  f o r  2 5 %  n o n - a - N H 2 - N .
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Table 3—Concentration changes o f NPN compounds at various stages o f the ripening process (mg N/100g dry matter)

Expt 2 
Period (days)

Expt 3 
Period (days)

0 - 3 3 -1 5 1 5 -3 6 0 -3 6 0 -3 3 -1 5  1 5 -3 6 0 -3 6

n h 3 6 28 18 52 2 34 12 48
Free <*-NH2-|\| 47 ¿6 21 114 45 30 72 147
Peptide bound 
ce-NH2-N

34 -¿3 -7 -1 6 10 -6 7 -5 5 -1 1 2

Nucleot.-N -1 -2 0 -1 -2 2 -1 6 - 5 - 2 -2 3
Nucleos.-N 8 37 5 50 11 33 14 58

Table 4—Concentrations o f free amino acids3 at three stages o f ripening (mg «-N H 2-N/100g 
dry matter)

Expt 2 Expt 3
Stage o f ripening (days) Stage o f ripening (days)

Free amino acids 0 15 36 0 15 36
Asp 0 .7 4 1.90 5.30 0 3.79 7.25
Thr 0.82 3.30 25.20 0 4.95 6.94
Ser 1.73 5.50 9.10 0 7.20 9.85
Glu 19.00 7.20 5.60 25.40 24.30 18.30
Pro 0 3.40 5.50 0 5.72 6.45
Gly 3.00 6.15 8.80 0 7.65 14.20
Ala 10.20 20.90 25.20 3.92 23.10 22.30
Val 1.44 6.35 8.85 0 7.41 11.95
Met 0.56 2.72 3.84 1.60 3.38 5.26
lieu 1.60 3.74 5.45 2.24 4.50 8.10
Leu 1.06 11.50 13.30 8.30 13.20 17.60
Phe 0.93 4.50 5.25 2.98 5.00 7.15
Lys 2.07 4.67 6.35 2.30 3.94 6.46
His 0.73 1.46 0.01 2.77 2.20 0
Tyr 0.77 0 0 0 0 0.30
7-N BAb 0 2.72 4.07 1.22 7.89 12.50
Ornc 1.16 0 0 1.98 0 0.83

a  S h o r t h a n d  n o t a t i o n  

b y - a m i n o  b u t y r i c  a c i d  ( 7 - a m m o - N c a l c u l a t e d a s  a - a m i n o - N )

c Ornithine

w ith  K O H  3 0 %  w /v ,  f i l t r a t i o n  a n d  d i lu t i o n  to  
k n o w n  v o lu m e ,  t o t a l  N P N  w a s  d e t e r m in e d  b y  
t h e  m ic r o - K je ld a h l  m e t h o d  [a s  d e s c r ib e d  in  th e  

s t a n d a r d  m e t h o d s  o f  E .E .G .  ( E u r o p e s e  E c o -  
n o m is c h e  G e m e e n s c h a p ) ]  ( A n o n y m o u s ,  1 9 7 2 ) .  
S a m p le s  o f  t h e  e x t r a c t  w e re  u s e d  f o r  d e 
t e r m i n a t i o n s  o f  N H 3 (1 m l )  ( C o n w a y ,  1 9 6 2 ) ,  
t o t a l  f r e e  a - N H 2 -N  (1  m l )  u s in g  l e u c in e  as 
s t a n d a r d  ( R o s e n ,  1 9 5 7 ) ,  t o t a l  p e p t i d e  b o u n d  
a - N H 2 -N  a f t e r  a c id  h y d r o ly s i s  ( 2 4  h r )  a n d  
c o r r e c t i o n  f o r  f r e e  a - N H 2-N  (W e id n e r  a n d  
E g g u m , 1 9 6 6 ) ,  t o t a l  n u c l e o t id e s  (1  m l )  e x 
p r e s s e d  a s  IM P  a n d  t o t a l  n u c le o s id e s ,  e x p r e s s e d  
a s  h y p o x a n t h i n e  (M a c y  e t  a l . ,  1 9 7 0 ) .

Automated analysis of free amino acids and 
amines. F r e e  a m in o -a c id s  a n d  w e a k  a m in e s  w e re  
e x t r a c t e d  f r o m  a  s e p a r a te  s a u s a g e  s a m p le  w i th  
p ic r ic  a c id  ( S te i n  a n d  M o o re ,  1 9 5 4 )  a n d  q u a n 
t i t a t e d  u s in g  a  s t a n d a r d  T e c h n ic o n  “ A u to  
A n a ly z e r ”  a n d  n o r l e u c in e  a s  I n t e r n a l  S t a n d a r d  
( S p a c k m a n  e t  a l . ,  1 9 5 8 ) .  P a r t  o f  t h e  h ig h ly  
b a s ic  a m in e s  w e re  e x t r a c t e d  f r o m  a  t h i r d  s a m 
p le  o f  s a u s a g e  (H ill  e t  a l . ,  1 9 7 0 )  a n d  s e p a r a t e d  
u s in g  a  s t a n d a r d  T e c h n ic o n  “ A u t o  A n a ly z e r ”  as 
d e s c r ib e d  b y  V a n d e k e r c k h o v e  a n d  H e n d e r i c k x
( 1 9 7 3 ) .

RESULTS and DISCUSSION

TABLE 2 shows the concentration of the 
different NPN compounds investigated, 
expressed as mg N/100g of dry matter at 
various stages of the ripening process. It 
can be seen that the major NPN fraction 
present is peptide bound ct-amino-N at 
the start, whereas free a-amino-acids (free 
a-NH2 -N) dominate at the end of the 
ripening period. Addition of individual 
values for each stage results in values 
lower than the total NPN determined. 
This discrepancy is obviously related to 
differences in color and color intensity of 
the ninhydrin reaction products between 
different amino acids, the presence of 
non-a-NH2-N in the free amino acids 
(approximately 25% of total amino acid
N) and the expression of all nucleotides 
as IMP and of all nucleosides as hypoxan
thine. Indeed, besides nucleoside mono
phosphates, di- and triphosphates may be 
present, whereas nucleosides are present 
besides hypoxanthine. However, addition 
of all components, after correction of 
a-NHj-N values for the presence of 25% 
non-a-NH2 -N, results in an average re
covery of 91.3 ± 4.2% (expt 3) and 83.6 
± 1.8% (expt 2) of determined NPN

(Table 2). From data in Table 2, the con
centration changes (as mg N/lOOg dry 
matter) for the different compounds at 
various stages of the ripening process 
were calculated and presented in Table 3.

These data show that during the first 3 
days of ripening, the rate of free a-NH2-N 
production is maximal and exceeds the 
rates of NH3 production and peptide 
production from proteins. During this 
period intensive carbohydrate metabolism 
and bacterial growth also takes place (De 
Ketelaere et al., 1974). In the following 
periods the rate of ammonia production 
increases, but remains inferior to the rate 
of free a-NH2-N production, whereas the 
concentration of peptide bound a-NH2-N 
decreases. These results indicate, that free 
amino acids are produced at a faster rate 
than ammonia and peptides: % free 
a-NH2-N in total NPN increases from ca 
35% to 50% at the end of the ripening 
period. This is in contrast to results re
ported by Langner (1969) indicating an

initial fast production rate for ammonia, 
whereas production of free amino acids 
only starts after an “initiation period.” 
However, Niinivaara et al. (1961) and 
Kormendy and Gantner (1962) also ob
served the fastest rate of free amino acid 
production during the first 3 days of 
ripening. The final values obtained for 
NH3 are within the range reported by 
Langner (1972) for 12 commercial sau
sages (16—103 mg NH3 /100g sausage) 
and are comparable to data reported by 
Stanculescu et al. (1970) (approx 60 
mg/lOOg sausage) and by Kormendy and 
Gantner (1962) (approx 80 mg/lOOg sau
sage). Values for free a-NH2-N are some
what lower than those reported by 
Stanculescu et al. (1970): approx 600 
mg/lOOg sausage.

Nucleotides decrease in concentration, 
whereas nucleosides and bases increase in 
concentration. The lack of stoichiometry 
between nucleotide disappearance and 
nucleoside formation, is probably related
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mg eC-NHj-N/ 100 g D.M.

Fig . 1—C o n c e n tra tio n  changes o f  in d iv id u a l fre e  a m in o  a c ids  b e tw e e n  f in a l a n d  in i t ia l  stage o f  r ip e n in g  (m g a -N H  -N /lO O g  
d r y  m a tte r) .

to the expression of results as IMP and 
hypoxanthine, as explained earlier. The 
presence of a starter culture (expt 3) 
produced no striking differences, except 
for a higher final concentration of free 
a-NH2-N in expt 3, coupled to a lower 
concentration of peptide bound a-NH2-N 
These findings may suggest a higher 
exopeptidase activity in expt 3 or may 
be related to a higher initial peptide 
concentration in the same experiment 
(Table 2). In both experiments, the most 
significant increase was observed for free 
a-NH2-N (total free amino acids). In 
order to determine the individual amino 
acids responsible for the increase, amino 
acid analyses were carried out on samples 
obtained after 0, 15 and 36 days of 
ripening. The results are presented in 
Table 4. They show that glutamic acid is 
the predominant amino acid in the initial 
samples, because of its presence as an 
additive. The second predominant free 
amino acid initially present is alanine, 
confirming data reported by Niinivaara et 
al. (1961), Stanculescu et al. (1970) and 
Langner (1969).

Concentration changes for individual 
amino acids were calculated between final 
and initial samples, and presented in 
Figure 1. They show that the major 
amino acids responsible for the increase 
in total free a-NH2-N are alanine, leucine, 
valine, serine, glycine and proline (in
crease larger than 5 mg 7 -NH2 -N/1 0 0 g 
dry matter), followed by phenylalanine, 
aspartic acid, lysine, a-amino butyrate, 
isoleucine and methionine (increase small
er than 5 mg a-NH2 -N/100g dry matter).

Threonine shows the largest increase in 
expt 2, but not in expt 3. For most 
amino acids, increases observed are larger 
in expt 3, confirming the data obtained 
for total free a-N. Final concentrations 
for free amino acids are within the range 
of values reported by Langner (1972). 
These results are partly in agreement with 
data presented by Reuter and Langner 
(1968), Niinivaara et al. (1961), Kòr- 
mendy and Gantner (1962) and Stan
culescu et al. (1970) as these authors also 
observed the most prominent concentra
tion increase for alanine and leucine.

■  Tyramine 

o  Phenylethylamine 
V Histamine 
•  Tryptamine 

A  Cadaverine 

o Putrescine

days

F ig . 2 —C o n c e n tra tio n  o f  som e  a m in e s  a t  va rio us  
stages o f  r ip e n in g  in  e x p t  3  (m g /1 0 0 g  d ry  
m a tte r .

In both experiments, a considerable 
part of the added glutamate disappears, 
and is at least partly decarboxylated to
7 -amino-butyric acid, confirming results 
obtained by Langner (1972). Because of 
these results the use of glutamate as a 
flavor additive in dry sausage may be 
questioned (Langner, 1972). Other amino 
acids may be decarboxylated during dry 
sausage ripening, as indicated by the dis
appearance of histidine, tyrosine and 
ornithine. The decarboxylation products 
of these amino acids are histamine, 
tyramine and putrescine, respectively. 
Here, our results are in contrast to earlier 
findings of Langner (1969) and Reuter 
and Langner (1968), who also reported 
an increase for these three amino acids. 
However, tyrosine disappearance was re
ported by Niinivaara et al. (1961), as well 
as the formation of tyramine. Maillet and 
Henry (1960) reported the presence of 
histamine, whereas Langner (1972) even 
suggests production of cadaverine by 
decarboxylation of lysine.

Analysis of highly basic amines was 
carried out on samples obtained from 
expt 3. Although only very small amounts 
were detected, the concentration of hista
mine, tyramine and putrescine was in
creased at least tenfold, the rate of in
crease being maximal, during the first 3 
days of ripening (Fig. 2).

The results are in line with the de
crease in the concentration of histidine, 
tyrosine and ornithine observed in our 
experiments. Cadaverine, a decarboxyla
tion product of lysine, was also detected 
in significant amounts.
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THE ROLE OF LIGHT AND SURFA CE BACTERIA IN 
THE COLOR STABILITY OF PREPACKAGED BEEF

INTRODUCTION

THE STABILITY of the red meat pig
ment protein, oxymyoglobin, has been 
extensively studied in model systems. The 
effects of storage time, storage tempera
ture, ionic strength, light and other forms 
of electromagnetic radiation upon the 
hemeprotein in a model system are well 
understood. Confusion rapidly develops 
when one then discusses the stability of 
the myoglobin molecule in intact meat. 
Pigment stability in intact meat involves 
new factors, such as 0 2 penetration, bac
terial growth, fat rancidity, the presence 
of flavin compounds and 0 2 permeability 
of packaging film, all of which contribute 
to the stability of the Mb02 molecule. 
Whether bacteria or light, or both, were 
contributing factors in the discoloration 
of fresh intact meat has been debated in 
the literature since the early 1950’s. 
Ramsbottom et al. (1951) stated that 
fluorescent lamps, both cool and soft 
white, cause no significant discoloration 
of fresh beef but do cause discoloration 
of cured meats. This same observation 
was stated by Rikert et al. (1957). Kraft 
and Ayres (1954) using a soft white fluo
rescent lamp of 50 and 150 ft-c found it 
to be unimportant in influencing discolor
ation of fresh packaged beef.

Research performed in recent years us
ing instrument techniques to follow color 
deterioration has shown that light may 
indeed affect color. Marriott et al. (1967) 
found that meat stored at — 1°C under 
direct illumination deteriorated at a faster 
rate than did meat stored in the dark. 
These authors felt that the significant 
color change was the direct result of light 
enhancing bacterial growth and, in turn, 
the color. Leward et al. (1971) demon
strated that fresh beef stored at 0°C and 
inoculated with large numbers of bacteria 
( 1 0 8 per cm2) caused a depletion of sur
face 0 2 and thereby caused the rapid 
conversion of surface Mb02 to MetMb, 
resulting in meat discoloration. Lentz
(1971) showed that meat stored at 
freezer temperatures and under cool 
white fluorescent light (150—200 ft-c) 
discolored more rapidly than did similar 
samples stored in the dark.

Solberg and Franke (1971) using se
lected filters (420—633 nm) on light 
sources illuminated intact meat samples

at both 1° and 5°C and found statistically 
significant color changes resulting from 
the illumination. These authors felt that 
the influence of light on the enhancement 
of autoxidation rate was small enough to 
be of little commercial importance. Setser 
et al. (1973) exposed intact beef samples 
to illumination at wavelengths varying 
from 405—685 nm. The authors found 
that ultraviolet (254 nm) and low wave
length visible light (405—577 nm) caused 
a significant increase in MetMb produc
tion over similar samples exposed to light 
of 630—685 nm wavelength.

Questions which become apparent 
after reviewing the literature are: ( 1 ) 
Under controlled storage temperature and 
light intensity, do different types of light
ing systems significantly affect meat 
color? (2) If alteration in color stability 
occurs, is it due to light, bacteria or a 
combination of both? (3) Is part of the 
color change that occurs during storage 
due to a partial destruction of pigment 
proteins by either inherent or bacterial 
enzymes? The following data shed some 
light on the importance of various factors 
in the color stability of red meat in the 
display case.

METHODS & MATERIALS

Meat samples
A ll m e a t  s a m p le s  u s e d  in  th i s  in v e s t ig a t io n  

w e re  t a k e n  f r o m  p o s t - r ig o r  b o v in e  s e m r .e n d i-  
n o s u s  m u s c le .  T h e  m u s c le  w a s  c u t  p a ra l le l  to  
t h e  f ib e r  d i r e c t i o n  i n t o  1 .5  c m  ta l l  b y  1 .8  c m  
d i a m e te r  c o re s  a n d  p la c e d  i n t o  1 .8  c m  d i a m e te r  
p le x ig la s s  r in g s .  T h e  m e a t  s a m p le  p lu s  r in g  w as 
t h e n  c o v e r e d  a n d  s e a le d  in  P V C  f ilm  ( R e y n o ld s  
P la s t ic s ,  R ic h m o n d ,  V a .) .  T h e  m e a t  s a m p le s  
w e r e  p la c e d  in  a  5 ° C  c o ld  r o o m  e i t h e r  in  a  d a rk  
l ig h t - t ig h t  c h a m b e r  o r  u n d e r  a  s p e c i f i c  l ig h t  
s o u rc e .  S a m p le s  w e re  r e m o v e d  f r o m  th e  l i g h t 
t i g h t  c h a m b e r  a n d  f r o m  u n d e r  t h e  l ig h ts  o n ly  
w h e n  n e c e s s a ry  fo r  a n a ly s is .

Reflectance spectrophotometry
T h e  e n t i r e  v is ib le  s p e c t r u m ,  as w e ll  a s s p e c i f 

ic  r e f l e c t e d  a b s o r b a n c e  a t  5 8 0  n m ,  w a s  o b 
t a in e d  o n  a  H i ta c h i - P e r k in  E lm e r  M o d e l 1 3 9  
r e f l e c t a n c e  s p e c t r o p h o t o m e t e r .  T o  o b ta in  a 
s p e c i f i c  r e f l e c t a n c e  s p e c t r u m  o r  r e f l e c t e d  a b 
s o r b a n c e  v a lu e ,  t h e  P V C  f i lm  c o v e r e d  m e a t  s a m 
p le  a n d  r in g  a s s e m b ly  w e re  i n s e r t e d  i n t o  a  s t a i n 
le ss  s te e l  r e f l e c t a n c e  c e ll h o ld e r  a n d  th e n  o n t o  
t h e  d i f f u s e  r e f l e c t a n c e  b o w l  o f  t h e  s p e c t r o p h o 
t o m e t e r .  I m m e d ia t e ly  a f t e r  t a k in g  th e  r e a d in g  
th e  s a m p le  w a s  r e t u r n e d  to  t h e  5 ° C  c o ld  r o o m .

T o  r e m o v e  th e  e f f e c t  o f  l ig h t  s c a t t e r in g  in  
b o t h  t h e  s p e c t r a  a n d  5 8 0  n m  r e a d in g s ,  K /S  v a l
u e s  w e re  c a l c u l a t e d  f o r  e a c h  r e a d in g  a t  e a c h  
w a v e le n g th  a n d  u s e d  in  f u r t h e r  c a l c u la t io n s .  
K /S  v a lu e s  w e re  c a l c u l a t e d  a c c o r d i n g  to  th e  
p r o c e d u r e  o f  D e a n  a n d  B a ll ( 1 9 6 0 ) .

Calculation of autoxidation 
rate constants

T h e  r a t e  c o n s t a n t  d e s c r ib in g  th e  lo s s  o f  
M b 0 2 a n d  r e d  c o lo r  in  e a c h  m u s c le  w a s  c a l c u 
l a t e d  u s in g  a  m o d i f i c a t i o n  o f  t h e  p r o c e d u r e  
d e s c r ib e d  b y  S n y d e r  a n d  A y re s  ( 1 9 6 1 ) .  T h e  
m o d i f i c a t i o n s  u s e d  w e re  a s  f o l l o w s :  (1 )  t h e  % 
M b 0 2 r e m a in in g  a t  e a c h  t im e  p e r io d  w a s  o b 
t a in e d  u s in g  th e  K /S  ( 5 8 0  n m )  v a lu e  i n s te a d  o f  
t h e  5 8 0  n m  a b s o r b a n c e  v a lu e .  (2 )  T h e  v a lu e  fo r  
0%  M b O , w a s  o b t a i n e d  b y  s p r e a d in g  a  1% 
a q u e o u s  s o lu t io n  o f  K 3 F e ( C N ) 6 c a r e f u l ly  o v e r  
t h e  f a c e  o f  t h e  s a m p le  c o re  a n d  t h e n  m e a s u r in g  
th e  r e f l e c t e d  a b s o r b a n c e  a t  5 8 0  n m  w h ic h  w a s  
a ls o  c o n v e r t e d  t o  i t s  K /S  ( 5 8 0 )  v a lu e .

Bacterial analyses
T o t a l  b a c t e r i a  c o u n t  o n  th e  s u r f a c e  o f  th e  

c o re  s a m p le s  f r o m  o n e  m u s c le  s a m p le  w a s  d e 
t e r m in e d  o n  a l t e r n a t in g  d a y s ,  s t a r t i n g  w i th  d a y  
z e r o .  O n  a l t e r n a t e  d a y s ,  d u p l i c a t e  c o r e s  w e re  
u n w r a p p e d  a n d  s w a b b e d  w i th  a d r y  s te r i le  s w a b  
w h ic h  w a s  s u b s e q u e n t ly  d i s p e r s e d  in  9  m l o f  
s t e r i l e  p h o s p h a t e  b u f f e r e d  s a l in e  s o lu t io n  (C o l
lin s  a n d  L y n e ,  1 9 7 0 ) .  S e r ia l  d i l u t i o n s  w e re  
m a d e  in  th e  p h o s p h a t e  b u f f e r e d  s a l in e  s o lu t io n  
f o r  f in a l  a n a ly s is  o f  t o t a l  c o u n t  o n  a  c o o k e d  
m e a t - p o l y p e p t o n e  a g a r .

T h e  c o o k e d  m e a t - p o l y p e p t o n e  a g a r  c o n 
s is te d  o f  ( 1 )  t h e  c le a r  c o o k e d  f lu id  f r o m  th e  
b o i l in g  o f  5 0 0 g  o f  le a n  b e e f  in  1 l i t e r  o f  d is 
t i l le d  w a te r ;  (2 )  lO g  o f  B B L  p o l y p e p t o n e ;  (3 )  
5 g  o f  N a C l; ( 4 )  a d ju s t e d  to  p H  7 .4 ;  a n d  f in a l ly ,
(5 )  1 5 g  o f  a g a r .  A ll i n o c u l a t e d  p la te s  w e re  i n 
c u b a t e d  a t  5 ° C  f o r  7 2  h r  p r io r  t o  c a l c u la t in g  
t o t a l  c o u n t .  T h i s  m e d iu m  w a s  u s e d  to  e n s u r e  as 
s im ila r  a s  p o s s ib le  g r o w th  c o n d i t i o n s  b e tw e e n  
th e  e n v i r o n m e n t  o n  t h e  m e a t  s u r f a c e  a n d  in  th e  
p e t r i  d is h .

Polyacrylamide gel electrophoresis
T h e  p ig m e n ts  in  t h e  to p  2 m m  o f  s e le c te d  

c o re  s a m p le s  w e re  a n a l y z e d  b y  p o ly a c r y l a m id e  
g e l e le c t r o p h o r e s i s .  A f te r  r e f l e c t a n c e  d a t a  w e re  
o b t a i n e d  o n  th e  c o r e ,  t h e  c o r e  w a s  f r o z e n  in  
d ry  ic e  a n d  t h e  t o p  2 m m  w a s  r e m o v e d  a n d  
m a c e r a t e d  in  a  g la ss  p e s t l e  t i s s u e  h o m o g e n iz e r  
w i th  a n  e q u a l  w e ig h t  o f  c o ld  d i s t i l l e d  w a te r .  
T h e  e m a c e r a t e d  t i s s u e  w a s  c e n t r i f u g e d  a t  
1 0 ,0 0 0  X G  f o r  3 0  m in .  T h e  c le a r  s u p e r n a t a n t  
f lu id  w a s  t h e n  t r e a t e d  w i th  o n e  c r y s ta l  o f  
K 3 F 'e (C N )6 to  c o n v e r t  a ll p ig m e n ts  t o  th e  m e t  
f o r m .

E l e c t r o p h o r e s i s  w a s  u s e d  to  d e t e r m in e  i f  
p r o lo n g e d  s to r a g e  o f  t h e  m e a t  s a m p le s  h a d  le d  
t o  a  p a r t i a l  d e s t r u c t i o n  o f  th e  p ig m e n t  m o le 
c u le s  ( m y o g l o b in  a n d  h e m o g lo b in )  b y  p r o t e o -
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Fig . 1 —R e fle c ta n c e  spe c tra , in  K /S  te rm s, o f  in ta c t  b e e f s to re d  in  the  

d a rk  a n d  a t  5° C  f o r  0 , 6 , 1 2 a n d 1 8 d a y s .

F ig . 2 —R e fle c ta n c e  spe c tra  o f  b e e f s to re d  u n d e r a c o o l f lo o d  ( in c a n d e s 

c e n t) l ig h t-2 5 0  f t -c , a t  5 ° C  fo r  0 , 6 , 12 a n d  1 8  days.

l y t i c  e n z y m e s .  T h e  e l e c t r o p h o r e t i c  m o b i l i t y  o f  
o n ly  h e m e  p r o t e in s  a n d  f r e e  h e m e  w a s  d e t e r 
m in e d ,  u s in g  th e  b e n z e d in e  s ta in in g  t e c h n iq u e  
p re v io u s ly  d e s c r ib e d  b y  H a u t  e t  a l. ( 1 9 6 2 ) .

RESULTS & DISCUSSION

A SURVEY of the local food markets in
dicated that the new stores, having the 
most up-to-date lighting facilities, have 
light intensities in their meat display cases 
which range from a low of 105 ft-c to a 
high of 260 ft-c. This study utilized a 
light intensity of 250 ft-c in order to see 
what effects these high light intensities 
had on the color stability of fresh intact 
beef.

The light sources used in this study 
were pink and soft white fluorescent, 1 50 
watt cool flood and 1 0 0  watt incandes
cent. Red fluorescent was tried initially, 
but its inability to emit light of 250 ft-c 
intensity eliminated it from this study. 
The soft white source emitted light pri
marily in the region of 500—590 nm, the 
pink fluorescent light in the 540-565 nm 
region, and the incandescent lamps in the
800—1000 nm region of the spectrum.

Recording the reflectance spectra of 
each sample core from day zero through 
the 18th day allowed us to follow the 
appearance and disappearance of the vari
ous forms of myoglobin. Figures 1, 2 and 
3 give reflectance spectra in terms of K/S 
units, for samples stored in the dark, un
der 150 watt cool flood incandescent and 
under soft warm fluorescent light. As 
shown in Figure 1, at day zero the surface 
p igm ent consists almost entirely of 
Mb02. After 6  days storage in the dark, 
MetMb and Mb02 are the predominant 
forms present. At 12 days storage, re

duced myoglobin (Mb) is the predomi
nant form present along with some re
sidual MetMb. After 18 days storage, all 
of the pigment is in the reduced Mb form.

Figure 2 illustrates the rapid conver
sion of all Mb02 found at day zero to 
MetMb in just 6  days. At the end of 12 
days storage under the floodlight (250 
ft-c), all MetMb had been converted to 
reduced Mb. Further storage indicated 
that some of the Mb was being oxy
genated to yield some Mb02.

Figure 3 illustrates the rapid loss of 
Mb02 under the soft fluorescent light. 
Continued storage under this light (up to 
18 days) converts the pigment to primar
ily MetMb with only minor amounts of 
Mb02 present.

In trials where the meat was stored in 
the dark or under the incandescent flood, 
as soon as the bacterial load on the sur
face of the meat became sufficiently high 
(in excess of 1 0  million organisms per

Fig . 3 —R e fle c ta n c e  spe c tra  o f  b e e f s to re d  a t  5 °C , u n d e r  s o f t  w h ite  
f lu o re s c e n t l ig h t  f o r  0 , 6 , 12 a n d  18 oays.
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Fig . 4 —The re la t io n s h ip  o f  su rfa ce  b a c te r ia l n u m b e rs  to  th e  % M b O 2 
re m a in in g  o n  th e  m e a t s u rfa ce , w h e n  s to re d  u n d e r va rio us  l ig h t  c o n d i

tion s . N L —n o  l ig h t  (d a rk ) , F L D —in c a n d e s c e n t f lo o d ,  W O W —100 w a tt  
in ca n d e sce n t, P K —p in k  f lu o re s c e n t, S W —s o f t  w h ite  flu o re s c e n t.

F ig . 5 —B a c te r ia l g ro w th  cu rves fo r  b e e f s to re d  a t  5 ° C  u n d e r  va rio us  

l ig h t in g  c o n d it io n s . N L —n o  l ig h t  (d a rk ) ,  F  L D —in c a n d e s c e n t f lo o d ,  
W O W —10 0  w a tt  in ca n d e sce n t, P K —p in k  f lu o re s c e n t, S W —s o f t  w h ite  

f lu o re s c e n t.

cm2), the demand for 0 2 on the meat 
surface became so great that all Mb02 

was deoxygenated to form reduced Mb. 
When the meat samples were stored under 
the soft white fluorescent light, no re
duced Mb was formed, even after the 
bacterial load exceeded 1 0 7 organisms 
per cm2. Since MetMb was the predomi
nant myoglobin form present, and only a 
small amount of Mb02 was present, the 
lack of 0 2 on the surface had little effect 
on the major surface pigment, MetMb.

Figure 4 illustrates the relationship be
tween bacterial growth and the loss of 
Mb02  from the meat surface. A vertical 
arrow shown at 30% MetMb indicates the 
point at which the meat obtains an un
desirable color (Daun et al., 1971). It can 
easily be seen on this figure that at the 
point where the meat turns light brown in 
color (30% remaining Mb02) that the 
bacterial population can vary significant
ly. In the case of meat stored in the dark, 
the organisms are over one million per 
cm2, whereas meat stored under soft 
white fluorescent light had only slightly 
more than 3,000 organisms per cm2. 
Storage under incandescent and pink 
fluorescent lights allowed time for the 
bacterial load to reach 1 0 0 , 0 0 0  before 
the color had deteriorated.

The question now arises as to the ef
fect of bacteria on the loss of Mb02  and 
the formation of an undesirable brown 
color (MetMb) in meat. It is these

authors’ view that the primary factor 
causing the rapid loss of Mb02 from the 
meat surface is the type of light, and the 
difference seen in bacterial load on the 
meat surface at time of discoloration is a 
function of the time it takes the Mb02 to 
be converted to MetMb. Possibly, this can 
better be seen in Figure 5. Under soft 
white fluorescent light the color has 
deteriorated in only 2 'A days, whereas 
storage in the dark requires 6  days for 
color deterioration. The less severe lights 
(incandescent flood, 1 0 0  watt incandes
cent as well as pink fluorescent) require 
longer times for oxidation of the initial 
70% of the surface Mb02, thereby allow
ing time for the number of surface bac
teria to become very great. The low wave-

No light
Cool flood  incandescent 

(150 watt)
Incandescent (100 watt) 
Pink fluorescent (40 watt) 
Soft w h ite  fluorescent 

(40 watt)

length light emitted by the soft white 
fluorescent lamps causes the autoxidation 
of the Mb02  very rapidly, not allowing 
sufficient time for the growth of large 
numbers of surface bacteria.

Table 1 lists the autoxidation rate con
stants which describe the loss of Mb02 

from the surface of meat stored under 
various lighting conditions. The presence 
of light (250 ft-c intensity) definitely 
does enhance the autoxidation of the sur
face Mb02. The effect of light of this in
tensity seemingly has a greater effect than 
does light of lower intensities (Solberg 
and Franke, 1971). Solberg and Franke
(1971), using light of specified wave
lengths and intensities varying from 
46—200 ft-c, found light in the 500—600

250 5.16 X 10'
250 5.46 X 10'
250 5.54 X 10'

250 8.20 X 10

Table 1—A utox ida tion  rate constant fo r beef exposed to  light at 
5°C

In tensity Autox ida tion  rate
Light source (ft-c) constant (H r-1)

3.25 X 10 '3
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Fig. 6—Drawings of polyacrylamide gels with K3Fe(CN)6 oxidized pig
ment proteins (Mb and Hb) from the surface of beef samples stored at 
5° C under incandescent light.

nm region had a small but significant in
crease in the autoxidation of the surface 
Mb02. Setser et al. (1973) showed that 
visible light in the region of the spectrum 
from 474—600 nm enhanced the discolor
ation of intact beef muscle. The Mb02 
molecule absorbs light in 410 to 580 nm 
region of the spectrum, and that absorp
tion of light energy could enhance the 
conversion of Mb02 to MetMb.

The initial discoloration of the meat 
samples, from red (Mb02) to brown 
(MetMb), when stored under lamps emit
ting low wavelength visible light, i.e., soft 
white fluorescent, is seemingly due al
most entirely to the light. When meat is 
stored under less severe light (incandes
cent lamps), seemingly the light still has 
an effect but reduced in its severity.

Prolonged storage of the meat, under 
less severe lighting, will cause a reduction 
of the MetMb to form reduced Mb. This 
occurs after 10 days storage at 5°C and is 
probably entirely due to the lack of 0 2 
on the meat surface. The lack of surface 
0 2 is caused by the large numbers of 
bacteria (10 million organisms per cm2) 
consuming most of the available surface 
0 2, thereby establishing a reducing at
mosphere at the surface (Robach and 
Costilow, 1961; Leward et al., 1971).

This does not occur when the meat is 
stored under soft white fluorescent light, 
very possibly because the low wavelength 
visible light will oxidize reduced Mb as 
fast as it is formed. It should be noted 
that once the MetMb was reduced to Mb 
and bacterial numbers exceeded 106 or
ganisms per cm2, the meat was unfit for 
consumption.

Finally, we were interested in seeing if 
during both short time and prolonged 
storage of meat, the pigment molecules 
(Mb and Hb) were structurally altered by 
either inherent or bacterial proteases. 
Figure 6 shows the drawings of poly
acrylamide gels containing K3Fe(CN)6 
oxidized pigment from fresh meat as well 
as meat stored as long as 18 days. As soon 
as 6 days storage, the MetHb and MetMb 
bands become slightly diffuse, but the 
diffusion does not seem to increase upon 
further storage. At no storage time was 
free heme noted on any gel, which would 
have indicated that the MetMb and 
MetHb had been destroyed.

CONCLUSION

BOTH incandescent and fluorescent 
lamps of 250 ft-c intensities enhance the 
destruction of surface Mb02 of beef. The

soft white fluorescent seemingly is most 
detrim ental, incandescent being least 
detrimental. Prolonged storage under less 
severe lighting causes the meat to turn 
purple with the surface pigment being en
tirely reduced Mb. Very little, if any, pro
teolytic destruction of the surface pig
ment occurs during 5°C storage, even 
with storage up to 18 days and surface 
bacteria counts in excess of 108 organ
isms per cm2.
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CONTINUOUS MICROWAVE STERILIZATION OF MEAT 
IN FLEXIBLE POUCHES

INTRODUCTION

EARLIER WORK by Kenyon et al.
(1971) described the concept of micro- 
wave sterilization and the continuous 
microwave processor which was designed 
to carry out the experiments needed to 
verify the concept.

The current effort is aimed at pro
gressing from the conceptual to the prac
tical stage and has as its goal the establish
ment of processing parameters for a 
number of foods, principally beef, poul
try and pork for use in military rations. 
This phase of the work was devoted to 
developing (1) a means for determining 
temperature distribution with the prod
uct; (2) a method for integrating time/ 
temperature relationships in foods proc
essed by microwave energy; and (3) a 
reliable flexible container as well as 
understanding the causes of package fail
ure in the continuous microwave proc
essor.

EXPERIMENTAL
Process

T he process involves exposing food , pack
aged in sealed flex ib le  pouches, to m icrowave 
energy on a contin uous basis to  achieve sterili
zation. S in ce tem peratures on the order o f  
121°C  or greater are obtained  w ithin the pouch 
during m icrow ave processing, internal pouch 
vapor pressures, corresponding to tem perature 
will exceed  the rupture point o f  flex ib le  
pouches. An extern al air counter pressure in the 
range o f  3 0 - 4 5  psig is therefore provided to 
m aintain pouch integrity  during heating. Thus, 
the equipm ent required five essential features:

1. An airlock  for delivery o f  pouches on a 
sem i-autom atic basis.

2. An air pressurization system .
3. A variable speed conveyor to carry the 

pouches through the pressurized system .
4 . A source o f  m icrow ave energy.
5. A cooling section  perm itting a constan t 

w aterflow  to reduce internal pouch tem 
peratures below  100°C  and pressure to 0 
psig.

Equipm ent

The contin uous m icrow ave processor and its 
auxiliary equipm ent is that described by 
K enyon et al. ( 1 9 7 1 )  w ith the follow ing m od
ifications:

1. T h e  alum inum  section s on each end have 
been replaced by a similar design o f 
welded steel having a design strength o f  75 
psig. E ach  section has a 45  psig re lie f valve 
and a rupture disc which will fail at 50  
psig, as added safety features.

2. An au tom atic pressurizing system  has also 
been added for ease o f  pressurization to 
a pre-determ ined over-pressure and for 
quick pressure release at term ination o f  
the heating cy cle .

3. T he conveyor be lt is m ade o f  silicone 
ru bber-coated  fiberglass which has m ini
mal stretch  and is transparent to m icro- 
wave energy.

4 . All auxiliary equ ipm en t, including belt 
drive m o to r, speed co n tro l and viewing 
lights have been located  outside the 
pressurized system .

A view o f  the processor (L itto n  Model 
C -10S-2  M anufactured by L itto n  Industries, 
A therton  Div, M inneapolis, MN) from  the 
operating side is presented in Figure 1. T he 
cen ter section , w ith the doors opened , is the 
m icrow ave cavity. T he four waveguide ou tputs 
are show n, and their corresponding m agnetrons 
and pow er supplies are below  and behind an 
access panel. T he ep oxy  im pregnated fiberglass 
pipe w hich runs through the cen ter o f  the cav
ity  was added to the original m achine to perm it 
pressurization. T he in let section  on the le ft side 
o f  the m achine w ith its airlock  is for semi

contin uous delivery o f  pouches. T he vertical 
cooling and discharge section  is located  at the 
right.

A typical process series, showing the 
approxim ate pouch positions during a run, is 
depicted in F igure 2. A con stan t load o f  three 
pouches is m aintained  in the m icrow ave cavity 
section  o f  the pipe by integrating pouch deliv
ery intervals w ith belt speed resulting in a 
spacing o f  approxim ately  lm  betw een pouches.

Product
B e e f  top rounds, U SD A  ch o ice , were dry- 

heat roasted at 1 7 6 .7°C  to a cen ter tem perature 
o f  6 0 .0  ± 5 .0 °C . These w ere cooled  overnight at 
5 .0 °C  and then sliced in to  1 /2  cm  slices. R e c
tangular pieces, 5 .2  x  1 4 .6  cm  weighing 5 0 .0  ± 
5 .0g  were cu t from  the cen ter o f  each slice. 
Tw o o f  these were used per package. U n th ick 
ened gravy, m ade from  roast b e e f drippings was 
used to  adjust the w eight o f  each pouch to
1 2 0 .0  ± 0 .2g . A m inim um  o f  six pouches were 
used per run.

Dumm y load
T he equipm ent used in this study is de

signed to sim ulate contin uous op eration  and is

Fig. 1 —Microwave processor.

V o lu m e  3 9  ( 1 9 7 4 ) - J O U R N A L  O F  F O O D  S C I E N C E - 3 0 9
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Fig. 2—Schematic of flexible processing.

lim ited  as to the num ber o f  pouches w hich may 
be processed at one tim e. T h erefo re , no test 
pouches may be discarded. In  order to assure 
that each test pouch received equal treatm en t, 
it becam e necessary to use a dum my load o f  
three pouches to precede and follow  the test 
product. T h is expedient assured that there was 
a full and uniform  load whenever test pouches 
were entering or leaving the m icrowave cavity. 
B en to n ite  suspension (1 0 %  B e n to n ite -9 0 %  
w ater) 120g per pouch was used as a dummy 
load to precede and follow  pouches o f  beef.

U niform ity  o f  d istribution o f  energy, under 
con tin u ou s operation in a m icrow ave cavity is 
dependent, to a large e x te n t, on equal d istribu
tion  o f  the load. In com m ercial p ractice , the 
first and last few pouches o f  product traversing

the cavity would receive a process treatm en t 
d ifferent than the m ain body o f  the run and 
would probably be discarded.

Packaging material
A lam inate (C on tin en tal Can C o ., W ellesley, 

MA 0 2 1 8 1 )  consisting o f  nonoriented  polypro
pylene, 3 .0  m ils (H ercules C hem ical C o .) w ith 
0 .0 5  mil m ylar (du Pont) was the m ost success
ful m aterial used in this study. T h e  m aterial was 
fabricated  in to  7 .0  x  17.5 cm  pouches in our 
laboratory .

Insulation
Six  layers o f  insulating paper (“ K im -Pak” -  

K im berly Clark C o .) w ere double-w rapped 
around each pouch, resulting in an all-around

wrap o f  twelve layers in order to  red uce convec
tive heat loss to the am bient tem p eratu re air 
used to pressurize the m icrow ave processor.

Tem perature distribution m easurem ent
Paper therm om eters (Paper T h erm o m eter 

C o ., 10 Stagg Drive, N atick , MA 0 1 7 6 0 )  ranging 
from  9 8 .9  to 1 4 8 .9°C  in increm en ts o f  5 .0 °C , 
having a sensitivity o f  ± 5 °C  and an accu racy o f  
± 1% o f  stated tem peratu re, w ere sealed in var
ious arrays inside polypropylene envelopes. T h e  
resulting therm ogram  covered the rectangular 
area o f the slices o f  beef. These w ere placed 
betw een two slices o f  b e e f  per pouch.

Tim e/tem perature integration
A liquots (0 .5  m l) o f  an aqueous so lution  o f  

d extrose (1 0 .0 % ) and try p ton e (4 .0 % ) were 
heated in 1.5 x  4 .0  cm p o lypropylene pouch es 
in a Barnstead autoclave. T h e  ja c k e t  tem pera
ture o f  the autoclave was raised to  1 3 2 °C  at the 
beginning o f  each cy cle  and the steam  turned 
on for a period o f  1 min to bring the cham ber 
tem perature to 12 1 °C . Pressure was th en  ad
ju sted  to hold the cham ber tem peratu re to 
121°C  for the duration o f  each heating interval. 
T he autoclave cham ber pressure was released in 
30  sec follow ing each heating interval. C o n 
tainers o f  the so lution were heated  for 3 .0  m in 
and then for 5 .0  through 2 5 .0  m in in incre
m ents o f  5 .0  m in, qu ickly  rem oved from  the 
autoclave and cooled  in running tap w ater. T h e  
pouches w ere then opened and the co n ten ts 
transferred to “ K le t t” co lo rim eter tubes. D is
tilled w ater was added to bring the volum e to
5 .0  ml. T he co lorim eter was calibrated  against a 
4 0 0 - 4 5 0  m blue filter using sim ilarly diluted, 
unheated so lution. V alues o f  increasing op tical 
density obtain ed  from  the co lorim eter were 
m ultiplied by a facto r o f  10  to  com pensate for 
the tenfold  d ilu tion o f  the test so lu tio n , and 
p lotted  on sem i-logarithm ic paper to  ob ta in  a

Fig. 3—Effect of heating a 0.5-ml aliquot of an aqueous solution of 
dextrose (10%) and tryptone (4%) at 121°C for various lengths of time 
on absorbency.

Fig. 4—Effect o f  pest R f exposure holding tim e on F c values.
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standard curve o f  the change in the so lution’s 
co lor intensity at 121°C  with tim e.

Sim ilarly , pouches contain ing 0 .5  ml ali
qu ots o f  the above solution were placed at the 
geom etric cen ter o f  the pouches o f  m eat prior 
to  processing with m icrow ave energy. T h e  post 
process magnitude o f  the so lu tion ’s change in 
op tical density is p lotted  on the standard curve 
(Fig . 3) for its corresponding tim e/tem peratu re 
value. T he value in this work is defined as F c 
“ the F  value o f  all lethal heat received by the 
geom etric cen ter o f  a contain er o f  food during 
process” (S tu m b o , 1 9 6 5 ).

Product cooling
Cooling o f  p rodu ct in the m icrow ave p ro c

essor was accom plished by allow ing pouches to 
co llect in the cooling section . They  were then 
held at operating pressure for 5 m in. Air pres
sure was then slowly exhausted  for an addi
tional 15 m inutes to allow  cham ber pressure to 
equ ilibrate to am bient and the product tem per
ature to  reach 100°C  or less. F c values in
creased during this period (F ig . 4 ) . An alternate 
approach was the use o f  insulated pouches held 
at operating pressure, follow ing exposure to 
m icrow aves for various periods o f  tim e, and 
then cooled  to less than 100°C  by flooding the 
cooling section  w ith cold tap w ater for a period 
o f  2 -1 /2  min. A contin uous flow  o f  cooling 
w ater was obtain ed  by opening the drain valve 
located  near the top o f  the cooling cham ber 
w hen the surface o f  the coolin g w ater had risen 
above the discharge ou tlet. T h e  air pressure 
w ithin the processor, m aintained  during co o l
ing, was rapidly reduced at the end o f  the cycle , 
sim ultaneously blow ing ou t the cooling w ater.

RESULTS & DISCUSSION

A KNOWLEDGE of the temperature 
distribution in a container of food receiv
ing a thermal process is essential to the 
design of an adequate sterilization treat
ment. Paper thermometers were used to 
determine the nature of heat distribution 
obtained in foods heated by microwave 
energy (Fig. 5). Since paper thermome
ters are adversely affected by moisture, 
they were sealed in polypropylene/ 
polyester pouches and placed between 
the two slices of beef inside each pouch. 
The paper thermometers turn black only 
if rated temperatures have been reached 
or exceeded. Therefore, a thermogram
like representation of the temperature 
distribution within the product was ob
tained. It became evident that in spite of 
the rapid heat rise in the product with 
application of microwave energy, the 
thermal pattern was essentially the same 
as that obtained by conventional thermal 
processing, i.e., the slowest heating point 
was at or near the geometric center of the 
product (Fig. 5), which confirmed earlier 
work by Copson (1962) and Decareau
(1970). Watanabe and Tape (1969) ob
served that heating was nonuniform when 
wieners were processed at 2450 MHz and 
they also observed a slight improvement 
in heating uniformity when wieners were 
wrapped in moist paper towels. We ob
served that there was significant convec
tive heat loss from the package to the un
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Fig. 5—Paper thermogram showing temperature 
distribution between two slices of beef 1/2 cm 
thick.

heated pressurized air which was being 
used to override vapor pressure build-up 
within the pouches during microwave 
processing. While the degree of heat loss 
was not directly determined, indirect 
evidence of its magnitude was obtained 
by wrapping the pouches in insulating 
material. It was determined that the re
duction of temperature differential from 
package surface to ambient by use of 
insulation, was followed by a significant 
reduction in temperature differential 
from edge to center of the product. Prior 
to use of insulation the latter differential 
was at least 30.0°C. Following its use this

was reduced to 5.0°C or less at the end of 
the process. That suppression of sub
surface temperature rise occurs, when a 
temperature differential exists between 
substances being heated and ambient has 
been demonstrated by Stoll (1971). 
Stoll’s results, expressed mathematically, 
agree with our empirical findings ob
tained with microwave heating at 2450 
MHz.

Distribution of microwave energy is 
nonuniform in either a stationary cavity 
or one through which a product moves. 
However, moving product through a het
erogeneous microwave field exposes the 
pouch to a greater uniformity of energy 
distribution than occurs in a stationary 
cavity. In addition, the use of insulation 
in conjunction with the above results in a 
nearly uniform thermal gradient within 
the product and increases the efficacy of 
the microwave process.

Prior to the use of insulating overwrap, 
the rate of belt speed required to obtain a 
product center temperature of 121°C 
was 2.5 ft per min (fpm). The use of the 
insulating overwrap enabled us to increase 
the rate up to threefold and still achieve 
sterilizing temperatures in the center of 
the product.

At this time, no reliable packaging 
material was available, nor was there an 
understanding of the causes of package 
failure. Testing of packaging materials 
was therefore pursued. It was found that 
a laminate of high density polypropylene 
and mylar eliminated the severest prob
lems, those of pinhole development and 
weakening of the material due to temper
ature and pressure-induced stretching. 
This limited packaging problems in terms 
of this study, to seam failure, and the 
determination of processing conditions 
which would eliminate this cause of pack
age failure. It was found that seam failure 
was a function of inadequate overpressure 
and that adequacy of overpressure was a 
function of initial product temperature 
and rate of product throughput (Table 1). 
Using six packages of beef per condition,

Table 1—Effect of overpressure, initial temperature and rate of 
throughput on container reliability3

Initial temp 65.6°C Initial temp 76.7°C
Overpressure (psig) Overpressure (psig)

Feet per _____________________ ____________________
minute 25 30 35 40 25 30 35 40

4.5 - - - _c - - - -
5.0 — - + + - — - —
5.5 +b +*> - + - - _c +
6.0 +b + + + - + + +
6.5 + + + + +b + f +
7.0 + + + + + + + +

a ( —) Package failed; ( + ) Package did not fail
b Packaging material distorted due to pressure within package exceeding 

overpressure
c Occasional package failure



312-JOURNAL OF FOOD SCIENCE-Volume 39 (1974)

Table 2—Effect of temperature differential among containers processed in the continuous microwave processor on Fc

Pkg
no.

Product @ 7 6 .7 °Ca—Dum m y load @ 20°C b 
Belt speed (fpm )

Product (s> 76 .7°C a—Dum m y load 76 .7°C b 
Belt speed (fpm)

5.5 6.0 6.5 7.0 5.5 6.0 6.5 7.0

1 16.25 11.25 7.5 4.5 18.75 13.75 9.5 6.75
2 18.25 13.0 8.0 6.5 18.75 13.75 9.5 6.75
3 18.75 17.5 11.25 7.5 18.5 13.75 9.75 6.75
4 19.0 14.75 14.5 8.0 18.5 13.0 9.5 6.5
5 18.5 14.25 9.0 5.0 18.75 13.5 9.0 6.75
6 17.25 11.25 8.0 4.5 18.75 13.75 9.5 6.75

a Product preheated to 76.7°C to simulate hot fill
b Pouches of bentonite (10%} used to precede and follow pouches of beef as a dummy load

it was found that at the initial tempera
ture of 65°C, a belt speed of 6.5 fpm was 
needed to prevent ruptured seams at an 
overpressure of 25 psig. At 30 psig, a rate 
of 6.0 fpm or faster prevents seam failure 
and 35—40 psig, 5.0 fpm or faster, results 
in package integrity. Similarly, a higher 
initial temperature requires an increase in 
the rate of throughput and/or greater 
overpressure to assure package reliability.

While Decareau (1970), Hamid et al.
(1969), Jeppson (1964), Jackson (1947) 
and Watanabe and Tape (1969), demon
strated that sterilizing and pasteurizing 
temperatures can be readily achieved by 
application of microwave energy in foods, 
a means of integrating time with tempera
ture in microwave processing was not 
available. Since calculation of a food pres
ervation process by thermal means de
pends on the determination of time/ 
temperature relationships (F), efforts to 
develop a means of integrating time/ 
temperature in products processed by 
microwave energy were carried on con
currently with the above. (Time/tempera- 
ture relationship at the slowest heating 
point in a product receiving a thermal 
process equal to 1 min at 121°C.) While 
establishing time/temperature conditions 
required for sterility, is easily accom
plished in a conventional retort by means 
of thermocouples, this method does not 
lend itself to a continuous system where 
the product must be valved in and out of 
a pressurized, chamber approximately 30 
ft long. In addition, the thermocouple 
wire would be heated by microwave en
ergy giving false readings. As a result of 
the above considerations, it was decided 
that a chemical means of integrating time 
with temperature would provide the most 
suitable solution to the problem. Prior 
work with paper thermometers yielded 
data which indicated that the slowest 
heating point was the center of the prod
uct and that center temperatures on the 
order of 121°C could be achieved. In 
addition, the paper thermometers indi
cated that the edge temperatures of the 
product were considerably higher than 
the center as a result of exposure to

microwave energy. It was assumed there
fore that the process at the edges would 
be greater than at the center.

Since we had no means of determining 
time/temperature integration other than 
the above we made the following assump
tions:

1. During microwave exposure the 
rates of increase of “F” at the edges is 
more rapid than the center.

2. During post microwave exposure 
holding time, although the temperatures 
of the insulated product tend to equili
brate, the surface remains somewhat hot
ter than the center and the F values at the 
edges will always be greater.

Although the paper thermometers did 
not provide adequate sensitivity and were 
not capable of integrating time/tempera
ture, their use did provide the rationale 
for placing some sort of chemical in
tegrating device at the slowest heating 
location of the mass. With these as con
siderations, a colorimetric method of 
integrating time/temperature was devel
oped. Utilizing the Maillard (1913) reac
tion, and measuring the increase in 
browning of a sugar/protein solution with 
time at 121°C, a standard curve was 
established for this temperature, color- 
imetrically, which yielded a straight line 
on semi-logarithmic paper (Fig. 3). Any 
point along the curve represents an in
tegrated time/temperature condition, or
F. The temperature of 121°C was se
lected to establish the standard curve 
because this is the reference temperature 
for establishing a thermal process for 
commercial sterility. When pouches con
taining 0.5 ml aliquots of the solution are 
located in the center of the product and 
subjected to microwave heating, a degree 
of browning occurs in proportion to the 
thermal energy received at its location 
within the product (Fc). This change in 
color, measured optically, yields a nu
merical (colorimetric) value somewhere 
on the ordinate of the standard curve. A 
horizontal line drawn from this point on 
the ordinate will intercept the slope of 
the curve at some point. A vertical line 
drawn from the intercept to the abscissa

will yield the Fc value directly, without 
recourse to calculations. With this means, 
we were able to relate the microwave 
sterilization process to conventional ther
mal processing. That browning reactions 
are a rate phenomena related to tempera
ture has been frequently reported. Willets 
et al. (1958) used photometric means of 
measuring the rate of nonenzymatic 
browning with increasing pH, subsequent 
to heating at 114°C for 20 min. Lento et 
al. (1960) used photometric methods to 
demonstrate the time/temperature de
pendency of the lineality of browning 
reactions of a number of carbonyls at 
100°C. While prior work has been done 
to demonstrate the lineality of some non
enzymatic browning reactions, to our 
knowledge the use of the browning reac
tion as a tool for integration of time/' 
temperature relationships has heretofor 
not been used.

Incorporating this technique into our 
studies, it was noted that a rather wide 
divergence of Fc values were obtained in 
each of the six packages of meat from a 
run, and that the product at or near the 
beginning and end of each run had a 
lower Fc value than in the pouches which 
were centrally located in a series. This 
was repeatable at any rate of speed at 
which the product was processed (Table 
2). The fact that the pouches of product 
were pre-heated to simulate a “hot fill” 
while the bentonite dummy load which 
preceded and followed the pouches of 
product, were held at ambient tempera
tures, suggested that microwave energy 
was being attracted to a greater degree by 
the dummy pouches which were cooler 
than the product pouches.

In order to verify this concept, the 
dummy load was pre-heated to the same 
temperature and otherwise treated the 
same as the beef prior to insertion in the 
microwave processor. The result was elim
ination of the difference in Fc from 
package-to-package of beef (Table 2). 
While additional work is required to gain 
further understanding of this phenome
non, the above appears to provide an 
empirical solution to the problem of vari-
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Fig. 6—Effect of initiai product temperature on Fc.

Table 3—Effect of Rf energy exposure time on Fc

Rf energy exposure time 
(min)

Fc

Initial
temp

71.1°C

Initial 
temp 

76.7° C

1.39 6.0 6.7
1.49 8.0 9.5
1.62 1 1 . 2 13.2
1.76 15.5 18.7

ability of the sterilization process from 
container to container.

Additional variables that had a signifi
cant effect on Fc as determined in this 
study, were rate of throughput (Fig. 6), 
initial product temperature (Fig. 6) radio 
frequency (rf) exposure time (Table 3) 
and method of cooling (Fig. 4). When Fc 
Was plotted on the ordinate on semi- 
logarithmic paper against rate on the 
was plotted on the ordinate on semi- 
logarithmic paper against rate on the 
abscissa, it was found that, as expected, 
the Fc values increased as rate of through
put decreased and it appears that final 
temperatures achieved in the product as 
well as Fc are functions of the initial tem
perature (Fig. 6). It further appears that 
these phenomena are constants and 
should be useful in predicting process 
requirements to achieve product sterility.

Method of cooling and length of time 
the insulated product is held under oper
ating pressure, prior to cooling with 
water, has a significant effect on Fc val
ues (Fig. 4). The points on the curve rep

resent two separate runs of six containers. 
Fc values from container-to-container 
within a run did not vary, but there was a 
variation from run-to-run of about 1/2 
min in Fc at 5 and 10 min. No difference 
in Fc was obtained for the 15-min hold
ing cycles. The variations obtained be
tween runs were probably due to slight 
procedural differences that are bound to 
occur when manual operation is involved.

That Fc values within the insulation 
wrapped pouches increase with holding 
time is not surprising since the function 
of the insulation was to minimize heat 
losses and therefore reduce the tempera
ture differential between the product and 
the pressurized, ambient temperature air, 
while allowing temperature equilibration 
throughout the product. Flooding the 
cooling chamber with cold tap water 
reduces the product temperature to 
below 100°C in less than 2-1/2 min.

Product temperatures in excess of 
100°C in flexible packages can only be 
obtained in a pressurized system. It is 
clear (1) in a system that is pressurized by

ambient temperature air, thermal loss due 
to the temperature differential between 
product surface and air is significant; that 
(2) some means, such as heated air or 
insulation is needed to minimize this 
differential; and that (3) the use of insula
tion results in the retention of microwave 
induced thermal energy without the cost 
of additional energy inputs. This makes 
insulation an attractive means of comple
menting the process. For commercial 
application, the pouches may be fed 
through the microwave cavity between 
two closely fitted parallel insulated belts, 
thus eliminating the need for individually 
wrapping each pouch.

The mylar-polypropylene laminate 
used in this study is an inadequate gas 
barrier for long term storage and a 
metallic-laminate overwrap would there
fore be required after processing to insure 
product stability.

The foregoing demonstrates the feasi
bility of a microwave induced thermal 
process for the preservation of foods. 
While the purpose of this study was basi
cally, to comprehend processing param
eters, observations of beef receiving a 
sterilizing process by microwave energy 
indicated that an excellent product could 
be obtained. Studies comparing quality of 
meat items receiving a conventional ther
mal process vs. microwave processing will 
be carried out in our laboratory.
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EFFECT OF FRYING AND OTHER COOKING CONDITIONS ON 
NITROSOPYRROLIDINE FORMATION IN BACON

INTRODUCTION
RECENT SURVEYS have demonstrated 
that the presence of nitrosamines in very 
low concentrations in various types of 
cured meat products occurs in a random 
manner (Fazio et al., 1971a; Sen, 1972; 
Wasserman et al., 1972; Crosby et al., 
1972; USDA, 1972). In bacon, however, 
nitrosopyrrolidine (NO-Pyr) has been 
found and confirmed in a very high per
centage of fried, ready-to-eat samples 
(Crosby et al., 1972; Sen et al., 1973; 
Fazio et al., 1973). This is the first in
stance of the consistent occurrence of a 
nitrosamine in a food product. Since 
approximately 1.5 billion pounds of 
bacon are consumed annually, the pres
ence of a nitrosamine—even in low con
centrations—is a matter for concern.

The origin of NO-Pyr in bacon is still 
unknown; however, it has been suggested 
that it could be produced by the decar
boxylation of nitrosoproline, which is 
present in the tissues (Lijinsky and Ep
stein, 1970). We are reporting the effect 
of various cooking methods and frying 
temperatures on the formation of NO-Pyr 
in bacon and on a possible mechanism for 
the formation of NO-Pyr from a precur
sor in bacon.

EXPERIMENTAL
Decarboxylation o f nitrosoproline

P o w d e re d  nitrosoproline (0.05g, 0.347 
mmoles) was added to a 100 ml single neck 
round-bottom  flask containing 25 ml silicone
oil. The flask was heated at various tem pera
tures with stirring for 10 min in a constant 
tem perature oil bath. After cooling, the silicone 
oil reaction m ixture was extracted in a 125 ml 
separatory funnel three times with 30 ml H ,0  
using a 3 min shake, and the extracts were 
combined in a 250 ml separatory funnel. The 
water extracts were in turn extracted three 
times with 100 ml CH,C12 with gentle shaking 
for 3 min and the CH2C12 layers combined. 
The CH,C1, extracts were washed by shaking 
for 1 min with 50 ml 6N HC1 followed by 50 
ml 5N NaOH then concentrated to 1 ml using a 
Kuderna-Danish apparatus equipped with a 
three-section Snyder column. N itrosopyrroli
dine was then determ ined by gas-liquid chro
m atography.

To test the efficiency o f the extraction 
procedure 5 mg of NO-Pyr was added to 25 ml 
o f silicone oil and carried through the entire 
process. A final recovery o f 50% was achieved.

Commercial survey
One-pound packages of commercial bacon 

were purchased in local retail markets. The 
bacon was fried until medium-well done in a 
preheated Presto teflon coated electric frying 
pan Model PC04AT, requiring 5 - 6  min at a 
calibrated therm ostat setting of 176.7°C. The 
bacon slices were turned at intervals to ensure 
even cooking. The drippings and a portion of 
the uncooked bacon were saved for subsequent 
nitrosamine analyses.
Cooking m ethods

In studying the various m ethods o f cooking, 
bacon was fried for 6 min in a preheated frying 
pan at 176.7°C or for 9 min starting with a cold 
pan set at 176.7°C. Bacon was also broiled for
4.5 min on a rack set 5 - 6  in. below the heat 
source (ca 305°C) or baked for 13 min at 
204°C in a shallow tray placed in the center of 
a preheated Tappan Visualite electric oven 
Model EOKLV-31-3C. Using a Westinghouse 
“ baconer” Model HBB202A, bacon was draped 
o v er a teflon-coated heating elem ent and 
cooked for 7 min with the therm ostat dial set 
between “ crisp” and “more crisp” (ca 241°C). 
Microwave cooking of the bacon was done with 
a Litton Industries microwave oven Model 550 
for 1 min in a rectangular cardboard tray. In all 
cases bacon was cooked until medium well 
done.
Analytical procedures

The bacon samples were analyzed for the 
following nitrosamines: dimethylnitrosamine, 
m e th y le th y ln itro sam in e  and diethylnitrosa- 
mine, nitrosopiperidine, nitrosopyrrolidine and 
nitrosom orpholine using a m odification of the 
m ethod o f Fazio et al. (1971b) for the m ulti
detection of volatile nitrosamines. Basic alu
mina (Camag, Brockman No. 1) washed with 5 
to 15% C H jC l, in hexane and a CH2C1, elu
tion solvent was used instead o f silica gel in the 
column chromatographic clean-up procedure. 
The average recovery of nitrosopyrrolidine in 
an aliquot of the same sample with 20 ppb 
added was 70% for both the fried bacon and 
the fat drippings.
Gas-liquid chromatography

The nitrosamines were quantitated  by gas- 
liquid chromatography using a Varian-Aero- 
graph Model 1740-1 modified for use as an 
alkali flame ionization detector with a potas
sium chloride coated coil (Howard et al, 1970). 
The sample was separated on a 10 ft x  1/8 
in. o.d. stainless steel column packed with 
13% Carbowax 20M-TPA on 6 0 -8 0  mesh Gas 
Chrom P equipped for on-column injection. 
The flow conditions used were: helium 50-, 
hydrogen 58- and air 200 ml/min. Hydrogen 
flow and, to a lesser extent, air flow were ad
justed slightly from time to time in order to

m aintain desired detector sensitivity. Elec
trom eter range used was 10"' 7 amp/mv injector 
port and detector tem peratures were 185 and 
220°C, respectively; column tem perature was 
programmed from 105 to  200°C at 4°/m in fer 
the determ ination of the six nitrosamines. For 
the model system experim ent involving the 
form ation of NO-Pyr from NO-Pro an isother
mal tem perature o f 170°C was used.
GLC-mass spectrom etric analysis

For confirm ation of the identity  o f the 
nitrosamines a Varian-Aerograph Model 1740-1 
gas-chromatograph equipped with a 5 ft X 1/8 
in. o.d. stainless steel column packed with 3% 
GC SE-30 on 1 0 0 -1 2 0  mesh Varaport 30 was 
connected to a DuPont Model 21-492 mass 
spectrom eter. The gas flow rates used were: 
helium 38-, hydrogen 40-, and air 400 ml/m in. 
T he tem peratures used were: colum n-pro
grammed from 100 to 170°C at 6°/m in; detec
tor, 200°C; and injector port, 190°C. The 
column effluent was split 1:1 with one-half 
going into a flame ionization detector and the 
other half passed via an inlet line heated at 
I90°C  into the mass spectrom eter operated in 
the peak matching mode adjusted to a resolu
tion of 1 in 12,000 as described by Dooley et 
al. (1973). The mass spectra were obtained at 
an ionizing voltage of 70 ev and an ion source 
tem perature of 150°C. The mass-to-charge ratio 
(m/e of 100.06366) for NO-Pyr was determ ined 
using the m /e 99.99361 reference peak of per- 
fluorokerosene by measuring the difference in 
m/e. The signal was recorded on both an oscil
loscope and a recording oscillograph.

All samples having a gas chrom atography 
alkali flame ionization detector response with 
the same retention time as an authentic  sample 
o f NO-Pyr were checked by mass spectrom etry. 
In general, 10 ppb NO-Pyr or greater could be 
confirmed using this procedure. Where there 
was no positive confirm ation due to  an insuffi
cient concentration of nitrosam ine or the pres
ence of interfering background com ponents, 
values are presented as apparent NO-Pyr and are 
used for comparative purposes only, with the 
understanding that the material may no t be 
NO-Pyr.

RESULTS & DISCUSSION
THE RESULTS of analyzing bacon from 
six processors for the six volatile nitro
samines are shown in Table 1. Only NO- 
Pyr was found in confirmable concentra
tions in bacon fried at 176.7°C and its 
drippings. Other workers (Sen et al., 
1973; Fazio et al., 1973) have found a 
major portion of the NO-Pyr in the 
cooked-out fat. Our observation, and that 
of Fazio et al. (1973), that no NO-Pyr is
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present in uncooked bacon suggests that 
this compound is formed during the fry
ing stage.

The fact that the rate of nitrosation is 
greater for proline than pyrrolidine (Mir- 
vish, 1973) suggests that nitrosoproline 
(NO-Pro) is formed first followed by 
decarboxylation during frying to yield 
NO-Pyr. To determine the conditions 
under which decarboxylation does occur, 
and establish the possibility of NO-Pro as 
a precursor of NO-Pyr, NO-Pro was 
heated for 10 min in silicone oil at 
different temperatures. The results, in 
Figure 1, indicate that the maximum 
production of NO-Pyr occurs at 185°C, 
which is approximately the temperature 
recommended for frying bacon. Little or 
no NO-Pyr formed at 100°C even when 
heating was carried out for 20 min. Re
ducing the heating time to 5 min at 
185°C still produced more than 2g NO- 
Pyr/mole NO-Pro. This model system 
study indicates that the conditions of 
frying would be important if NO-Pro is a 
precursor for NO-Pyr in bacon.

The correlation of time and tempera
ture of frying with the amount of NO-Pyr 
formed in bacon is shown in Table 2. 
Bacon from two bellies was obtained 
from a normal production run of a local 
meat processor to minimize differences

Table 1—Nitrosopyrrolidine (NO-Pyr) found 
in commercial bacon

Residual
NaNO, NO-Pyr , ppb (Uncorr)3

Samples (ppm) Raw Fried Drippings

A 89 0 11 16
B 96 0 13 39
C 97 0 11 24
D 39 0 19 23
E 53 0 29 19
F - 0 38 32

a Confirmed by M.S.

TEMP.
200 250 300 350 400 I O

450 F
_1_

Fig. 1 —Decarboxylation of nitrosoproline (NO-Pro) to nitrosopyrroli
dine I NO-Pyr) in a model system.

due to composition or processing condi
tions. Samples from one belly, immedi
ately after production, were fried at 
various time and temperature combina
tions until they were medium well done, 
or they were fried for 10 min at each of 
several temperatures. When bacon was

Table 3—Effect of cooking methods on 
nitrosopyrrolidine (NO-Pyr) formation in bacon

Cooking method

NO-Pyr, ppb (Uncorr) 
Sample

1 2 3
Raw 0 0 —

Fried (cold pan) 9 17a 11a
Fried (hot pan) 5 20a 19a
Bake 35a 13a 1 2a
Broil 1 2a 12 14a
Baconer 9 7a 16a
Microwave 2 0 3
a Confirmed by M.S.

Table 2—Effect of frying conditions on nitrosopyrrolidine (NO-Pyr) 
formation in bacon

Temperature
Frying conditions 

Time
NO-Pyr, ppb (uncorr) 
Storage time—wk @ 1.7°C

<°C) (° F) (min) Degree 0 2

99 210 105 Med. well 0 0
135 275 30 Med. well 8 5
176.7 350 6 Med. well 10a 6
204 400 4 Med. well 17a 7
99 210 10 Raw 0 0

135 275 10 V. light 0 0
176.7 350 10 Well 15 7
204 400 10 Burned 19a 16a
a Confirmed by M.S.

fried to a visually determined degree of 
medium well done, increasing the tem
perature from 99—204°C required times 
varying from 105 to 4 min, respectively. 
No NO-Pyr was formed at 99°C, but 
higher temperatures produced increasing 
concentrations, reaching a level of 17 
/ig/kg (ppb) at 204°C. Bacon fried for 10 
min at 99°C was still raw and contained 
no NO-Pyr. Increasing the temperature, at 
a constant exposure of 10 min resulted in 
darker, crisper bacon with formation of 
increasing concentrations of NO-Pyr. The 
bacon fried at either 99° or 204°C for 10 
min would be unacceptable to most 
people on the basis of sensory quality.

The effect of the age of the bacon was 
also investigated by repeating the tests 
with the bacon from the second belly 
stored at 1.7°C for 2 wk. Although the 
concentrations of NO-Pyr formed after 2 
wk storage appear to be somewhat lower 
than the amounts found in fresh bacon, it 
is not possible at this time to draw any 
conclusions from the effect of storage.

Even though bacon is usually prepared 
by pan frying, other methods of cooking 
have been recommended. A number of 
processors include directions on the pack
age for baking or broiling bacon. The 
results of an investigation of the effects 
of various cooking methods on NO-Pyr 
formation in bacon prepared until me
dium well done are shown in Table 3. Our 
standard frying procedure again produced 
high yields of NO-Pyr; essentially none 
was formed with microwave cooking. 
This may be the result of the very short 
exposure time of bacon to heat in the 
microwave oven. Our data confirmed the 
results recently reported by Herring
(1973). Baking, broiling and the “bacon- 
er” produced variable quantities of NO- 
Pyr in the bacon. However, it appears 
that the “baconer” may produce slightly
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less NO-Pyr as shown in samples 1 and 2.
It is important to note that the 35 ppb 

value reported for the first baked bacon 
sample was confirmed by high resolution 
mass spectrometry. However, the mass 
spectrometer response for NO-Pyr, on a 
semiquantitative basis, was not as great as 
expected for this concentration of nitro- 
samine. It is possible that the gas chro
matograph was responding to an addi
tional component in the bacon sample 
which eluted at the same time as NO-Pyr. 
This points up the need for specific con
firmation procedures to avoid erroneous 
interpretations of nitrosamine detection 
data alone.

(Precautions should be exercised in the 
handling of nitrosamines, since they are 
potential carcinogens.)
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RELATIONSHIP OF AGE TO GENERAL COMPOSITION, SKIN THICKNESS, 
PHOSPHOLIPID CONTENT AND ENZYMATIC A C TIV ITY  IN TURKEYS

INTRODUCTION

T H E  P U R P O S E  o f  lip id s  in m u sc le  is 
m an ifo ld . C e rta in  lip id s  c o n tr ib u te  to  th e  
s t ru c tu ra l  in te g r i ty  o f  m u sc le  cell m e m 
b ra n es  (W h ite  e t  a l., 1 9 6 8 ), a n d  o th e rs  
p ro v id e  an  e n e rg y  reserv e . T h ey  a lso  hav e  
in su la tin g  value . L ip id s a re  in v o lv ed  in  th e  
o rg a n o le p tic  p ro p e rt ie s  o f  m e a t, in c lu d in g  
“ m o u th  fe e l”  a n d  ju ic in e ss ; in  m ea t an i
m als, th e y  c o n tr ib u te  d ire c tly  to  th e  
g rad e  o r  q u a li ty  m e a su re  o f  carcasses. 
T hus, th e  p re sen c e  o f  v a rio u s  ty p e s  an d  
a m o u n ts  o f  lip id s  a f fe c ts  flav o r, te x tu re ,  
c o lo r, n u tr i t iv e  v a lu e  a n d  d e te r io ra tiv e  
p o te n tia l  o f  m ea t.

T u rk e y  m u sc le s  n o rm a lly  c o n ta in  0 .8 — 
3.5%  lip id  (A c o s ta  e t a l., 1 9 6 6 ; N eu- 
d o e r f fe r  a n d  L ea, 1 9 6 8 ) , b u t  p ro c esso rs  
m ay  in c re a se  th is  a m o u n t  b y  in je c tin g  
c e r ta in  c h em ica ls  k n o w n  to  p ro d u c e  car
casses o f  im p ro v e d  e a tin g  q u a li ty .  Several 
in te re s t in g  re la tio n s h ip s  a re  w o r th  n o tin g  
h e re . F irs t ,  th e  n o rm a l lip id  c o n te n t  o f  
m u sc le  tis su e  seem s d e p e n d e n t  o n  age o f  
th e  b ird  (A c o s ta  e t  a l., 1 9 6 6 ; W angen  a n d  
Skala, 1 9 6 8 ; W angen  e t  a l., 1 9 7 1 )  a n d  
ty p e  o f  m u sc le  tis su e  (A c o s ta  e t  a l., 1 9 6 6 ; 
W angen a n d  Skala, 1 9 6 8 ; M ario n , 1 9 7 0 ; 
an d  W angen  e t  a l., 1 9 7 1 ). S e c o n d , d ie t 
in f lu e n ce s  th e  d eg ree  o f  f in ish  in  tu rk e y s  
(N e u d o e r f fe r  a n d  L ea, 1 9 6 8 ) , a n d  th e  
d eg ree  o f  fin ish  a f fe c ts  th e  y ie ld  o f  ed ib le  
m e a t (E ssa ry  e t  a l., 1 9 6 8 ). T h e  f a t ty  acid  
c o m p o s it io n  o f  th e  r a tio n , m o reo v e r , is 
k n o w n  to  a f fe c t  th e  f a t ty  ac id  c o m p o s i
t io n  o f  a d ip o se  tis su e  a n d  sk in  (M ickel- 
b e r ry  e t  a l., 1 9 6 6 ; O sb o rn  e t  a l., 1 9 6 9 ; 
a n d  C arlso n  e t  a l., 1 9 6 9 ) , b u t  c o m p o s i
t io n  o f  th e  ra t io n  h as  l i t t le  e f fe c t o n  th e  
f a t ty  acid  d is t r ib u t io n  in  m u sc le  tissu e  
(M ario n  a n d  W o o d ro o f, 1 9 6 6 ; C h u n g  e t 
a l., 1 9 6 7 ; N e u d o e rf fe r  a n d  L ea, 1 9 6 8 ). 
L o n g -ch a in ed  p o ly u n s a tu ra te d  f a t ty  acid s 
n o rm a lly  are  fo u n d  in  tu rk e y  m u sc le  in  
su b s ta n tia l  q u a n ti t ie s  (F ish w ic k , 1 9 6 8 ; 
W angen e t  a l., 1 9 7 2 ). T h e ir  p re se n c e  is 
im p o r ta n t  b e ca u se  o f  th e i r  n u tr i t io n a l  
ro le  an d  p o te n tia l  fo r  d e te r io ra t io n .

T h e  p u rp o se  o f  th is  re se a rc h  w as to  
s tu d y  th e  lip id  c o m p o s it io n  a n d  lip id

1 P r e s e n t  a d d r e s s :  F o o d  R e s e a r c h  L a b o r a 
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d e p o s itin g  p o te n t ia l  o f  se lec te d  m uscles 
in  th e  tu rk e y  as e s tim a te d  b y  a s tu d y  o f  
c e r ta in  e n z y m e  sy s tem s.

EXPERIMENTAL
Muscle sample

The muscle samples used in this experiment 
were obtained from 32 Large White (Nicholas) 
male turkeys grown at the Iowa State Univer
sity Poultry Center. They were grown in con
finem ent and allowed access ad libitum to a 
commercial ration.
Processing m ethod

Beginning at 12 wk o f age and ending at 24 
wk, eight turkeys were selected at random at
4-wk intervals for processing. The turkeys were 
exsanguinated by severing the jugular vein and 
carotid artery w ithout previous stunning. Short
ly after death, samples o f  Pectoralis major, 
Biceps femoris, Gastrocnemius and wing mus
cles were excised and prepared for histological 
examination. The muscle strips were placed in 
liquid nitrogen within 5 min of the start 
o f exsanguination. Similar muscles from the 
opposite side o f  the carcass were excised, 
frozen and kept for additional analyses.

Proximate analyses
Muscle samples were freed of skin and ad

hering lipid deposits and passed through a food 
grinder with plate perforations o f 4 mm. 
Weighed portions o f  the ground samples were 
dried under vacuum at 90° ± 4°C for 24 hr for 
m oisture determ ination. Nitrogen content was 
determined by micro-kjeldahl and protein con
tent was calculated from the resulting data.
Lipid extraction

Samples (20g) o f ground muscle were twice 
extracted with cold chloroform -methanol (2:1) 
by using the procedure o f Folch et al. (1957). 
The two extracts were combined, washed with 
0.03M MgCl2, evaporated under reduced pres
sure, and adjusted to 25 ml volume with chloro
form. Lipid extraction was done at 4°C. Lipid 
content o f  meat samples was determined by 
drying aliquots o f lipid extract to a constant 
weight at 80°C.

Phospholipid determ ination
50 ^liters o f the total lipid extract were 

transferred to a test tube, from which solvent 
was evaporated with a stream of air. The dried 
extract was digested and phosphorus was deter
mined by using the m ethod of Chen et al. 
(1956). Phospholipid content was determined 
by m ultiplying the phosphorus content by 25.

Histological techniques
Fresh muscle tissue was cut with a razor 

blade to the approxim ate size for histological

examination. Care was taken so that the blade 
touched no more than one muscle of any bird. 
After freezing, the samples, along with some ice 
flakes to prevent dehydration, were placed in a 
precooled (liquid N 2) plastic bag, and held at 
-2 5 °C  until analyses were run. Samples were 
m ounted on crystal posts and sectioned at 20p 
in a -2 0 °C  cyrostat. Sections were transferred 
to a precooled watch glass containing 2 - 3  
drops o f precooled incubation media. The sec
tions froze upon contact, but thawed readily 
when incubation started. Incubation for the 
enzymes ranged from 1 5 -6 0  min at 37° C in a 
m oistened atm osphere. Incubation media were 
prepared after the techniques o f Barka and 
Anderson (1963), but only 5 mg/ml of 6-phos- 
phogluconate was prepared because it repre
sents a saturated solution (Nachlas et al., 1958). 
A 0.1M phosphate buffer, adjusted to  pH 7.0, 
was used, and 0.1 M cyanide inhibitor was in
cluded in the incubating media. Enzymes 
studied in this experim ent included (3-hydroxy- 
bu tyrate  dehydrogenase (BHBD), glucose-6- 
phosphate dehydrogenase (GPD), 6-phospho- 
gluconate dehydrogenase (PGD) and lactate 
dehydrogenase (LD). To test the incubating 
media, pork muscle was used as a control. Re
sults are reported as percentages o f enzym e
positive fibers.

Enzyme analyses
Approximately 3 -5 g  of muscle tissue were 

used to prepare m itochondria according to the 
procedure by Lundquist and Kiessling (1967). 
A tris-phosphate buffer (pH 7.5) was mixed 
with the muscle tissue in a Potter-Elvehjem 
homogenizer (Kontes). Muscle m itochondria 
were obtained by differential centrifugation (10 
min at 1000G and a t 10.000G for 20 min). The 
precipitate which occurred at 5°C was saved. 
M itochondria were frozen to lyse the walls and 
then incubated in a Biological Oxygen Monitor 
at 37° C. The m itochondrial fraction, plus 
buffer as a control, was added to one cell while 
buffer, m itochondria and substrate were added 
to the other ceil.

About 3g of muscle tissue with 0.25M su
crose were minced in a Potter-Elvehjem homog
enizer. The contents were centrifuged at 1000 
X G for 15 min to remove unbroken cells and 
other fragments. After this separation, the 
supernatant was used to determine the activity 
o f LD and GPD. GPD activity was determined 
in the Biological Oxygen Monitor at 37°C using 
the reaction medium described by Dawson and 
Romanul (1964). The reaction m ixture used for 
lactate dehydrogenase also was prepared after 
the procedure o f Dawson and Rom anul (1964), 
but its activity was measured spectrophoto- 
metrically at 340 nm, at 26°C. The am ount of 
protein was determined by the Biuret technique 
of Torten and W hitaker (1964).
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Statistical analysis
Least-squares analysis was used to estimate 

age, muscle type and o ther effects according 
to the procedures of Snedecor and Cochran
(1967). In addition, Duncan’s Multiple Range 
Test (Steel and Torrie, 1960) was used.

RESULTS
T H E  A V E R A G E  W E IG H T S  o f  tu rk e y s  
u sed  in  th is  e x p e r im e n t a re  sh o w n  in 
T ab le  1. Sk in  th ic k n e ss  a t tw o  lo c a tio n s  
in c re a sed  w ith  in c re as in g  age (T ab le  2 ) 
w ith  th e  m o s t ra p id  in c rease  o c cu rr in g  
a f te r  th e  tu rk e y s  w ere  2 0  w k  o ld . T h ic k 
ness v a lu es a p p e a r  sm all in  m a g n itu d e  
b e ca u se  m o d e ra te ly  s tre tc h e d  sk in  w as 
m ea su re d  w ith  a  sp rin g -lo ad ed  m ic ro m 
e te r. T h e re  is an  im p lic a tio n , n e v e rth e le ss , 
th a t  fa tn e ss  ( f in ish )  o f  th e  tu rk e y  can  be  
e s tim a te d  b y  m easu rin g  sk in  th ic k n e ss .

P ro x im a te  an a ly ses o f  th e  tissu es 
s tu d ie d  are  re p o r te d  in  T ab le  3 ; see  T ab le  
4  fo r  s ta tis t ic a l  an a ly ses. T h e  re su lts  sh o w  
th a t  c o n c e n tra t io n s  o f  lip id , p ro te in  an d  
m o is tu re  w ere  s ig n ific a n tly  in f lu e n c e d  by  
m u sc le  ty p e . M oreo v er, lip id  a n d  m o is
tu re  c o n te n t  ch an g ed  s ig n ific a n tly  w ith  
age, w h ile  p ro te in  c o n te n t  re m a in e d  c o n 
s ta n t.

L ip id  c o n c e n tr a t io n  w as s ig n ific a n tly  
a f fe c te d  b y  age a n d  m u sc le  ty p e .  A t 24 
w k o f  age, lip id  c o n te n ts  o f  th e  B iceps 
fe m o ris  a n d  G a s tro c n e m iu s  w ere  n o t  sig
n if ic a n tly  d if fe re n t,  b u t  th e ir  lip id  c o n 
te n ts  d if fe re d  s ig n ific a n tly  fro m  th o se  o f  
th e  P e c to ra lis  m a jo r a n d  w ing  m uscles. 
T h e  P e c to ra lis  m a jo r a n d  w ing  m uscles 
w ere  s im ila r in  lip id  c o n te n t ,  a n d  b o th  
h ad  s ig n if ic a n tly  lo w e r lip id  c o n c e n tra 
tio n s  th a n  th e  B iceps fe m o ris  an d  G as
tro c n e m iu s .

P ro te in  c o n te n t  d id  n o t  ch an g e  w ith  
age, b u t  w as a f fe c te d  b y  m u sc le  ty p e  
(T ab le  4 ). T h e  P e c to ra lis  m a jo r c o n ta in e d  
th e  g re a te s t  c o n c e n tra t io n  o f  p ro te in ,  
fo llo w e d  b y  w in g  m uscles. P ro te in  levels 
o f  B iceps fe m o ris  a n d  G a s tro c n e m iu s  
w ere  n o t  s ig n ific a n tly  d if fe re n t,  a n d  th e y  
w ere  c o n s is te n t w ith  in c re as in g  age.

A s ig n ific a n t e f fe c t  o f  age a n d  m u sc le  
ty p e  o n  m o is tu re  levels w as sh o w n  b y  th e  
analy sis  o f  v a rian ce  (T ab le  4 ) . A m o n g  
m u sc les , P e c to ra lis  m a jo r  h ad  th e  lo w est 
m o is tu re  levels (T a b le  3 ). M o istu re  in 
w ing  m u sc le s  w as s ig n if ic a n tly  g re a te r  
th a n  th a t  o f  th e  P e c to ra lis  m a jo r, b u t  was 
c o m p a ra b le  to  th e  m o is tu re  levels o f  th e  
G a s tro c n e m iu s  an d  B iceps fem o ris .

T h e  d is t r ib u t io n  o f  p h o sp h o lip id s  in  
tu rk e y  m u sc les  a t  v a rio u s  ages is sh o w n  in 
T ab le  5. M ost o b se rv a tio n s  w ere  w ith in  
th e  ran g e  o f  6 0 0 - 7 0 0  m g/lO O g tissu e , 
e x c e p t  fo r  tu rk e y s  a t  24  w k , a t w h ich  
tim e  b re a s t a n d  w ing sam p le s  h a d  p h o s 
p h o lip id  va lues as lo w  as 4 7 5  m g/lO O g 
tissu e . Age an d  tis su e  e f fe c ts  w ere  s ta tis 
tic a lly  s ig n ific a n t (T ab le  6 ). T h ere  was 
c o n s id e ra b le  v a r ia tio n , h o w e v e r, f ro m  o n e  
age p e r io d  to  a n o th e r  a n d  fro m  o n e  
m u sc le  to  a n o th e r .  W hen e x p re ssed  as a

Table 1- 
ious ages

■Weight of tom turkeys at var-

Age Weight
(wk) (kg)
12 5.51 ± 0.18a
16 8.60 ± 0.32
20 9.98 ± 0.38
24 13.03 ± 0.30

3 Mean and standard e rro r based on e ight 
tu rk e y s  in each age group.

Table 2—Skin thickness (mm) of turkeys 
at various ages

Age
(wk)

Location

Beard
1 in.

from beard3
12 0.019b 0.034b
16 0.038b 0.051b
20 0.048b 0.092b
24 1.096c 2.479c

a T o w a rd  p ro x im a l end o f  s te rn u m . Means 
fo llo w e d  by the  same le t te r  do n o t d if fe r  
s ig n ific a n tly  a t the  0.01 level.

Table 3—Proximate analysis of muscles of turkeys at various agesa

Muscle type 12 16
Age (wk)

20 24

Pectoralis major 0.87f 1.00e
Lipid (%)

0.91 f 1.1 Id
Biceps femoris 1.54d 1 42d 1.69c 1.83b
Gastrocnemius 1.64c 1.60d 1.94a 1.84b
Wingb 1.24d 0.95ef 0.88f 0.89f

Pectoralis major 24.18a 23.87a
Protein (%) 

24.13a 23.78a
Biceps femoris 19.96c 20.19c 19.61c 19.78c
Gastrocnemius 19.86c 19.84c 19.04c 19.33c
Wingb 21.91b 22.31b 22.05b 22.16b

Pectoralis major 73.77e 73.33e
Moisture (%) 

73.37e 74.22de
Biceps femoris 77.09a 76.09a be 76.38ab 76.44ab
Gastrocnemius 76.82ab 77.03a 76.85ab 76.97ab
Wingb 76.00bc 75.10cd 75.35c 76.03bc
a Means based on e ig h t tu rk e y s  in  each age group. Means fo llo w e d  by the  same le tte r  do n o t 

d if fe r  s ig n ific a n tly  a t th e  0 .0 5  level, 
b W ing represents a com p os ite  o f  muscles o f  th e  upper w ing.

Table 4—Analysis of variance of proximate analysis data

Source of 
variation df

Mean Squares
Lipid Protein Moisture

Age (A) 3 0.166** 0.804 2.504*
Muscle type (M) 3 5.390** 138.107** 66.654**
AM 9 0.202** 0.484 0.714
Error 112 0.053 0.682 0.471

* S ig n ific a n t a t 0 .05  level 
* *  S ig n ific a n t a t 0.01 level

Table 5—Phospholipid content of muscles of turkeys at different ages3

Age (wk)
Muscle type 12 16 20 24

Phospholipid
(mg/100g tissue)

Pectoralis major 672.92 714.96 615.16 474.50
Biceps femoris 654.03 672.61 662.70 691.10
Gastrocnemius 670.28 657.16 629.50 640.00
Wingb 606.82 640.63 621.61 475.00

Phospholipid
(% of total lipid)

Pectoralis major 66.88a 62.53ab 58.11abc 42.89efg
Biceps femoris 52.99bcde 55.50bcd 45.50defg 39.44fg
Gastrocnemius 48.60cdef 46.98defg 37.78fg 36.82g
Wingb 53.61 bede 63.61ab 59.95ab 53.91 bede
a Means based on eight turkeys in each age group. Means follow ed by the same letter do not

differ significantly at the 0 .05  level,
b Wing represents a com posite of m uscles of the upper wing.
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p e rce n ta g e  o f  to ta l  lip id , p h o sp h o lip id s  
sh o w ed  s ig n ific a n t age, tis su e  ty p e  a n d  
in te ra c t io n  e ffe c ts  (T ab le  6 ). W ith  e ith e r  
m e th o d  o f  ex p ress in g  p h o sp h o lip id  cor.-

c e n tr a t io n , th is  p a ra m e te r  w as n eg ativ e ly  
re la te d  to  age o f  tu rk e y . B iceps fe m o ris  
a n d  G a s tro c n e m iu s  p h o sp h o lip id  c o n te n ts  
w ere  n o t  s ig n if ic a n tly  d if fe re n t  a t  d if fe r 

e n t ages, n o r  w e re  b re a s t  an d  w ing p h o s 
p h o lip id s  e x c e p t  a t  12 w k. W ing and  
P ec to ra lis  m a jo r  h a d  th e  g re a te s t  c o n c e n 
tr a t io n s  o f  p h o sp h o lip id s .

M eans fo r  LD a n d  B H B D  e n z y m e  
re sp o n se s  fo r  v a rio u s  m u sc les  a t  d if fe re n t  
ages a re  p re se n te d  in  T ab le  7. C o n sid e rin g  
th e  d a ta ,  b asic  tis su e  d iffe re n c e s  w ere  
su g g ested  in  th a t  e n z y m e  re sp o n se s  in  
P e c to ra lis  m a jo r  w e re  sm a lle r  w ith  o n e  
e x c e p tio n  th a n  th o se  in  B iceps fe m o ris  
a n d  G a s tro c n e m iu s . E n z y m e  re sp o n ses  
fo r  B iceps fe m o ris  a n d  G a s tro c n e m iu s  
w ere  s im ila r, o r  a t  le a s t n o t  s ig n ific a n tly  
d if fe re n t,  w ith in  th e  age p e r io d s  s tu d ie d  
(T ab le  8 ). T h e  la rg e s t ch an g e  in  e n z y 
m a tic  a c t iv ity  in v o lv ed  LD a t  24  w k  o f  
age.

G PD  a n d  PG D  w ere  d e te c te d  o n ly  on  
o c ca s io n  in  th e  m u sc le s  u sed , an d  w h en  
d e te c te d ,  th e  re sp o n se  w as w eak . T hese  
e n zy m es h av e  b e en  d e te c te d  in p o rk  
m u sc les  b y  B o d w ell e t  al. (1 9 6 5 )  an d  in  
p ig eo n  P e c to ra lis  red  f ib e rs  b y  G eo rg e  
a n d  B erger (1 9 6 6 ) .  B o th  are  k e y  en zy m es 
in  th e  p e n to s e  p h o s p h a te  p a th w a y , w h ich  
is k n o w n  to  f u n c tio n  in  th e  g e n e ra tio n  o f  
re d u c e d  n ic o tin a m id e  a d e n in e  d in u c le o 
tid e  p h o s p h a te  (N A D P H ) fo r  lip o genesis.

DISCUSSION
IN  T H E S E  E X P E R IM E N T S  involving 
tu rk e y s  fro m  1 2 —24 w k o ld , th e  re su lts  
in d ic a te  th a t  several m a jo r  c o rre la te d  
ch an g es o c c u r  in  m u sc le  lip id s . F irs t ,  th e  
tu rk e y  seem s to  have  m o re  “ f in ish ”  a f te r  
20  w k  o f  age. T h e  re su lts  o f  th is  s tu d y  
sh o w  th a t  sk in  th ic k n e ss , an  e s tim a te  o f  
fa tn e ss  o r  fin ish , in c reases  a t a  ra p id  ra te  
as th e  tu rk e y  a p p ro a c h e s  m a rk e t  age. Al
th o u g h  n o  p ro x im a te  an a ly se s  w ere  d o n e  
o n  th e  sk in , d e p o s ite d  lip id  p ro b a b ly  is 
th e  m a jo r  cau se  o f  in c re a se d  sk in  th ic k 
ness w ith  in c re a s in g  age. M ario n  e t  al.
(1 9 7 0 )  r e p o r te d  th a t  sk in  o f  y earlin g  
fem ale  tu rk e y s  averaged  3 8 .5 %  lip id . If 
sk in  th ic k n e s s  is u se d  to  p re d ic t  b o d y  
lip id s, i t  is n e ce ssa ry  to  ta k e  m easu re 
m e n ts  a t  a  c o m m o n  lo c a t io n , su ch  as th e  
n e c k -p e c to ra l  ju n c t io n  w h e re  su b s ta n tia l  
lip id  is d e p o s ite d .

L ip id  c o n te n t  in  in d iv id u a l leg m uscles 
in c reased  w ith  age, w h e reas  in  b re a s t  and  
w ing m u sc le s , lip id  c o n te n t  re m a in e d  re la 
tiv e ly  c o n s ta n t .  T h ese  d a ta  s u p p o r t  p re 
v io u s  r e p o r ts  (A c o s ta  e t  a l., 1 9 6 6 ; W an- 
gen a n d  S k a la , 1 9 6 8 ; W angen  e t a l.. 1 9 7 1 ) 
in  b o th  th e  a m o u n t  a n d  v a r ia tio n  in  lip id  
c o n te n t .

P h o sp h o lip id  c o n te n t  o f  m u sc le  tissu e  
a p p ea rs  s im ila r  to  th a t  p re v io u s ly  re 
p o r t e d  (N e u d o e r f fe r  a n d  Lea, 1 9 6 8 ; 
M ario n , 1 9 7 0 ). A n  age e f fe c t  w as o b 
serv ed , h o w e v e r , v a r ia tio n  a m o n g  m u sc le  
g ro u p s  w as g re a te r  in  tu rk e y s  a t  24  w k 
th a n  a t e a rlie r  ages. W h en  ex p ressed  as a 
p e rc e n ta g e  o f  to ta l  lip id , p h o sp h o lip id s  
p re se n t w e re  n eg a tiv e ly  re la te d  to  age. 
P e c to ra lis  m a jo r  m a in ta in e d  a re la tiv e ly

Table 6—Analysis of variance for phospholipid data

Source of variation df

Mean
Total

Phospholipid

squares

Phospholipid (%)
Total phospholipid 

Age (A) 3 99995.50** 1036.26**
Muscle type (M) 3 345713.80** 1634.34**
AM 9 6860.54 206.48**
Error 112 6792.14 58.89

* *  S i g n i f i c a n t  a t  0 . 0 1  le v e l

Table 7—Average enzymatic activity and proportion of fibers positive for enzymes in mus
cles of turkeys at different agesa

Muscle type 12
Age (wk)

14 20 24
LD activity (moles NADPH/min/mg protein)b

Pectoralis major - 128.4b 102.0b 98.09b
Biceps femoris - 95.3b 113.0b 1240.00a
Gastrocnemius - 76.0b 116.0b 1211.00a

BHBD Activity
(pl/02/hour/10 mg mitochondrial protein)b

Pectoralis major 1,74de 1.72e 2.28bcde 1.99cde
Biceps femoris 2.65abc 2.61 abed 3.04ab 2.46abcce
Gastrocnemius 2.16cde 2.67abc 3.21a 2.66a be

Fibers positive for LD (%)b
Pectoralis major - - - -

Biceps femoris 47.62a 40.39a 51.75a 52.18a
Gastrocnemius 43.10a 48.39a 49.44a 48.41a

Fibers positive for BHBD (%)b
Pectoralis major - - - -
Biceps femoris 30.45a 42.72a 44.33a 45.83a
Gastrocnemius 31.57a 43.11a 42.27a 44.71a
a Means based on e igh t tu rk e y s  in  each age group. Means fo llo w e d  by th e  same le tte r  do n o t 

d if fe r  s ig n ific a n tly  a t the  0 .05  level.
k  A b b rev ia tion s : L D —lacta te  dehydrogenase; N A D P H —n ic o tin a m id e  adenine d in u c le o tid e  phos

phate (reduced); B H B D —j3 -h yd ro xyb u ty ra te  dehydrogenase.

Table 8—Analysis of 
positive for enzymes

variance of data on enzymatic activity and on proportion of fibers

Source of
variation df Mean squares df Mean squares

LDa BHBDa
activity activity

Age (A) 2 3343402.00** 3 1.97
Error a 21 312900.60 28 0.83
Muscle type (M) 2 1472676.00* 2 6.08**
AM 6 1137360.00 6 0.29
Error b 63 393353.60 56 0.35

Positive LDa Positive BHBDa
fibers fibers

Age (A) 3 364.89 3 27.79
Error a 28 242.02 28 520.45
Muscle (M) 1 375.10 1 1289.16
AM 3 222.92 3 674.15
Error b 28 250.95 28 405.70
a A b b rev ia tion s : L D —lac ta te  dehydrogenase; B H B D —j3 -h yd ro xyb u ty ra te  dehydrogenase.

* S ig n ific a n t a t 0 .05  level 
* *  S ig n ific a n t a t 0.01 level
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h ig h  c o n c e n tr a t io n  o f  p h o sp h o lip id  w h en  
th e  la t te r  w as ex p ressed  as a  p e rc e n ta g e  
o f  to ta l  lip id .

S in ce  th e  q u a n ti ty  o f  lip id  v aried  
b e tw e e n  m u sc le s  a n d  w ith  age, e n z y m e  
an a ly se s  m ay  b e  re la te d  to  th e  v a riab le  
p h y s io lo g ic a l n e ed  fo r  lip id  b y  m uscles. 
O b v io u sly , p h y sio lo g ica l a c t iv ity  varies 
a m o n g  th ig h , leg  a n d  b re a s t m u sc les  o f  
th e  tu rk e y . L ip id  c o n te n t ,  m o reo v e r, 
seem s to  be  p o s itiv e ly  c o rre la te d  to  a 
m u sc le ’s p h y sio lo g ic a l a c tiv ity .

T w o  e n zy m es , G PD  a n d  PG D , are  
k n o w n  to  fu n c tio n  fo r  th e  g e n e ra tio n  o f  
re d u c e d  n ic o tin a m id e  a d e n in e  d in u c le o 
t id e  p h o s p h a te  fo r  lip o g en esis . T hese  
e n z y m e s  w ere  a n a ly z e d  in tu rk e y  m u s
cles, b u t  n o  c o n s is te n t  re sp o n se  w as de 
te c te d .  A lth o u g h  th e y  have  b e en  re p o rte d  
in  p ig eo n  P e c to ra lis  f ib e rs  (G eo rg e  an d  
B erger, 1 9 6 6 ) , th e  d o m e s tic  tu rk e y  m u s
cle f ib e rs  sh o w  a t b e s t lo w  c o n c e n tra t io n s  
an d  (o r )  lo w  a c tiv ity  fo r  th e se  en zy m es .

LD  an d  B H B D  re sp o n se s  w ere  m eas
u ra b le  in  th e  m u sc le s  lis te d  in  T ab le  7. 
B o th  e n z y m e s  in  th e  leg  m u sc les  in 
c reased  w ith  in c re a s in g  age o f  tu rk e y ,  
sh o w in g  ch an g es b e tw e e n  20  an d  24  w k. 
T h e  e n z y m a tic  ch an g es o c c u rre d  in  th e  
s a m e  a g e  p e r io d  th a t  lip id  c o n te n t  
ch an g e d . H is to c h em ica l e n z y m e  re sp o n ses  
w ere  n o t  s ig n if ic a n tly  a ffe c te d  b y  age, 
h o w e v e r, th e  in c re a se  in  e n z y m e  a c tiv ity  
su g g ests th a t  th e  la t te r  m ay  b e  in d e p e n d 
e n t  o f  th e  n u m b e r  o f  f ib e rs  p o sitiv e  fo r  
th a t  e n zy m e.
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EFFECT OF ESSENTIAL MINERALS ON CADMIUM TO XIC ITY . A Review

INTRODUCTION

CA D M IU M  is a to x ic  e le m en t th a t  has no  
k n o w n  b io lo g ica l fu n c tio n . C ad m iu m  h as 
ch em ica l p ro p e rt ie s  s im ila r to  th o se  o f  
z in c  a n d  th e  tw o  e le m e n ts  are  u su a lly  
fo u n d  to g e th e r  u n d e r  geo lo g ica l c o n d i
tio n s . W ith g ro w in g  in d u s tr ia l  u se  o f  z inc  
an d  cad m iu m  th e  p o te n t ia l  fo r  g re a te r  
h u m a n  e x p o su re  is in c re ased . M any 
a sp ec ts  o f  c ad m iu m  to x ic i ty  hav e  re c e n t
ly b e en  rev iew ed  (F rib e rg  e t a l., 1971 , 
1973 ; V allee  and  U lm er, 1 9 7 2 ).

In  o rd e r  to  ev a lu a te  th e  h a za rd s  o f  
cad m iu m  to  m an , it is im p o r ta n t  to  c o n 
side r th e  re la tio n  o f  dose  to  given re 
sp o n ses a n d  th e  t im e  re q u ire d  fo r  th e  
re sp o n se  to  a p p e a r . T h e  a c tu a l d o se  level 
o f  c a d m iu m  is p ro b a b ly  th e  single m o st 
im p o r ta n t  fa c to r . T h e  re sp o n se  m ay  be 
m o d ifie d  by  th e  ro u te  o f  a d m in is tra t io n , 
th e  ch em ica l fo rm  o f  c a d m iu m , a n d  th e  
age, sex  a n d  sp ec ies  o f  a n im a l. T h e  n u t r i 
t io n a l s ta tu s  a n d  d ie ta ry  levels o f  several 
e ssen tia l n u tr ie n ts ,  in c lu d in g  m in e ra ls , 
can  g re a tly  a lte r  th e  a n im a l’s re sp o n se  to  
cad m iu m .

D ie ta ry  cad m iu m
In  th e  U .S ., m a n  is e x p o se d  to  c ad 

m iu m  daily  via a ir, fo o d  an d  w a te r . T he 
“ av erag e” in ta k e  fro m  th ese  th re e  so u rces  
is 0 .0 2 , 50  a n d  10 pig c a d m iu m /d a y , re 
sp ec tiv e ly . I f  a p e rso n  e le c ts  to  sm o k e  20 
c ig a re tte s  p e r d a y , th e  in ta k e  o f  c a d m iu m  
is s ig n ifican tly  in c re ased , b y  a p p ro x i
m ate ly  20  pig/day. T h e  a m o u n t o f  c ad 
m ium  th a t  a c tu a lly  e n te rs  th e  b o d y  is 
gen era lly  c o n s id e re d  to  b e  g re a te r  fo r  in 
h a led  c ad m iu m , c o m p a re d  w ith  in g ested  
cad m iu m , p ro v id ed  th e  p a r tic le  size is su f 
fic ien tly  sm all. In  th e  p re se n t p a p e r , th e  
p rim ary  c o n c e rn  w ill be  w ith  d ie ta ry  cad 
m ium .

T h e  J o in t  F A O /W H O  E x p e r t  C o m 
m itte e  o n  F o o d  A d d itiv e s  (1 9 7 2 )  has re 
c e n tly  p u b lish ed  “ p ro v is io n a l to le ra b le  
w eek ly  in ta k e  fo r  m a n ”  o f  th re e  to x ic  
m eta ls , in c lu d in g  cad m iu m . T h e  va lues,

w h ich  are  e x p re ssed  o n  a w eek ly  basis 
b ecau se  o f  th e  lo n g  b io lo g ica l ha lf-life  c f  
c ad m iu m , are  4 0 0 —5 0 0  p ig /p e rso n /w eek  
an d  6 .7 —8.3 pig/kg b o d y  w e ig h t/w e ek . 
E x p ressed  o n  a d a ily  basis th e  c o rre 
sp o n d in g  v a lu es a re  5 7 —71 pig a n d  1 — 1.2 
pig, re sp ec tiv e ly .

T h e  c o n c e n tra t io n s  o f  cad m iu m  in 
fo o d s  b y  tw e lv e  c lasses have b e en  d e te r 
m in e d  b y  th e  F o o d  & D rug  A dm in istra -. 
t io n  fo r  several y ea rs . F o o d s  w ere  co l
le c te d  in  five g eo g rap h ic  a reas o f  th e  U .S ., 
c o o k e d  b y  a d ie t i t ia n  a c c o rd in g  to  loca l 
c u s to m  a n d  a ssay ed  b y  fo o d  class c o m 
p o s ite . F o r  sam p le s c o lle c te d  b e tw e e n  
Ju n e , 196 8  an d  A p ril, 1 9 7 0 , th e  c o n c e n 
t ra t io n s  in  m o s t fo o d s  ran g ed  b e tw e e n  
0.01 a n d  0 .0 3  pig/g (C o rn e liu ssen , 1 9 7 2 ). 
C ad m iu m  c o u ld  n o t  be  d e te c te d  in  m an y  
sam ples. T h e  h ig h es t c o n c e n tra t io n s  fo r  
in d iv id u a l c o m p o s ite s , 0 .0 8  a n d  0 .0 7  
pig/g, o c c u rre d  in  p o ta to e s  a n d  le a fy  vege
tab le s , re sp ec tiv e ly .

A n  e s tim a te  o f  to ta l  d a ily  in ta k e  was 
c a lc u la te d  fro m  th e  c o n c e n tra t io n s  fo u n d  
in th e  fo o d  classes (D u g g an  an d  C o rn e 
liu ssen , 1 9 7 2 ). G ra in s a n d  ce re a ls  c o n tr ib 
u te d  th e  la rg est a m o u n t  o f  c a d m iu m , 14 
pig. In te rm e d ia te  a m o u n ts  o f  c ad m iu m ,

4 - 7  pig, w ere  c o n tr ib u te d  by  d a iry  p ro 
d u c ts ;  m e a t, fish  a n d  p o u l try ;  p o ta to e s ;  
lea fy  v e g e tab le s ; f ru i ts ;  a n d  beverages. 
O nly  1 o r  2 pig o f  c a d m iu m  w ere  c o n tr ib 
u te d  b y  leg u m e  v e g e tab le s ; ro o t  vege
ta b le s ;  g a rd en  f ru i ts ;  oils, f a ts  a n d  s h o r t 
e n in g ; an d  su g ars  an d  a d ju n c ts .

A few  sp ec ific  fo o d s  hav e  lo n g  b een  
k n o w n  to  c o n ta in  a m o u n ts  o f  cad m iu m  
th a t  a re  h ig h e r  th a n  th e  a b o v e  va lues. 
T hese  in c lu d e  o y s te rs , c lam s, liver an d  
k id n e y . T h e  o n ly  o n e  o f  th e s e  fo o d s  in 
c lu d e d  in  th e  d ie t  c o m p o s ite s  s tu d ie d  b y  
F D A  w as liver.

DISCUSSION

C o m p ara tiv e  re sp o n se s  b e tw e e n  
m a n  a n d  e x p e r im e n ta l  an im als

S o m e o f  th e  c o m p lic a tio n s  e n c o u n t 
e re d  in  d e sig n in g  a p p ro p r ia te  a n im a l m o d 
els fo r  to x ic i ty  d a ta  p e r t in e n t  to  m an  are  
su m m a riz e d  in  T ab le  1. C o m p ariso n s  o f  
fo o d  in ta k e  are  c a lcu la te d  o n  th e  basis 
o f  a d ry  fib e r-fre e  d ie t ,  w h ic h  is ty p ic a l o f  
e x p e r im e n ta l  d ie ts . T h e  d ie ta ry  in ta k e  fo r  
th e  a d u lt  r a t  p e r  u n i t  b o d y  w e ig h t is a p 
p ro x im a te ly  six  tim e s  th a t  o f  m an  (S u b 
c o m m itte e  o n  L a b o ra to ry  A n im al N u tri-

Table 1—Comparisons between man and the rat; considerations per
tinent to interpretation of cadmium toxicity data

Rat Man

Food intake, g dry fiber-free 
diet/kg body wt/day 

(adult)
Cd intake

50a 8.5

pg/day - 50
pg/kg diets,b 14 83

Toxicity, pg/kg diet 5,000 + -
Biological half-life, yr. — 16-33

a 100g fo r  the  young  g row ing  ra t
^ T o  supp ly the  same a m o u n t o f  c a d m iu m /u n it  body w e ig h t fo r  each 

species
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t io n , 1 9 7 2 ; F o o d  ar.d  N u tr i t io n  B o a rd ,
1 9 6 8 ). F o r  th e  y o u n g  g ro w in g  ra t  th e  
d iffe re n c e  is a l it t le  m o re  th a n  te n fo ld .  In  
g en era l, y o u n g  g ro w in g  an im a ls  a re  m o st 
sen sitiv e  to  to x ic  m a te ria ls  a n d  are u sed  
fo r  e x p e r im e n ta l  p u rp o se s .

As n o te d  a b o v e , th e  da ily  cad m iu m  
in ta k e  fo r  m an  is a b o u t  50  jug, o r  83 
jug/kg o f  d ry  fib e r-fre e  d ie t. A c o rre 
sp o n d in g  d ie ta ry  c a d m iu m  c o n c e n tra t io n  
fo r  th e  r a t ,  w h ic h  w o u ld  give th e  sam e 
c a d m iu m  in ta k e  p e r  u n i t  b o d y  w e ig h t, is 
14 jug/kg o f  d ie t. T h is  is a  level th a t  m ig h t 
p ro d u c e  n o  d e te c ta b le  adverse  e f fe c ts  an d  
c o u ld  o n ly  be  s tu d ie d  fro m  th e  s ta n d 
p o in t  o f  cad m iu m  a c c u m u la tio n  th ro u g h  
th e  use o f  ra d io a c tiv e  c a d m iu m . T hese  
c a lcu la tio n s  ig n o re  b a c k g ro u n d  c ad m iu m  
c o n ta m in a tio n  in  th e  p u r if ie d  ra t  d ie t.

I t  is o b v io u s , th e re fo re ,  th a t  in  o rd e r  
to  s tu d y  ad v erse  e f fe c ts  o f  c a d m iu m  in  
e x p e r im e n ta l  an im a ls  a n d  p ro d u c e  m eas
u ra b le  re sp o n se s  in a re a so n a b le  p e r io d  o f  
t im e , m u c h  h ig h e r levels o f  cad m iu m  
m u st be u sed . In  g en era l 5 m g cad- 
m iu m /k g  d ie t  is th e  lo w e s t leve l o f  cad 
m iu m  th a t  w ill p ro d u c e  adverse  p h y s io 
log ica l e f fe c ts . T h is  :s o v er f i f ty  tim es 
m o re  th a n  th e  ty p ic a l d ie ta ry  c o n c e n tra 
t io n  o f  c a d m iu m  fo r  m an . M u ch  h ig h er 
levels o f  c a d m iu m  are f re q u e n tly  u sed  in 
to x ic i ty  s tu d ie s .

T h e  tu rn o v e r  o f  c a d m iu m  in  e x p e r i
m e n ta l an im a ls  is very  s lo w  (C o tz ia s  e t 
a l., 1 9 6 1 ). T h e  b io lo g ica l ha lf-life  o f  c ad 
m iu m  in  m an  is still c o n tro v e rs ia l. E s ti
m a te s  g en era lly  range  b e tw e e n  16 —33 
y ears (see rev iew  o f  F r ib e rg  e t  a l., 1 9 7 3 , 
p . 50 ).

M a n ife s ta tio n s  o f  c a d m iu m  to x ic ity
W hen y o u n g  e x p e r im e n ta l  a n im a ls  r e 

ceive 5 —10 m g c a d m iu m /k g  o f  d ie t  o r 
h ig h er levels, th e  fo llo w in g  m o st n o ta b le  
ch an g es fro m  n o rm a l ty p ic a lly  o c cu r: 
s lig h tly  d e p re ssed  g ro w th  r a te ,  a n em ia , 
p o o r  b o n e  m in e ra l iz a t io n , h y p e r te n s io n  
a n d  re n a l tu b u la r  d am ag e. T h e  la t te r  tw o  
ch an g es re q u ire  lo n g e r p e rio d s  o f  tim e  to  
d e v e lo p . In  g e n e ra l, large  d o ses o f  cad 
m iu m  p ro d u c e  m o re  ra p id  an d  m o re  se 
vere re sp o n ses .

K n o w led g e  o f  h igh-level e x p o su re  in 
m an  c o m e s fro m  o c c u p a tio n a l  h e a lth  
s tu d ie s  o f  w o rk m e n  e x p o se d  to  cad m iu m  
a n d  fro m  areas a ffe c te d  b y  riv er w a te r  
c o n ta m in a tio n  fro m  m ines in J a p a n . In 
th e  case o f  th e  w o rk e rs , in ta k e  was p r i
m arily  th ro u g h  in h a le d  d u s t  o r  fu m es . 
T h e  Ja p a n ese  w ere  e x p o se d  via d r in k in g  
w a te r  a n d  fo o d s , su c h  as rice  a n d  so y 
b ean s , th a t  a c q u ire d  cad m iu m  fro m  c o n 
ta m in a te d  ir r ig a tio n  w a te r . T h e  r e p o r ts  o f 
th ese  e x p o su re s  have b e en  su m m a riz e d  by  
F rib e rg  e t  a l. (1 9 7 1 ;  1 9 7 3 ).

C h a ra c te r is tic  ch an g es in  th e  w o rk e rs  
in c lu d e  d ep ressed  a p p e t i te ,  an o sm ia , 
an em ia  a n d  re n a l tu b u la r  d am ag e. In J a 
p a n  m a n y  o f  th e  p e o p le  e x p o se d  to  c ad 
m iu m  d e v e lo p ed  re n a l tu b u la r  dam age

Table 2—Relationships between cadmium 
and essential nutrients

Dietary intake 
of individual nutrients

Nutrient Normal3 Deficiency15 Excess0

Zinc + + +
Iron + + + <Fe2+)
Manganese + ? ?
Copper + + +
Selenium + ? +
Calcium + + ?
Ascorbic acid ? ? +
Vitamin D ? + ?
Protein ? + +

C adm ium  a ffec ts  m etab o lism  a n d /o r fu n c 
t io n  o f  th e  n u tr ie n t;  ? N o  re la tio n sh ip  has 
been established.

t>+ A  d e fic iency o f  th e  n u tr ie n t  increases the  
se verity  o f cad m ium  to x ic ity .

°+ A n  excess o f  th e  n u tr ie n t decreases th e  to x 
ic ity  o f  cadm ium .

an d  a sso c ia ted  h y p e rc a lc u r ia , g ly co su ria , 
p ro te in u r ia  a n d  a m in o  a c id u ria . T h o se  
e x p o se d  to  h ig h er levels o f  c a d m iu m  de
v e lo p ed  a v e ry  p a in fu l sy n d ro m e  called  
“ Ita i- I ta i B y o ”  o r  O u c h -O u c h  d isease. 
B one d e m in e ra liz a tio n  w as severe  and  
d e a th  so m e tim e s  re su lte d . T h e  disease  
o c c u rre d  in  a su sce p tib le  p o p u la t io n  class, 
m u lt ip a ro u s  p o s t-m e n o p a u sa l w o m e n , 
w h o  w ere  th o u g h t  to  be  d e f ic ie n t in  v ita 
m in  D a n d  c a lc iu m . S c h ro e d e r  (1 9 6 4 ;  
1 9 6 5 ; 1 9 6 7 ) has p o s tu la te d  a causal re 
la tio n sh ip  b e tw e e n  c a d m iu m  a n d  h y p e r 
te n s io n  in  m an . A n u n u su a lly  h ig h  in c i
d en ce  o f  h y p e r te n s io n  in  c ad m iu m -ex - 
p o sed  h u m a n  be ings h as n o t  b e en  o b 
served .

C ad m iu m  an d  essen tia l 
n u tr ie n t  in te ra c t io n s

T ab le  2 p re se n ts  a s im p lif ied  sch em e 
fo r  th e  re la tio n sh ip s  th a t  have b een  o b 
served  b e tw e e n  cad m iu m  a n d  so m e e sse n 
tia l  n u tr ie n ts ,  in c lu d in g  m in e ra ls . A c o m 
p reh en siv e  t r e a tm e n t  in  th is  a rea  is fa r 
b e y o n d  th e  sco p e  o f  th is  rev iew .

T h e  re la tio n sh ip s  a re  c o n s id e re d  fro m  
th re e  p o in ts  o f  v iew  w ith  re sp e c t to  th e  
re q u ire d  n u tr ie n ts .  T h e  f irs t is w h e th e r  o r 
n o t  c a d m iu m  a ffe c ts  th e  m e ta b o lism  
a n d /o r  fu n c tio n  o f  th e  re q u ire d  n u tr ie n t  
u n d e r  “ n o rm a l” c o n d itio n s  o f  d ie ta ry  in 
ta k e . “ N o rm a l”  is u sed  in  a v e ry  im p re 
cise w ay . Id e a lly  i t  sh o u ld  re fe r  to  e x p e r i
m e n ts  in  w h ic h  e ac h  re q u ire d  n u tr ie n t  
w as p re se n t a t  e x a c tly  o r  o n ly  slig h tly  
above  th e  re q u ire m e n t level fo r  th e  p a r
t ic u la r  sp ec ie s . R a th e r ,  th e  s tu d ie s  w ere  
c a rried  o u t  w ith  v a rio u s  a d e q u a te  p u rif ie d  
an d  s to c k  d ie ts  w h ic h  h ad  v a ry in g  levels 
o f  n u tr ie n ts .  A q u e s tio n  m a rk  in d ic a te s  
a m b ig u o u s  f in d in g s  o r  lack  o f  s tu d ie s . 
W ith o u t e x c e p tio n , th e  d a ta  fo r  th is  tab le  
w ere  o b ta in e d  fro m  s tu d ie s  in v o lv in g  th e

to x ic  e f fe c ts  o f  levels o f  c a d m iu m  in  e x 
cess o f  th e  average  m a n ’s d a ily  in ta k e .

We have re c e n tly  s tu d ie d  th e  e f fe c t  o f  
d ie ta ry  c a d m iu m  o n  w h o le  b o d y  r e te n 
t io n  o f  severa l m in e ra l e le m e n ts  in  y o u n g  
Ja p a n e se  q u a il ( J a c o b s  e t  a l. ,  1 9 7 2 ). 
W hole b o d y  an a ly se s  fo r  z in c , i r o n ,  c o p 
per, m an g an ese  a n d  c a lc iu m  w ere  ca rried  
o u t  a t  7 a n d  14 d ay s  o f  age. W hen  c o m 
p a red  w ith  th e  c o n tro l  g ro u p , th e  b ird s  
fed  75  m g c a d m iu m /k g  d ie t  r e ta in e d  sig
n if ic a n tly  less o f  e a c h  o f  th e  a b o v e  m in e r 
al e le m e n ts  th a n  th e y  h a d  c o n su m e d  
d u rin g  th e  7 -d ay  p e r io d . W ith  a n  in ta k e  
o f  10 m g c a d m iu m /k g , o n ly  i r o n ,  z in c  
a n d  ca lc iu m  w ere  d e c re a se d . B ased  e i th e r  
on  tis su e  a n a ly s is  o r  p h y s io lo g ic a l r e 
sp o n ses  u n d e r  c o n d it io n s  k n o w n  to  be  
a sso c ia ted  w ith  sp e c if ic  m in e ra l fu n c 
t io n s ,  n u m e ro u s  w o rk e rs  have  r e p o r te d  
c a d m iu m  a n ta g o n ism s  o f  z in c , i ro n  a n d  
c o p p e r . S o m e o f  th e  m o re  d e ta i le d  in v es
t ig a tio n s  w ere  c o n d u c te d  b y  H ill e t  al.
(1 9 6 3 ) ;  B u n n  a n d  M a tro n e  (1 9 6 6 ) ;  
Ja c o b s  e t al. (1 9 6 9 ) ;  B anis e t  al. (1 9 6 9 ) ;  
F o x  e t  a l. (1 9 7 1 ) ;  P o n d  a n d  W alker
(1 9 7 2 ) ;  a n d  M ills a n d  D a lg arn o  (1 9 7 2 ) .

E v id en ce  th a t  in je c tio n s  o f  c a d m iu m  
can  a f fe c t  th e  m e ta b o lism  o f  in je c te d  se 
len iu m -7 5  have  b e en  re p o r te d  b y  G a n th e r  
an d  B au m an  (1 9 6 2 )  a n d  M cC o n n e ll a n d  
C a rp e n te r  (1 9 7 1 ) .

A sco rb ic  acid  has n o t  b e en  s tu d ie d  
e x te n s iv e ly  w ith  re sp e c t to  c a d m iu m  a n d  
n o t  a t  all in  a sp ec ie s  th a t  re q u ire s  an  
e x o g en o u s  so u rc e  o f  th e  v ita m in . In 
y o u n g  Ja p a n e se  q u a il  fed  75  m g c ad 
m iu m /k g  o f  d ie t  th e re  was n o  e f fe c t  o f  
cad m iu m  u p o n  th e  c o n c e n tr a t io n  o f  a- 
sc o rb ic  acid  in  th e  liver e i th e r  w ith  o r  
w i th o u t  s u p p le m e n ta l  d ie ta ry  a sc o rb ic  
acid  ( F o x  e t  a l., 1 9 7 1 ). B e ren sh te in  e t  al
(1 9 5 4 )  r e p o rte d  th a t  d a ily  s u b c u ta n e o u s  
in je c tio n  in to  ra b b its  o f  1—2 m g c a d 
m iu m  c au sed , a f te r  1 m o n th ,  a c o n s id e r
ab le  lo w e rin g  o f  a sc o rb ic  ac id  in  m u sc le , 
liver, sp le e n , k id n e y , su p ra re n a ls , lungs, 
c e re b ru m , c e re b e llu m  a n d  ey es . T o  e s ta b 
lish re la tio n s h ip s  im p o r ta n t  fo r  m an . 
s tu d ie s  a re  n e e d e d  in  a sp ec ie s  th a t  re 
q u ire s  a d ie ta ry  so u rc e  o f  th e  v ita m in .

T h e  se c o n d  a sp e c t o f  c a d m iu m -n u tr i
e n t  re la tio n s h ip s  p re se n te d  in  T ab le  2 
c o n c e rn s  th e  e f fe c ts  o f  c a d m iu m  in  an i
m als rece iv in g  a d e f ic ie n t in ta k e  o f  an  es
se n tia l n u t r ie n t .  T h is  is an  a rea  in  w h ich  
less w o rk  has b een  d o n e  b u t  o n e  th a t  m ay  
be p a r tic u la r ly  im p o r ta n t  fo r  m an .

B ecause o f  s im ila ritie s  in  ch em ica l 
re a c tiv ity , z in c  a n d  c a d m iu m  have b een  
s tu d ie d  e x te n s iv e ly  in  a  w id e  ran g e  o f  
m o d e l sy s te m s, f ro m  th e  m o le c u la r  to  th e  
w h o le  a n im a l leve l. S u p p le e  (1 9 6 1 )  
sh o w ed  th a t  c a d m iu m  g re a tly  in te n s if ie d  
sy m p to m s  o f  z in c  d e f ic ie n c y  in  tu rk e y  
p o u lts  a n d  th a t  h ig h e r  levels o f  z in c  in  
excess  o f  th e  r e q u ir e m e n t  d e c re a sed  th e  
ad v erse  e f fe c ts  o f  c a d m iu m . T h is  m u tu a l  
a n ta g o n ism  b e tw e e n  c a d m iu m  a n d  z in c  
has since  b e e n  o b se rv e d  re p e a te d ly  u n d e r
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a g rea t v a r ie ty  o f  c o n d it io n s , in c lu d in g  
th e  re c e n t  s tu d ie s  o f  P e te r in g  e t  al.
(1 9 7 1 ) .

Several s tu d ie s  have b een  c a rr ied  o u t  
w ith  va rio u s c o m b in a tio n s  o f  d e f ic ie n t 
levels o f  z in c , iro n  a n d  c o p p e r  in  c o m b i
n a tio n  w ith  su p p le m e n ts  o f  th e  e le m e n ts  
a lo n e  a n d  in  c o m b in a tio n  w ith  cad m iu m  
(H ill e t  a l., 1 9 6 3 ; B u n n  a n d  M a tro n e , 
1 9 6 6 ; B anis e t a l., 1 9 6 9 ). In  g en era l, d e fi
c ien c ies  o f  e a c h  o f  th ese  th re e  e le m e n ts  
e n h a n c e d  th e  ad v erse  re sp o n se  to  c ad 
m iu m , a n d  su p p le m e n ts  o f  th e  e le m e n ts  
h ad  so m e p ro te c tiv e  e f fe c t  ag a in s t c ad 
m iu m .

K o b a y ash i e t  al. (1 9 7 1 )  fed  c ad m iu m - 
p o llu te d  rice  in  lo w  a n d  n o rm a l calc iu m  
d ie ts . A c c u m u la tio n  o f  c a d m iu m  in  th e  
liver an d  k id n e y s  o f  m ice  rece iv in g  th e  
lo w  calc iu m  d ie t  w as m u c h  h ig h er th a n  in 
m ice  rece iv in g  a d e q u a te  c a lc iu m . A  d e fi
c ien cy  o f  c a lc iu m  has b e e n  sh o w n  to  re 
su lt  in  in c re a sed  c o n c e n tr a t io n s  o f  c ad 
m iu m  in  th e  re n a l c o r te x  a n d  liver 
(L arsso n  a n d  P isc a to r , 1 9 7 1 ). A f te r  2 
m o n th s , d ec reased  b o n e  m in e ra liz a tio n  
was o b se rv ed  o n ly  in  ra ts  rece iv in g  th e  
lo w  ca lc iu m  d ie t  a n d  25  m g c a d m iu m / 
l ite r  d r in k in g  w a te r .

I t  is th o u g h t  th a t  th e  Ja p a n e se  w o m e n  
w h o  d e v e lo p ed  I ta i- I ta i  d isease  w ere  d e f i
c ie n t in v ita m in  D . T h e  e f fe c t  o f  v ita m in  
D u p o n  c a d m iu m -1 1 5  a c c u m u la tio n  in  
b o n e  w as s tu d ie d  in  ra c h itic  ch ick s 
(W o rk e r a n d  M ig icovsky , 1 9 6 1 ). T re a t
m e n t w ith  th e  v ita m in  in c re a sed  cad m iu m  
u p ta k e  by  th e  tib ia . In  n o rm a l ch ick s 
:h e re  w as n o  e f fe c t  o f  su p p le m e n ta l  v ita 
m in  D.

T h e  sh o r t- te rm  e f fe c ts  o f  lo w  p ro te in  
in ta k e  w ere  r e p o r te d  b y  S u z u k i e t  al.
(1 9 6 9 ). T h ey  gave m ice  a lo w  o r  a h igh 
p ro te in  d ie t  fo r  2 4  h r  b e fo re  a n d  a f te r  an  
oral dose  o f  11 s C d C l2 . W ith  th e  low  p ro 
te in  d ie t  th e re  w as a g re a te r  u p ta k e  o f  
cad m iu m -1 1 5  b y  th e  w h o le  b o d y , th e  
liver an d  th e  k id n ey s .

T h e  e f fe c ts  o f  ex cess  a m o u n ts  o f  n u t r i 
e n ts  u p o n  c ad m iu m  to x ic i ty  have b een  
in v es tig a te d  b y  m a n y  w o rk e rs . I t  has n o t  
a lw ay s b een  p o ss ib le  to  c o m p a re  th e  
e ffe c t o f  ex cess  ag a in st re q u ire m e n t level 
o f  th e  n u tr ie n t .

S o m e o f  th e  m o s t ex te n s iv e  in v es tig a 
tio n s  o f  c a d m iu m -n u tr ie n t  in te ra c t io n s  
have b e en  s tu d ie d  in  re la tio n  to  th e  a c u te  
e f fe c ts  o f  in je c tin g  large  do ses o f  c ad 
m iu m . I t  has  b e en  sh o w n  th a t  p ro te c t io n  
ag a in st te s tic u la r  n e c ro sis  can  be p ro v id ed  
by  z in c  (P a riz e k , 1 9 5 7 , 1 9 6 0 ; M ason  e t 
a l., 1 9 6 4 ), se len iu m  (K a r  an d  K a m b o j, 
1965 ; M ason e t  a l., 1 9 6 4 ) a n d  c o b a lt  (K a r  
an d  K a m b o j, 1 9 6 5 ). S e len iu m  also  
a ffo rd s  p ro te c t io n  ag a in st o th e r  a cu te  
e ffec ts  o f  in je c te d  c a d m iu m . T h ese  in 
c lu d e  h e m o rrh a g e  a n d  n e c ro s is  o f  th e  ova
ry  in  ra ts  in  p e rs is te n t e s tru s  (P a r iz e k  e t  
a l., 1 9 6 8 c ), p lac en ta l d am age an d  to x e -  
m ia -lik e  sy n d ro m e  in  p re g n a n t ra ts  
(P a r iz e k  e t  a l., 1 9 6 8 b ), dam age to  th e  lac-

ta t in g  m a m m a ry  g lan d  (P a riz e k  e t  a l.,
1 9 6 9 ) a n d  su rv iva l a f te r  to x ic  doses c f  
c a d m iu m  (P a riz e k  e t  a l., 1 9 6 8 a , b ;  G u n n  
e t a l., 1 9 6 8 ).

T h e  p e r tin e n c e  o f  th e  a b o v e  fin d in g s 
to  lo n g e r- te rm  to x ic i ty  e f fe c ts  o f  c ad 
m iu m  re m a in s  to  be  e s ta b lish e d . T h e  
e f fe c t o f  sev era l m in e ra l e le m e n ts  u p o n  
g ro w th  d e p re ss io n  a n d  h e m a to c r i t  was 
in v es tig a te d  in  y o u n g  Ja p a n ese  q u a il fed  
75  m g c a d m iu m /k g  d ie t  ( F o x  e t  a l.,
1 9 7 1 ). M arg inal b e n e fic ia l e f fe c ts  o n  a n e 
m ia  w ere  r e p o r te d  fo r  z in c  a n d  c o p p e r . 
C h ro m iu m , c o b a lt ,  n ic k e l, se len iu m  an d  
m o ly b d e n u m  h a d  n o  e ffe c ts . B enefic ia l 
e f fe c ts  o f  excess  levels o f  z in c , iro n  an d  
c o p p e r  m ay  be fo u n d  in  th e  re fe re n ce s  
c ite d  ab o v e  in  re la tio n  to  c a d m iu m  a n d  
d ie ts  c o n ta in in g  n o rm a l a n d  d e f ic ie n t 
levels o f  z in c , i ro n  a n d  c o p p e r .

A n  im p o r ta n t  a sp e c t o f  th e  cad m iu m - 
iro n  a n ta g o n ism  re la te d  to  th e  g re a te r  
a n ta g o n ism  o f  iro n  ( I I I ) ,  su p p lied  by  
fe rr ic  c itra te ,  c o m p a re d  w ith  iro n  ( I I ) ,  as 
fe rro u s  su lfa te  (F o x  e t  a l., 1 9 7 1 ). In q u a il 
fed  75  m g c a d m iu m /k g  d ie t ,  3 0  m g iro n
( I I ) /k g  d ie t  w as b e n e fic ia l, w h e reas  ICO 
m g i ro n  ( I I )  a lm o s t c o m p le te ly  p re v e n te d  
a n em ia  a n d  g ro w th  d e p re ss io n  d u e  to  c ad 
m iu m . 3 0 0  m g o f  i ro n  ( I I I )  h a d  n o  e f fe c t 
o n  a n em ia  a n d  a sm all e f fe c t  o n  g ro w th . 
T h is  d iffe re n c e  varies g re a tly  f ro m  th e  
re q u ire m e n t o f  iro n  ( I I )  a n d  iro n  ( I I I )  fo r  
h e m a to p io e s is  a n d  g ro w th  o f  th e  q u a d . 
I ro n  ( I I )  o f  fe rro u s  s u lfa te  is u tiliz e d  
a b o u t  1 .5 - 2  tim e s  m o re  e f f ic ie n tly  th an  
iro n  ( I I I )  o f  fe rr ic  c itra te ,  d e p e n d in g  on  
level o f  in ta k e  (H a rla n d  e t  a l., 1 9 7 3 ).

A sco rb ic  ac id  has b e en  sh o w n  to  be 
m a rk e d ly  e ffe c tiv e  in  p re v e n tin g  th e  an e 
m ia , g ro w th  d e p re ss io n  a n d  p a th o lo g y  
cau sed  by  a h ig h  level o f  d ie ta ry  c ad 
m iu m , 75  m g /k g , in  q u a il ( F o x  a n d  F ry ,  
1 9 7 0 ; F o x  e t  a l., 1 9 7 1 ; R ic h a rd so n  a n d  
F o x , 1 9 7 2 ). T h e  p r im a ry  e f fe c t  o f  a sco r
b ic  ac id  a p p e a rs  to  be  an  in c rease  in  th e  
u til iz a tio n  o f  i ro n  ( I I )  in  cad m iu m -fe d  
b ird s ; h o w e v e r , so m e  a sp e c ts  o f  th e  p a 
th o lo g ic a l ch an g es re sp o n siv e  to  a sc o rb ic  
acid  a p p e a r  to  b e  u n re la te d  to  e ith e r  iro n  
o r  z in c  (R ic h a rd so n  a n d  F o x ,  u n p u b 
lish ed  d a ta ) .

T h e  ty p e  o f  d ie ta ry  p ro te in  m ark e d ly  
a lte rs  th e  to x ic i ty  o f  c a d m iu m  in  y o u n g  
Ja p a n e se  q u a il ( F o x  e t  a l., 1 9 7 3 ). W hen 
c o m p a re d  w ith  b ird s  fed  casein -g ela tin  o r  
so y b e a n  p ro te in ,  b ird s  fe d  d ried  egg w h ite  
sh o w ed  m a rk e d ly  less adverse  e f fe c ts  on  
g ro w th , h e m a to c r i t  a n d  tis su e  c o n c e n tra 
tio n s  o f  z in c  a n d  iro n  w h e n  th e  d ie t  c o n 
ta in e d  75 m g c a d m iu m /k g .

M ech an ism s o f  c ad m iu m -m in e ra l 
a n ta g o n ism s

T h e  b io c h e m ic a l e f fe c ts  o f  cad m iu m  
have re c e n tly  b e en  rev iew ed  by  V allee  
a n d  U lm er (1 9 7 2 ) .  T h re e  g e n e ra l e x p la n a 
tio n s  o f  th e  ad v erse  e f fe c ts  o f  d ie ta ry  c ad 
m iu m  are p o ss ib le , p a r tic u la r ly  w ith  re 
gard  to  a n ta g o n ism  o f  e sse n tia l m in e ra ls .

C a d m iu m  m ay  re p la ce  z in c  o r  so m e  m e ta l 
in  an  e n z y m e  o r  a t  so m e  o th e r  s ite  an d  
in te r fe re  w ith  a sp ec if ic  m e ta b o lic  re ac 
t io n . C a d m iu m  m ay  d isp lace  an  e sse n tia l 
e le m e n t o r  th e  c a rrie r  o f  an  e sse n tia l e le 
m e n t in  a t r a n s p o r t  sy s te m , th u s  d is ru p t
in g  su c h  p ro cesses  as in te s t in a l  a b so rp 
t io n , t r a n s p o r t  a n d  s to ra g e  w ith in  th e  
b o d y  a n d  e x c re tio n . D a ta  f ro m  n u m e ro u s  
s tu d ie s  suggest th a t  a b so rp tio n  is a c ritica l 
p o in t  in  m a n y  c a d m iu m -m in e ra l a n ta g o 
n ism s. S o m e  o f  th e  p ro b le m s m ay  be re 
la te d  to  in te s t in a l  e n te r o p a th y ,  w h ic h  was 
o b se rv ed  in  p a tie n ts  w ith  I ta i- I ta i  disease 
(M u ra ta  e t  a l., 1 9 6 9 ) a n d  in  cad m iu m -fe d  
an im als  (W ilson  e t  a l., 1 9 4 1 ; Y o sh ik aw a  
e t  a l., 1 9 6 0 ; R ic h a rd so n  a n d  F o x ,  1 9 7 2 ; 
S to w e  e t  a l., 1 9 7 2 ).

B io log ical e f fe c ts  o f  c a d m iu m  
in c o rp o ra te d  in to  fo o d

T h e  m a jo r i ty  o f  s tu d ie s  o n  cad m iu m  
to x ic i ty  inv o lv e  in o rg a n ic  sa lts  o f  cad 
m iu m , u su a lly  a d m in is te re d  b y  in je c tio n . 
A lesse r n u m b e r  inv o lv e  a d m in is tra t io n  o f  
in o rg a n ic  c a d m iu m  in  th e  d r in k in g  w a te r  
o r  in  th e  d ie t. V e ry  few  s tu d ie s  have  b een  
m ad e  in  w h ic h  c a d m iu m  w as fe d  in  a 
f o o d s tu f f  o f  b io lo g ic a l o rig in .

We have c o m p a re d  th e  e f fe c ts  o f  c ad 
m iu m  in c o rp o ra te d  in to  o y s te rs  w ith  
th o se  o f  c a d m iu m  c h lo r id e  in  y o u n g  
J a p a n e se  q u a il ( F o x  e t  a l., 1 9 7 2 ; an d  u n 
p u b lish ed  d a ta ) .  F o r  th is  w o rk  o y s te rs  
w ere  m a in ta in e d  in  fiberg lass  ta n k s . T h ey  
w ere  e x p o se d  to  sea  w a te r  a lo n e  o r  sea 
w a te r  c o n ta in in g  c a d m iu m  a d d e d  to  a 
level o f  0 .1  /ig /m l f ro m  c ad m iu m  c h lo 
r id e . A f te r  2 w k  th e  o y s te rs  rece iv in g  cad 
m iu m  began  to  sh o w  signs o f  d ec reased  
p u m p in g  a c t io n . T h ey  w ere  h a rv e s te d , 
a n d  th e  c o n c e n tra t io n  o f  cad m iu m  in  th e  
tissu e  w as 6 0  irg /g . C o n c e n tra t io n s  o f  
i ro n , z in c , m an g an ese  a n d  c o p p e r  w ere  
s im ila r in th e  h ig h  c a d m iu m  a n d  c o n tro l  
o y s te rs . T h e  o y s te rs  w ere  h o m o g e n iz e d , 
free z e -d ried  a n d  in c o rp o ra te d  in to  p u ri
fied  d ie ts  fo r  fe ed in g  to  Ja p a n e se  q u a il.

B ecause  o f  a ll th e  c a d m iu m -n u tr ie n t  
re la tio n s h ip s  d e sc rib e d  a b o v e , th e  to ta l  
c o n c e n tra t io n s  o f  p ro te in ,  z in c , m an g a 
n ese ,- i ro n , c o p p e r ,  c a lc iu m  a n d  m ag n e 
siu m  w ere  m a in ta in e d  a t c o n s ta n t  levels. 
T h e  h ig h -ca d m iu m  o y s te rs  w ere  in c o r 
p o ra te d  a t  levels to  su p p ly  e i th e r  5 o r  10 
m g c a d m iu m /k g  d ie t .  T h e  lo w -c ad m iu m  
o y s te rs  w ere  fe d  a t  th e  sam e  leve ls, w ith  
an d  w ith o u t  c a d m iu m  c h lo r id e .

W ith  10 m g c a d m iu m /k g  d ie t ,  th e  
o y s te rs  su p p lie d  2 5 8  m g z in c  a n d  8 m g 
c o p p e r /k g  d ie t .  T h is , p lu s  th e  z in c  an d  
c o p p e r  p re se n t  in  th e  p u r if ie d  so y b e a n  
p ro te in  u sed  in  th e  d ie ts , su p p lie d  z in c  
a n d  c o p p e r  a t levels a p p ro x im a te ly  n in e  
a n d  th re e  tim e s  th e  q u a il’s r e q u ire m e n t ,  
re sp ec tiv e ly . By m o s t p a ra m e te rs  in  a 
2 -w k  p e r io d , th e re  w as l it t le  d iffe re n ce  
b e tw e e n  c a d m iu m  su p p lie d  b y  th e  o y s te rs  
a n d  th a t  by  c ad m iu m  c h lo r id e , a t th e  
sam e levels o f  e sse n tia l m in e ra l in ta k e .
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S u b s e q u e n t  s tu d ie s  (u n p u b lis h e d  d a ta )  
have  sh o w n  th a t  w ith  z in c , c o p p e r  a n d  
m an g an ese  a t  th e  r e q u ire m e n t leve l, sig n i
f ic a n tly  m o re  c a d m iu m  a c c u m u la te d  in 
th e  k id n e y  th a n  w h e n  h ig h e r levels o f  
th e se  e le m e n ts  w ere  p re se n t  in  th e  d ie t.

T h is  b r ie f ly  i llu s tra te s  so m e  o f  th e  
c o m p lic a tio n s  th a t  arise  w h en  o n e  
a t te m p ts  to  ev a lu a te  th e  b io p o te n c y  o f  
c a d m iu m  in  fo o d  m a te ria ls . T h e  to x ic i ty  
o f  th e  cad m iu m  m ig h t be  a f fe c te d  b y  th e  
U gand(s) to  w h ic h  i t  is b o u n d  in  th e  fo o d  
o r  th e  p re sen c e  o f  o th e r  c o m p o n e n ts  in  
th e  fo o d  th a t  can  a lte r  th e  to x ic i ty  o f  
c a d m iu m  b y  so m e  m ean s . C lea rly , a m o re  
sen sitiv e  b io assay  p ro c e d u re  is n e e d e d .

We have m ad e  so m e p ro g ress  in  th is  
d ire c tio n  fro m  o b se rv a tio n  o f  cad m iu m  
c o n c e n tr a t io n  in  th e  q u a il’s d u o d e n a l 
m u co sa  fo llo w in g  very  lo w  levels o f  c ad 
m iu m  in ta k e  (0 .0 7 8  /ig /g  d ie t  an d  h ig h er) . 
C a d m iu m  c o n c e n tra te s  ra p id ly  in th e  
d u o d e n a l  m u c o sa  a t  levels sev era l-fo ld  
g re a te r  th a n  th e  d ie ta ry  c o n c e n tr a t io n . A 
re p ro d u c ib le  lo g -dose  re sp o n se  has b een  
o b ta in e d . T h is  m ay  p ro v e  to  be  a u se fu l 
b io assay ; h o w e v e r , th e  d u o d e n a l c o n c e n 
t ra t io n s  n e e d  to  be  c o rre la te d  w ith  ac 
c u m u la tio n  o f  c a d m iu m  in  th e  liver an d  
k id n e y s , u sin g  c a d m iu m -1 0 9  c h lo rid e  an d  
lab e led  fo o d s . A lso , th e  c o m p a ra tiv e  b io 
p o te n c ie s  n e e d  to  be  d e te rm in e d  in  lo n g 
te rm , low -leve l c a d m iu m  fe ed in g  as ev al
u a te d  by  p h y sio lo g ic a l a n d  h is to lo g ica l 
re sp o n ses .

S ta n d a rd  re fe re n c e  d ie ts
O u r p re se n t k n o w le d g e  sh o w s th a t  th e  

to x ic i ty  o f  c a d m iu m  m ay  v ary  g re a tly  
d e p e n d in g  o n  th e  c o m p o s itio n  o f  th e  d ie t 
in  w h ich  i t  is fed . T h ere  is a n e ed  to  d e 
v e lo p  o n e  o r  m o re  p u r if ie d  re fe re n c e  d ie ts  
fo r  tra c e  e le m e n t s tu d ie s  in  e ac h  c o m 
m o n ly  u sed  an im a l sp ec ies . A t least one  
su c h  d ie t  sh o u ld  c o n ta in  th e  to ta l  a m o u n t 
o f  e a c h  n u t r ie n t  a t th e  re q u ire m e n t level 
(o r  n o  m o re  th a n  10%  ex cess)  as o u r  c u r
re n t  k n o w le d g e  o f  re q u ire m e n ts  p e rm its . 
A v a ilab ility  o f  su c h  d ie ts  c o u ld  p re d ic t
a b ly  reso lve  m an y  o f  th e  seem in g  c o n 
flic ts  th a t  arise  b e tw e e n  la b o ra to r ie s  an d  
in  th e  use o f  d if fe re n t  sp ec ies  o f  an im a ls . 

N e ed e d  in fo rm a tio n  a b o u t  cad m iu m
A d d itio n a l in fo rm a t io n  is n e e d e d  on 

th e  fo llo w in g : (1 )  A c re tio n  ra te  o f  c ad 
m iu m  w ith  d o se , p a r tic u la r ly  as re la te d  to  
th e  age o f  th e  a n im a l a n d  to  cad m iu m  
so u rc e ; (2 )  B io p o te n c y  o f  cad m iu m  in 
fo o d  a n d  o th e r  so u rc e s ; (3 )  F a c to rs  th a t  
can  e i th e r  d ecrease  o r  in c rease  th e  e f fe c ts  
o f  c a d m iu m ; (4 )  S o u rc e s  a n d  a m o u n ts  o f  
c a d m iu m  c o n ta m in a tio n ;  a n d  (5 )  M ore 
p recise  u n d e rs ta n d in g  o f  c a d m iu m  e f 
fec ts .

SUMMARY & CONCLUSIONS

C A D M IU M  IS a  to x ic  e le m e n t th a t  is p o 
te n t ia l ly  d a n g e ro u s  to  m an  un less  e x p o 
su re  is c o n tro l le d .  T h e  to x ic i tv  o f  c ad 

m iu m  m ay  b e  d e c re a sed  o r  in c re a se d  in  
re sp o n se  to  d ie ta ry  in ta k e  o f  so m e  e ssen 
tia l  n u t r ie n ts ,  f ro m  d e f ic ie n t  to  levels 
above  re q u ire m e n ts .  We n e e d  b e tte r  e x 
p e r im e n ta l  m o d e ls  fo r  e v a lu a tin g  th e  
e f fe c ts  o f  c a d m iu m  in  m an .
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COLOR OF ANTHOCYANIN SOLUTIONS EXPRESSED 
IN LIGHTNESS AND CHROM ATICITY TERMS. 

Effect of pH and Type of Anthocyanin

INTRODUCTION

C O L O R  is th e  m a jo r  q u a li ty  th a t  a n th o -  
cy an in s  im p a rt  to  fo o d  a n d  d r in k . C o m 
m o n ly  u se d  as o b jec tiv e  m e a su re m e n ts  o f  
c o lo r  in  a n th o c y a n in  so lu t io n s  a re  th e  
sp ec ific  a b s o rp tio n  b a n d s , e .g ., th e  w ave
le n g th  o f  m a x im u m  a b s o rp tio n  (X m a x ) 
in  th e  5 0 0 —5 3 0  n m  re g io n , th e  a b so rp 
t io n  in  th e  4 0 0 —4 3 0  n m  re g io n  a n d  o th e r  
fo rm s  o f  a b rid g e d  s p e c tro p h o to m e try  
(S u d ra u d , 1 9 5 8 ). H o w ev er, m a n y  in v es ti
g a to rs  have re c o g n iz e d  th a t  tr i-s tim u lu s  
va lues are  p re fe ra b le  w h e n  c o lo r  m u s t be  
re p o r te d  in  te rm s  re le v a n t to  th e  h u m a n  
visual re sp o n se  (O u g h  e t a l., 1 9 6 2 ).

T ri-s tim u lu s  c o lo r im e try  ( J u d d  an d  
W yszeck i, 1 9 6 3 )  can  be  c a rr ied  o u t  by  
a p p ro p ria te  c o n v e rs io n  o f  sp e c tra l  d a ta , 
o r  b y  u se  o f  e q u ip m e n t desig n ed  to  y ie ld  
d irec t tr i- s tim u lu s  v a lues. O n e  su c h  in s t ru 
m e n t is th e  H u n te r la b  C o lo r a n d  C o lo r 
D ifferen ce  M eter (H u n te r  A sso c ia tes  
L a b o ra to ry , F a irfa x , V a .) (H u n te r ,  1 9 5 8 ). 
T h e  s u ita b ility  a n d  a d v an tag e s  o f  th is  in 
s tru m e n t fo r  th e  e v a lu a tio n  a n d  sp e c if ica 
t io n  o f  w in e  c o lo r  have  b e en  re p o r te d  b y  
R o b in so n  e t al. (1 9 6 6 ) .  T h e y  fo u n d  th a t

Fig. 1—The relation between absorbance and 
H unter " L "  values for various anthocyanins. 
Absorbance determined a t  X max in the 5 0 0 — 
5 3 0  nm range. Solution p H  was 3.4.

h u e  a n d  s a tu ra t io n  d e p e n d e d  u p o n  so lu 
t io n  lig h tn e ss  as w ell as th e  c o lo rin g  m a te 
rials p re se n t.

T h e  c o lo r  o f  re d  w in es, p a r tic u la r ly  
w h e n  y o u n g , is d u e  la rg e ly  to  th e  a n th o 
c y an in s . S o m e  w in es, e sp ec ia lly  th o se  
fro m  h y b r id  g rap es, hav e  a g re a t v a r ie ty  
o f  a n th o c y a n in s  (V a n  B u ren  e t a l., 1 9 7 0 ). 
T h e  c o n tr ib u t io n  o f  p a r tic u la r  a n th o c y a 
n in s to  th e  ov era ll c o lo r  is k n o w n  o n ly  to  
a l im ite d  e x te n t .  T h e  p u rp o se  o f  th e  
p re se n t s tu d y  h as b e en  to  e x te n d  th is  
k n o w le d g e  in  o rd e r  to  h e lp  c o n tro l  and  
s ta n d a rd iz e  th e  c o lo r  o f  b everages c o n 
ta in in g  a n th o c y a n in s .

MATERIALS & METHODS

THE ANTHOCYANINS, except for cyanidin- 
3-glucoside, were purified by the column chro
m atography m ethod developed by Hrazdir.a
(1970). Cyanidin-3-glucoside was obtained as 
the juice from Darrow cv. blackberry (R u b u s  
fru tic o su s )  where it constitutes more than 95% 
of the anthocyanin pigment.

The anthocyanins were dissolved or diluted 
in a solution containing 120 ml of ethanol, 5 ml 
o f glycerol, 2g citric acid, 3g malic acid and 
0.02g 2-chloro-4-phe:ryl-phenol (a preservative)

Fig. 2 —The effect o f solution p H  on the relation 
between absorbance and H unter " L "  values 
for petunidin-3,5-diglucoside. Absorbance de
termined a t  X max in the 5 0 0 —5 3 0  range.

in 1 liter volume. pH was adjusted with 2N HC1 
or 2N NaOH. Ethanol was included in this solu
tion in order to make it similar to dry wine. 
This concentration o f ethanol did not affect the 
color characteristics o f anthocyanin solutions. 
Concentrated solutions of the anthocyanins 
were prepared the day before the measurements 
were made, held overnight at 2°C, filtered and 
allowed to come up to room  tem perature.

Anthocyanin concentrations were measured 
by the spectrophotom etic m ethod of Niketic- 
Alekic and Hrazdina (1972) using malvidin-3- 
glucoside and malvidin-3,5-diglucoside as stand
ards.

Spectral measurements were made on a 
Beckman DK spectrophotom eter using cells 
with path lengths of 1 and 10 mm.

Tri-stimulus color measurements were made 
using a cell with a 10 mm light path in the 
transmission head of a D25 Hunterlab Color 
and Color Difference Meter. The light source 
was a tungsten filament. Measurements were 
obtained as “ L,” “ a” and “ b ” readings. The 
“ L” values, closely related to the hum an visual 
response to lightness or brightness, was an ex
pression of the light transm ittance of the sam
ple as viewed through the green filter. The “ a” 
dimension indicates degree of redness on the 
positive side and blue-green on the negative 
side. The “ b” dimension indicates yellowness 
on the positive side and purple-blueness on the

ANTHOCYANIN CONCENTRATION M  x 10 "3

Fig. 3 —Relation between anthocyanin concen
tration and Hunter " L "  values for malvidin- 
3,5-diglucoside and malvidin-3-glucoside. The 
numbers on the curves refer to pH.
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Tabie 1—X max for anthocyanin solutions of different " L "  and pHa 

Concentrated solutions More dilute solutions

cone'1 cone'3
Anthocyanin pH " L" x  10‘ 3 X max " L " X 10 '3 X max

Malvidin-3,5- 3.0 25 2.7 520 71 42 524
diglucoside 3.4 21 3.0 522 74 .68 526

3.8 23 4.6 524 79 .62 526
Petunidin-3,5- 3.0 31 2.0 520 76 .37 524

diglucoside 3.4 14 4.2 523 83 .35 525
3.8 32 2.8 525 77 .66 525

Peonidin-3,5- 3.0 25 2.4 515 64 .55 518
diglucoside 3.4 10 4.7 517 71 .55 519

3.8 18 3.4 519 85 .33 520
Malvidin-3- 3.0 19 .95 520 60 .21 522

glucoside 3.4 21 .95 523 78 .12 525
3.8 16 1.2 526 79 .15 526

Cyanidin-3- 3.0 15 1.7 509 80 .12 514
glucoside 3.4 15 1.9 514 80 .15 515

3.8 15 2.1 518 80 .16 515

a S o l n  w e r e  in 1 2 %  e t h a n o l  ( v /v ) .  " L "  m e a s u r e d  in  a 1 c m  l i g h t  p a t h .  
^ M o l a r i t y  o f  a n t h o c y a n i n  s o l u t i o n

n e g a t i v e  s id e .  F r o m  “ a ”  a n d  “ b ”  v a l u e s  o t h e r  
c h r o m a t i c i t y  p a r a m e t e r s  c a n  b e  c a l c u l a t e d .  T h e  
a n g l e  6  is  a  p a r a m e t e r  t h a t  e x p r e s s e s  h u e  a n d  
t h i s  a n g le  is t h e  a r c  c o t a n g e n t  a / b .  A s  a n g l e  8 
i n c r e a s e s  f r o m  0°  t o  6 0 °  t h e  h u e  c h a n g e s  f r o m  
v i o l e t - r e d  t h r o u g h  r e d  t o  o r a n g e .  S a t u r a t i o n  ( o r  
p u r i t y ,  o r  v iv id n e s s )  w a s  o b t a i n e d  a s  ( a 2 +  b 2 ) 1/2.

RESULTS & DISCUSSION
A N  I M P O R T A N T  C O M P O N E N T  o f  t h e  

c o l o r  o f  a  s o l u t i o n  i s  i t s  l i g h t n e s s  ( “ L ” ) ,  a  
f a c t o r  r e l a t e d  t o  t h e  i n t e n s i t y  o f  l i g h t  

r e a c h i n g  t h e  o b s e r v e r  a f t e r  p a s s a g e  
t h r o u g h  a  g r e e n  f i l t e r .  “ L ”  i s  t h e r e f o r e  
r e l a t e d  t o  t h e  s p e c t r a l  a b s o r b a n c e  o f  a  
n o n t u r b i d ,  n o n f l u o r e s c i n g  s o l u t i o n .  M a n y  
p r e v i o u s  s t u d i e s  o n  a n t h o c y a n i n  s o l u t i o n s  
h a v e  i n c l u d e d  a b s o r b a n c e  m e a s u r e m e n t s  
( A s e n  e t  a l . ,  1 9 7 2 ;  B a y e r  e t  a l . ,  1 9 6 6 ;  
R i c e ,  1 9 6 4 ;  S u d r a u d ,  1 9 5 8 ;  T i m b e r l a k e  
a n d  B r i d l e ,  1 9 6 7 ) .

A  c o m p a r i s o n  o f  s p e c t r a l  a b s o r b a n c e  
d a t a  w i t h  t h e  p s y c h o p h y s i c a l  “ L ”  v a l u e s  

s h o w e d  t h a t  s o l u t i o n s  o f  d i f f e r e n t  a n t h o -  
c y a n i n s  h a v e  d i f f e r e n t  q u a n t i t a t i v e  r e l a 
t i o n s  b e t w e e n  “ L ”  a n d  t h e  a b s o r b a n c e  
m e a s u r e d  a t  t h e  w a v e l e n g t h  o f  m a x i m u m  
a b s o r p t i o n  ( X  m a x )  i n  t h e  5 0 0 - 5 5 0  n m  

r e g i o n  ( F i g .  1 ) .  F u r t h e r m o r e  t h e  r e l a t i o n  
b e t w e e n  “ L ”  a n d  a b s o r b a n c e  f o r  s o l u 

t i o n s  o f  a  p a r t i c u l a r  a n t h o c y a n i n  w a s  a f 
f e c t e d  b y  t h e  p H  o f  t h e  s o l u t i o n  a s  i l l u 

s t r a t e d  f o r  p e t u n i d i n - 3 , 5 - d i g l u c o s i d e  ( F i g .  
2 ) .  I t  w a s  o f  i n t e r e s t  t o  d e t e r m i n e  t h e  

r e l a t i o n  b e t w e e n  “ L ”  a n d  a n t h o c y a n i n  

c o n c e n t r a t i o n ,  F i g u r e  3 .  E q u i v a l e n t  “ L ”  

v a l u e s  w e r e  o b t a i n e d  w i t h  l o w e r  c o n c e n 
t r a t i o n s  o f  3 - m o n o g l u c o s i d e  t h a n  w i t h

3 , 5 - d i g l u c o s i d e s .  T h u s  3 - m o n o g l u c o s i d e s  
h a d  a  g r e a t e r  c o l o r i n g  a b i l i t y  i n  t h e  p H

3 . 0 — 3 . 8  r a n g e .  T h i s  i s  i n  a g r e e m e n t  w i t h  
T i m b e r l a k e  a n d  B r i d l e ’s  r e p o r t  ( 1 9 6 7 )  

s h o w i n g  t h a t  s o l u t i o n s  o f  3 - m o n o g l y c o 
s i d e s  h a d  a  l a r g e r  f r a c t i o n  o f  t h e  a n t h o 
c y a n i n  i n  t h e  c o l o r e d  f l a v y l i u m  f o r m  a t  
p H  3 . 0  t h a n  w a s  t h e  c a s e  f o r  t h e  3 , 5 -  

d i g l u c o s i d e s .  L o w e r i n g  o f  t h e  p H  o f  a  
p a r t i c u l a r  a n t h o c y a n i n  s o l u t i o n  d e c r e a s e d  
L ,  c o r r e s p o n d i n g  t o  t h e  w e l l  k n o w n  i n 
c r e a s e  i n  a b s o r b a n c e  w i t h  d e c r e a s i n g  p H  
d u e  t o  s t r u c t u r a l  t r a n s f o r m a t i o n s  o f  
f l a v y l i u m  c o m p o u n d s  ( T i m b e r l a k e  a n d  
B r i d l e ,  1 9 6 7 ) .

T h e  X  m a x  w a s  u s e d  f o r  o b t a i n i n g  t h e  
a b s o r b a n c e  b e c a u s e  X  m a x  v a r i e d  f o r  
t h e s e  a n t h o c y a n i n  s o l u t i o n s  d e p e n d i n g  o n  
b o t h  c o n c e n t r a t i o n  a n d  p H .  T h i s  v a r i a 
t i o n  i n  X  m a x  i s  s h o w n  i n  T a b l e  1 . T h e s e  
r e s u l t s  i n d i c a t e  t h a t  t h e  v a r i a t i o n s  i n  X 
m a x  w i t h  c o n c e n t r a t i o n  a n d  p H  f o u n d  b y  

A s e n  e t  a l .  ( 1 9 7 2 )  f o r  c y a n i d i n - 3 , 5 - d i g i u -  
c o s i d e  a r e  g e n e r a l  p r o p e r t i e s  o f  a n t h o -  
c y a n i n s .  W i t h  a  r i s e  i n  p H  i n  t h e  s e n s i t i v e
3 . 0 — 3 . 8  r a n g e  ( R i c e ,  1 9 6 4 )  t h e  X m a x  i n 
c r e a s e s ,  a n d  w i t h  a n  i n c r e a s e  i n  c o n c e n 

t r a t i o n  t h e  X  m a x  i n c r e a s e s  o r  d e c r e a s e s  
d e p e n d i n g  o n  t h e  p H  o f  t h e  s o l u t i o n .  
C o n c e r n i n g  t h i s  l a t t e r  p o i n t ,  i t  a p p e a r s  
t h a t  t h e r e  i s  a  c r i t i c a l  s o l u t i o n  p H  f o r  

e a c h  a n t h o c y a n i n  w h e r e  a  c h a n g e  i n  c o n 

c e n t r a t i o n  d o e s  n o t  r e s u l t  i n  a  c h a n g e  i n  X 

m a x .  A t  a  p H  b e l o w  t h i s  c r i t i c a l  p H  t h e  X 
m a x  i n c r e a s e s  a s  c o n c e n t r a t i o n  d e c r e a s e s ,  

w h i l e  w h e n  t h e  p H  e x c e e d s  t h i s  c r i t i c a l  
p H  t h e  X  m a x  d e c r e a s e s  a s  t h e  c o n c e n t r a 

t i o n  d e c r e a s e s .
T h e  v a r i a t i o n  o f  X m a x  w i t h  p H  w a s  

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

t i o n s  s h i f t s  a s  g r e a t  a s  9  n m  w e r e  s e e n  a s  
t h e  p H  w a s  c h a n g e d  f r o m  3 . 0  t o  3 . 8 .  
T h e s e  s h i f t s  m a y  b e  r e l a t e d  t o  t h e  i n 
c r e a s i n g l y  g r e a t e r  p r o p o r t i o n  o f  t h e  a n 

t h o c y a n i n  p i g m e n t  p r e s e n t  i n  t h e  c a r b i n o l  
a n d  a n h y d r o  f o r m s  a s  t h e  p H  g o e s  h i g h e r .  
T h e  X m a x  f o r  a b s o r p t i o n  b y  a n t h o c y a n i n  

s o l u t i o n s  o c c u r s  a t  o n l y  s l i g h t l y  s h o r t e r  
w a v e l e n g t h s  t h a n  t h e  5 5 5  n m  X m a x  f o r  
t h e  a c t i o n  s p e c t r u m  o f  t h e  “ L ”  c o l o r  

c o m p o n e n t  ( J u d d  a n d  W y s z e c k i ,  1 9 6 3 ) .  
T h e r e f o r e  s o l u t i o n  X m a x  s h i f t s  t o  l o n g e r  
w a v e l e n g t h s  w o u l d  b e  e x p e c t e d  t o  r e s u l t  

i n  a  m o r e  c o m p l e t e  o v e r l a p  w i t h  t h e  “ L ”  
f u n c t i o n  a n d  w o u l d  d e c r e a s e  t h e  “ L ”  c o r 

r e s p o n d i n g l y  t o  a  g i v e n  a b s o r b a n c e .  T h u s  
c y a n i d i n - 3 - g l u c o s i d e  s o l u t i o n s ,  w i t h  t h e i r  
l o w e r  X m a x ,  h a d  a  h i g h e r  “ L ”  a t  a  g i v e n  
a b s o r b a n c e  t h a n  d i d  s o l u t i o n s  o f  t h e  
o t h e r  a n t h o c y a n i n s .  W h e n  a n t h o c y a n i n  
s o l u t i o n s  w e r e  e x a m i n e d  a t  d i f f e r e n t  p H ’s 
a n d  a  c o n s t a n t  a b s o r b a n c e ,  i t  w a s  f o u n d  
t h a t  t h e  l o n g e r  X m a x  a t  h i g h  p H  w a s  
a s s o c i a t e d  w i t h  a  l o w e r  “ L ”  v a l u e .

A  c o n v e n i e n t  m e t h o d  o f  p r e s e n t i n g  
H u n t e r  t r i - s t i m u l u s  c o l o r  v a l u e s  i s  b y  
p l o t t i n g  c h r o m a t i c i t y  f a c t o r s ,  s u c h  a s  

“ a , ”  “ b , ”  d a n d  s a t u r a t i o n ,  a g a i n s t  “ L ”  
v a l u e s  ( R o b i n s o n  e t  a l . ,  1 9 6 6 ) .  T h i s  n o t  
o n l y  p l a c e s  t h e  c o l o r  i n  a  d e f i n i t e  l o c a 
t i o n  i n  t h e  c o l o r  s p a c e ,  b u t  i t  a l s o  p r o 
v i d e s  a n  i n d i c a t i o n  o f  t h e  e f f e c t s  o f  c o n 
c e n t r a t i o n  o n  t h e  p e r c e i v e d  c o l o r .

T h e  p r i n c i p l e  p i g m e n t s  o f  g r a p e  w i n e s  
a r e  m a l v i d i n - 3 - g l u c o s i d e  a n d  m a l v i d i n -

3 , 5 - d i g l u c o s i d e  ( V a n  B u r e n  e t  a l . ,  1 9 7 0 ) .

T h e  r e l a t i o n  b e t w e e n  “ L ”  a n d  t h e  “ a ”  

a n d  “ b ”  c h r o m a t i c i t y  d i m e n s i o n s ,  o b 
t a i n e d  d i r e c t l y  f r o m  t h e  c o l o r  d i f f e r e n c e  

m e t e r ,  a r e  s h o w n  f o r  s o l u t i o n s  o f  t h e s e  
p i g m e n t s ,  F i g u r e  3 a ,  b .  T h e  p r e s e n c e  o f  
m a x i m a  f o r  b o t h  t h e  “ a ”  a n d  t h e  “ b ”  
v a l u e s  i s  a n  i n h e r e n t  c h a r a c t e r i s t i c  o f  t h e  
m e a s u r e m e n t  o f  t h e s e  d i m e n s i o n s  s i n c e  
b o t h  o p a q u e  a n d  c o m p l e t e l y  t r a n s p a r e n t  
s o l u t i o n s  h a v e  “ a ”  a n d  “ b ”  v a l u e s  o f  
z e r o .  T h e  s i z e  o f  t h e  m a x i m u m  a n d  t h e  

c o r r e s p o n d i n g  “ L ”  v a l u e  c a n  b e  u s e d  t o  
d i s t i n g u i s h  o n e  a n t h o c y a n i n  f r o m  a n 
o t h e r .  M a l v i d i n - 3 , 5 - d i g l u c o s i d e  h a d  a  

h i g h e r  “ a ”  m a x i m u m  a n d  a  l o w e r  “ b ”  

m a x i m u m  t h a n  m a l v i d i n - 3 - g l u c o s i d e .  A  
f u r t h e r  d i f f e r e n c e  w a s  t h e  m i n i m u m  
f o u n d  f o r  t h e  d i g l u c o s i d e  a t  h i g h  “ L ”  v a l 

u e s .  T h e s e  c o m p a r i s o n s  s h o u l d  b e  c a r r i e d  
o u t  a t  a  p a r t i c u l a r  p H  s i n c e  t h e  “ L ”  v s .  
“ a ”  o r  “ b ”  p l o t s  w e r e  s t r o n g l y  i n f l u e n c e d  

b y  p H ,  F i g u r e  3 c ,  d .  T h i s  f i g u r e ,  a s  w e l l  a s  
t h e  d a t a  s h o w n  i n  T a b l e  2 ,  i n d i c a t e s  t h a t  

r a i s i n g  t h e  p H  o f  t h e  s o l u t i o n s  l o w e r s  t h e  

“ a ”  a n d  “ b ”  m a x i m u m s  a n d  l o w e r s  t h e  
“ L ”  v a l u e s  a t  w h i c h  t h e  m a x i m u m s  o c c u r .

C h r o m a t i c i t y  v a l u e s  w i t h  a  c l o s e  r e l a 
t i o n  t o  h u m a n  c o l o r  p e r c e p t i o n  c a n  b e  

c a l c u l a t e d  f r o m  “ a ”  a n d  “ b ”  v a l u e s .  
T h e s e  a r e  h u e ,  e x p r e s s e d  i n  t h e  H u n t e r  

s y s t e m  b y  t h e  a n g l e  6 , a n d  s a t u r a t i o n ,  a  
d e s c r i p t i o n  o f  t h e  p u r i t y  o r  v i v i d n e s s  o f  
t h e  c o l o r .  0 i s  e x p r e s s e d  a s  d e g r e e s ,  a n d  a s  
6 i n c r e a s e s  f r o m  0 °  t o  6 0 °  t h e  c o r r e s 

p o n d i n g  h u e  c h a n g e s  f r o m  v i o l e t  r e d  t o  
o r a n g e .  A  9 o f  1 5 °  i n d i c a t e s  a  r e d  h u e .

P l o t s  o f  6 a n d  s a t u r a t i o n  a g a i n s t  “ L ”  
a r e  s h o w n  f o r  m a l v i d i n - 3 - g l u c o s i d e  a n d  
m a l v i d i n - 3 , 5 - d i g l u c o s i d e  i n  F i g u r e  4 .  T h e  
h i g h e r  6 m a x  f o r  m a l v i d i n - 3 - g l u c o s i d e  i s  
d u e  t o  t h e  h i g h e r  “ b ”  m a x  a n d  t h e  l o w e r  
“ a ”  m a x  f o u n d  f o r  t h i s  a n t h o c y a n i n .  T h i s  
h i g h e r  0  m a x  i n d i c a t e s  t h a t  t h i s  a n t h c -  

c y a n i n  c a n  s h o w  a  w i d e r  r a n g e  o f  h u e s ,  
t o w a r d s  o r a n g e  r e d ,  t h a n  c a n  b e  o b t a i n e d
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Table 2 —Maxim um "a ,"  " b r"  6 and saturation values for anthocyanins in 12% ethanol at pH 3.0 - 3 .8

Anthocyanin pH
"a"
max " L "

conca 
X 10 '3

"b "
max " L "

conca 
X 10 ‘3

0b
max "L "

conca 
X 10‘3

Satu
ration
max " L "

conca 
X 10 '3

Malvidin-3,5- 3.0 80 50 1.1 19 35 1.9 15 30 2.2 78 50 1.1
diglucoside 3.4 75 44 1.9 13 25 2.6 13 20 3.3 75 45 1.8

3.8 72 40 2.6 8 15 6.1 12 15 6.1 72 40 2.6
Petunidin-3,5- 3.0 77 53 1.0 20 35 1.7 16 30 2.1 78 50 1.1

diglucoside 3.4 74 46 1.5 13 26 2.6 13 20 3.3 74 45 1.5
3.8 70 41 2.1 9 18 4.8 12 15 5.4 70 45 1.9

Peonidin-3,5- 3.0 73 40 1.3 25 48 1.0 22 50 .92 80 45 1.1
diglucoside 3.4 66 40 1.6 23 40 1.6 19 40 1.6 70 40 1.6

3.8 71 40 1.7 16 27 2.5 13 25 2.7 73 40 1.7
Malvidin-3- 3.0 71 45 .33 22 29 .42 18 35 .50 73 42 .38

glucoside 3.4 66 43 .45 18 32 .65 16 26 .80 68 40 .50
3.8 62 37 .62 13 26 .89 14 20 1.1 65 37 .62

Cyanidin-3- 3.0 72 38 .60 35 52 .35 27 55 .30 78 45 .65
glucoside 3.4 69 37 .65 31 47 .45 25 50 .40 75 40 .60

3.8 67 38 .75 26 41 .65 22 45 .52 72 40 .70
Cranberry 3.4 72 40 .60 27 45 .45 21 45 .45 77 42 .55

juice 
Howe cv.

(Vaccinium macrocarpum)

a  M o l a r i t y  o f  a n t h o c y a n i n  s o l u t i o n  
15 H u e  a n g l e

Fig. 4 —Hunter "a "  and " b "  values o f malvidin-3-monoglucoside and 
malvidin-3,5-diglucoside solutions a t various dilutions. D ilution in
creases "Z_"  values. (A ) Hunter "a"  value o f  malvidin-3-monoglucoside 
and malvidin-3,5-diglucoside solutions at p H  3 .4 ; (B) Hunter “b "  values 
o f malvidin-3-monog/ucoside and malvidin-3,5-diglucoside solutions at 
p H  3 .4 ; 1C) Effect o f pH  on the Hunter "a"  values o f  malvidin-3,5-di- 
glucoside solutions; (D) Effect o f  p H  on the Hunter “b "  values o f 
malvidin-3,5-diglucoside solutions.

Fig. 5 —Color saturation and d  (hue) values o f malvidin-3-monogluco- 
side and malvidin-3,5-diglucoside solutions a t various dilutions. D ilution  
increases "L "  values. (A) Saturation values o f malvidin-3-monogluco- 
side and malvidin-3,5-diglucoside solutions a t p H  3 .4 ; (B) 6 values o f 
malvidin-3-monogiucoside and malvidin-3,5-diglucoside solutions at pH  
3.4 ; (C) E ffect o f  p H  on the saturation values o f  malvidin-3-glucoside 
solutions; (D ) Effect o f  p H  on the 6 values o f malvidin-3-glucoside 
solutions.
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w i t h  m a l v i d i n - 3 , 5 - d i g l u c o s i d e .  T h e  d i g l u -  

c o s i d e  h a s  a  w i d e r  r a n g e  t o w a r d  t h e  p u r 

p l e  a t  h i g h  “ L ”  v a l u e s  a n d  h i g h  p H .  D a t a  
f o r  o t h e r  a n t h o c y a n i n s  a r e  p r e s e n t e d  i n  
T a b l e  2 .  T h e  9 v a l u e s  o f  v e r y  d i l u t e  a n -  

t h o c y a n i n  s o l u t i o n s ,  “ L ”  a b o v e  9 0 ,  l e v 
e l e d  o f f  o r  i n c r e a s e d  a s  d i l u t i o n  w a s  c o n 
t i n u e d .  T h e  p o s s i b l e  h u e s  o b t a i n a b l e  i n  

s o l u t i o n s  o f  c y a n i d i n - 3 - g l u c o s i d e  c o v e r  a 

9 r a n g e  n e a r l y  t w i c e  a s  l a r g e  a s  t h e  r a n g e  

o b t a i n a b l e  i n  a  s o l u t i o n  o f  m a l v i d i n - 3 , 5 -  
d i g l u c o s i d e .  P e o  n i d i n - 3 , 5 - d i g l u c o s i d e  

s o l u t i o n s  h a d  a  c o m b i n a t i o n  o f  a  l a r g e  9 
r a n g e  a n d  a  l a r g e  s a t u r a t i o n  r a n g e .  T h e y  

a l s o  s h o w e d  t h e  g r e a t e s t  v a r i a t i o n  w i t h  
p H .  M i x t u r e s  o f  a n t h o c y a n i n s  h a d  c h r o -  

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

V a r i a t i o n s  i n  “ b ”  b e t w e e n  a n t h o c y a 
n i n s  w e r e  g r e a t e r  t h a n  f o r  “ a , ”  t h e r e f o r e  
d i f f e r e n c e  i n  9 m a x  v a l u e s  w e r e  c l o s e l y  

r e l a t e d  t o  d i f f e r e n c e s  i n  “ b ”  v a l u e s .  O n  
t h e  o t h e r  h a n d  s a t u r a t i o n  m a x  d i f f e r e n c e s  
w e r e  c l o s e l y  r e l a t e d  t o  “ a ”  v a l u e s  s i n c e  

“ a ”  v a l u e s  w e r e  t h e  l a r g e r  i n  m a g n i t u d e  
a n d  t h u s  p l a y e d  a  w e i g h t i e r  r o l e  i n  t h e  
c a l c u l a t i o n  o f  s a t u r a t i o n .  A t  “ L ”  v a l u e s  
l e s s  t h a n  1 0  a l l  t h e  a n t h o c y a n i n s  t e s t e d  
h a d  s i m i l a r  “ a ”  a n d  “ b ”  v a l u e s  i n  t h e  p H  
r a n g e  3 . 0 - 3 . 8 .

C o l o r  m e a s u r e m e n t s  w e r e  c a r r i e d  o u t  
i n  c e l l s  w i t h  a  1 0  m m  l i g h t  p a t h .  I f  t h e  
l i g h t  p a t h  h a d  b e e n  l a r g e r  o r  s m a l l e r  w e  
w o u l d  h a v e  o b t a i n e d  d i f f e r e n t  “ L ”  v s .  
“ a ”  o r  “ b ”  d i a g r a m s .  T h u s  c o l o r s  o f  d i f 
f e r e n t  h u e  a n d  s a t u r a t i o n  w o u l d  b e  p r o 

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

t h r o u g h  t h e  s o l u t i o n  c o u l d  b e  o b t a i n e d ,  

t h e n  t h e  s o l u t i o n  w o u l d  e x h i b i t  t h e  v a r i 

e t y  o f  h u e s  i n d i c a t e d  b y  i t s  “ L ”  v s .  9 
d i a g r a m s .  T h e  f i e r y  h u e s  a s c r i b e d  t o  w i n e  

i n  t h e  g l a s s  i l l u s t r a t e  t h i s  e f f e c t .
C o l o r  p a r a m e t e r s  o f  t h e  a n t h o c y a n i n  

s o l u t i o n s  a r e  r e l a t e d  t o  t h e  c h e m i c a l  
s t r u c t u r e  o f  t h e  a n t h o c y a n i n s .  V a l u e s  f o r  
“ a ”  m a x  w e r e  l o w e r  a n d  t h e  “ b ”  m a x  

w e r e  h i g h e r  ( t h u s  9 m a x  w a s  h i g h e r )  a s  
t h e  n u m b e r  o f  h y d r o x y l  o r  m e t h o x y l  

g r o u p s  o n  t h e  B  r i n g  d e c r e a s e d .  G l y c o -  

s y l a t i o n  a t  t h e  5 p o s i t i o n  r e d u c e d  9 m a x .  
T h e r e  s e e m e d  t o  b e  l i t t l e  d i f f e r e n c e  b e 

t w e e n  B - r i n g  h y d r o x y l s  o r  m e t h o x y l s  
w i t h  r e g a r d  t o  t h e  c h r o m a t i c i t y  p a r a m 
e t e r  m a x i m u m s ,  t h u s  m a l v i d i n  a n d  p e t u n -  
i d i n - 3 , 5 - d i g l u c o s i d e  h a d  s i m i l a r  v a l u e s .  
T h e  t y p e s  o f  s u g a r  o n  t h e  a n t h o c y a n i n s  
m a y  a l s o  h a v e  o n l y  m i n o r  s i g n i f i c a n c e .  I n  
t h i s  r e g a r d  t h e  p i g m e n t s  f r o m  H o w e  c r a n 
b e r r y ,  c o n s i s t i n g  l a r g e l y  o f  t h e  3 - a r a b i n o -  
s i d e s  a n d  3 - g a l a c t o s i d e s  o f  c y a n i d i n  a n d  
p e o n i d i n  ( F u l e k i  a n d  F r a n c i s ,  1 9 6 8 )  g a v e  
c h r o m a t i c i t y  f a c t o r  m a x i m a  c l o s e  t o  w h a t  

m i g h t  h a v e  b e e n  e x p e c t e d  i f  t h e  p i g m e n t s  
h a d  b e e n  3 - g l u c o s i d e s .

H u e  v a r i a t i o n s  b e t w e e n  a n t h o c y a n i n  

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

s p e c t r a l  a b s o r p t i o n  c h a r a c t e r i s t i c s .  A s  t h e

Table 3—Suggested values3 for 6 m axi
mums of untested anthocyanin solutions, 
pH 3.4

Anthocyanin
0

max " L "

D9lphinidin-3,5-diglucoside 12 18
Cvanidin-3,5-diglucoside 20 42
Pelargonidin-3,5-diglucoside 32 62
Petunidin-3-glucoside 17 30
Delphinidin-3-glucoside 16 28
Peonidin-3-glucoside 23 48
Pelargonidin-3-glucoside 37 74

a  D e r i v e d  b y  e x t r a p o l a t i o n  c o n s i d e r i n g  s t r u c 
t u r a l  p r o p e r t i e s  o f  t h e  a n t h o c y a n i n  in  r e l a 
t i o n  t o  a n  " L "  vs. 9 m a x  p l o t  o f  t h e  a n t h o 
c y a n i n s  a c t u a l l y  t e s t e d .

X m a x  s h i f t e d  t o  l o n g e r  w a v e l e n g t h s  t h e  9 
m a x  d e c r e a s e d  i n d i c a t i n g  m o r e  p u r p l e - r e d  
a n d  l e s s  o r a n g e  c o l o r .  T h i s  a g r e e s  w i t h  
e a r l i e r  v i s u a l  e s t i m a t e s  o f  t h e  c o l o r s  o f  
a n t h o c y a n i n  s o l u t i o n s  ( H a r b o r n e ,  1 9 6 7 ) .

T h e s e  r e s u l t s  w i t h  a n t h o c y a n i n s  m i g h t  
b e  c o m p a r e d  w i t h  t h e  “ L ”  v s  6 p l o t s  f o r  
v a r i e t a l  r e d  w i n e s  p r e s e n t e d  b y  R o b i n s o n  

e t  a l .  ( 1 9 6 6 ) .  T w o  o f  t h e  w i n e s  ( S  1 2 8  
a n d  S  8 3 5 5 )  h a d  9 m a x  v a l u e s  s i m i l a r  t o  
a n t h o c y a n i n  s o l u t i o n s ,  b u t  a  t h i r d  w i n e  
( S V  5 - 2 4 7 )  e x h i b i t e d  i n c r e a s i n g  9 a s  “ L ”  
i n c r e a s e d .  T h i s  c a n  b e  t a k e n  a s  a n  i n d i c a 

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

t h e  9 v a l u e s  f o r  m o s t  o f  t h e  R o s e  w i n e s  
e x c e e d e d  t h a t  e x p e c t e d  f r o m  a n t h o c y a 
n i n  a l o n e ,  i n d i c a t i n g  t h a t  t h e s e  w i n e s  a l s o  

h a d  a  s i m i l a r  n o n a n t h o c y a n i n  p i g m e n t .  
T h e  n o n a n t h o c y a n i n  p i g m e n t  m a y  h a v e  

b e e n  b r o w n  p r o d u c t s  r e s u l t i n g  f r o m  c o n 

d e n s a t i o n  o f  p o l y p h e n o l s .
T h e  e f f e c t  o f  c h a n g i n g  p H  o n  t h e  c o l o r  

o f  a n t h o c y a n i n  s o l u t i o n s  c a n  b e  e x 
p l a i n e d  b y  r e f e r e n c e  t o  t h e  “ L ”  v s .  c h r o 

m a t i c i t y  d i m e n s i o n  p l o t s  i n  c o n j u n c t i o n  
w i t h  t h e  k n o w l e d g e  t h a t  t h e  “ L ”  v a l u e  o f  
a  g i v e n  a n t h o c y a n i n  s o l u t i o n  w i l l  d e c r e a s e  

a s  t h e  p H  is  l o w e r e d  f r o m  p H  3 . 8  t o  3 . 0 .  

C o n s i d e r i n g  t h e  v a r i a t i o n  o f  9,  i f  a  p H  3 . 8  
s o l u t i o n  h a s  a n  “ L ”  v a l u e  l o w e r  t h a n  t h a t  
a t  i t s  m a x ,  a n d  w e  l o w e r  t h e  p H ,  t h e  “ L ”  
w i l l  d e c r e a s e  a n d  r e s u l t  i n  a  n e w  “ L ”  c o r 
r e s p o n d i n g  t o  a  l o w e r  9.  I f  a  p H  3 . 8  s o l u 
t i o n  o f  t h e  s a m e  a n t h o c y a n i n  h a d  a n  “ L ”  
v a l u e  3 0  o r  4 0  u n i t s  h i g h e r  t h a n  “ L ”  a t  9 
m a x  t h e n  m o d e r a t e  l o w e r i n g  o f  t h e  p H  
w o u l d  l o w e r  “ L ”  v a l u e s  a n d  r a i s e  t h e  9 
v a l u e s .  B o t h  r a i s i n g  o r  l o w e r i n g  t h e  p H  b y  
0 . 4  u n i t s  o f  a  p H  3 . 4  s o l u t i o n  a t  i t s  9 m a x  
w o u l d  r e s u l t  i n  a  d e c r e a s e  i n  9.

P r e d i c t i o n s  o f  t r i - s t i m u l u s  v a l u e s  o f  
s o l u t i o n s  o f  u n t e s t e d  a n t h o c y a n i n s  m i g h t  
b e  m a d e  b y  e x t r a p o l a t i o n  f r o m  d a t a  o n  

a n t h o c y a n i n s  a l r e a d y  s t u d i e d ,  i n c l u d i n g  
t h e  a s s u m p t i o n  t h a t  t h e  a d d i t i o n  o f  a  
s u g a r  t o  t h e  5  p o s i t i o n  o f  a n t h o c y a n i n - 3 -  
g l y c c s i d e s  i n c r e a s e d  t h e  b l u e n e s s .  S u c h  
e x t r a p o l a t i o n s  a r e  p o s s i b l e  a t  a n y  “ L ”

v a l u e ,  b u t  t h e  m o s t  u s e f u l  o n e s  m i g h t  b e  

t h o s e  w h e r e  a  c h r o m a t i c i t y  f a c t o r  r e a c h e s  

a  m a x i m u m ,  T a b l e  3 .  T h e  v a l u e s  s u g 
g e s t e d  f a l l  i n  l i n e  w i t h  t h e  g e n e r a l  o b s e r 

v a t i o n s  m a d e  o n  a n t h o c y a n i n s  t h a t  i n 
c r e a s e d  h y d r o x y l a t i o n  a u g m e n t s  b l u e n e s s .

CONCLUSION
S O L U T I O N S  o f  a  p u r e  a n t h o c y a n i n  g i v e  
a  r a n g e  o f  c o l o r s  d e p e n d i n g  o n  c o n c e n t r a 

t i o n  a n d  t h e  p H  o f  t h e  s o l u t i o n .  W h i l e  

t h e r e  a r e  m a r k e d  d i f f e r e n c e s  b e t w e e n  a n 
t h o c y a n i n s  r e g a r d i n g  t h e  r a n g e  o f  c o l o r s  

o b t a i n a b l e ,  t h e y  i m p a r t  a  s i m i l a r  d a r k  r e d  
c o l o r  t o  c o n c e n t r a t e d  s o l u t i o n s .  T h e  “ L ”  

c o l o r  f u n c t i o n  i n c r e a s e s  a s  c o n c e n t r a t i o n  
d e c r e a s e s ,  w h i l e  a t  a  g i v e n  c o n c e n t r a t i o n  
t h e  l o w e r  t h e  p H  ( i n  t h e  3 . 8 —3 . 0  s p a n )  
t h e  l o w e r  t h e  “ L . ”  T h e  r e l a t i o n  b e t w e e n  

“ L ”  a n d  a b s o r b a n c e  i s  d i f f e r e n t  f o r  d i f 
f e r e n t  a n t h o c y a n i n s .  C o l o r  c n r o m a t i c i t y  
d i m e n s i o n s ,  6 a n d  s a t u r a t i o n ,  a r e  f i x e d  b y  
b o t h  t h e  “ L ”  a n d  t h e  p H  o f  t h e  s o l u t i o n .  
F u r t h e r m o r e  t h e  9 a n d  s a t u r a t i o n  s h o w  
m a x i m u m  v a l u e s  i n  t h e  m i d d l e  “ L ”  r e 
g i o n .  T h e s e  m a x i m u m  v a l u e s  a r e  r e l a t e d  

t o  t h e  s t r u c t u r e  o f  t h e  a n t h o c y a n i n .
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A N T H O C Y A N I N S  I N  B A R B E R A  G R A P E S

INTRODUCTION
A N T H O C Y A N I N S  a r e  t h e  p i g m e n t s  
r e s p o n s i b l e  f o r  t h e  c o l o r  o f  r e d  g r a p e s .  

T h e y  a r e  h e a t  l a b i l e  a n d  u n d e r g o  o x i d a 
t i v e  c h a n g e s  r e a d i l y .  A m e l i o r a t i o n  o f  t h e  
c o l o r  o f  q u a l i t y  w i n e s  i s  a c c o m p l i s h e d  b y  
b l e n d i n g  w i t h  g r a p e s  r i c h  i n  a n t h o c y a n i n  
p i g m e n t s .

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

d e v e l o p i n g  n e w  v a r i e t i e s  w i t h  t h e  d e s i r 
a b l e  c o l o r  c h a r a c t e r i s t i c s .  S o m a a t m a d j a  

a n d  P o w e r s  ( 1 9 6 3 )  i s o l a t e d  s i x  p i g m e n t s  
f r o m  C a b e r n e t  S a u v i g n o n  g r a p e s .  C h e n  
a n d  L u h  ( 1 9 6 7 )  u s e d  c a t i o n  e x c h a n g e  
r e s i n  a n d  p a p e r  c h r o m a t o g r a p h y  f o r  s e p a 
r a t i o n  a n d  i d e n t i f i c a t i o n  o f  a n t h o c y a n i n s  
i n  R o y a l t y  g r a p e s .  K o e p p e n  a n d  B a s s o n

( 1 9 6 6 )  i d e n t i f i e d  t h e  a n t h o c y a n i n s  i n  
B a r l i n k a  g r a p e s  a s  o e n i n  ( M a l v i d i n - 3 -  
g l u c o s i d e ) ,  m o n o - p - c o u m a r o y l  o e n i n  a n d  

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

t h e  c h e m i s t r y  o f  a n t h o c y a n i n s  i n  B a r b e r a  
g r a p e s .

T h e  p r e s e n t  w o r k  c o v e r s  t h e  i s o l a t i o n ,  
p u r i f i c a t i o n  a n d  i d e n t i f i c a t i o n  o f  t h e  

a n t h o c y a n i n  p i g m e n t s  i n  B a r b e r a  g r a p e s .

MATERIALS & METHODS
Grapes

8 0  l b  o f  r i p e  B a r b e r a  g r a p e s  (Vitis vinifera) 
w e r e  s u p p l i e d  b y  P r o f e s s o r  H a r o l d  P .  O l m o  o f  
t h e  D e p a r t m e n t  o f  V i t i c u l t u r e  a n d  E n o l o g y .  
T h e y  w e r e  h a r v e s t e d  f r o m  t h e  U n i v e r s i t y  v i n e 
y a r d s  a t  D a v i s ,  w a s h e d  w i t h  t a p  w a t e r ,  s t e m m e d  
a n d  s o r t e d  t o  r e m o v e  u n d e r r i p e  a n d  o v e r r i p e  
o n e s .  T h e  g r a p e s  w e r e  s e a l e d  in  N o .  2'A c a n s  
u n d e r  a  v a c u u m  o f  1 6 "  H g  a n d  t h e n  s t o r e d  a t  
- 1 8 ° C .

T h e  B a r b e r a  g r a p e s  h a d  t h e  f o l l o w i n g  c h a r 
a c t e r i s t i c s :  s o l u b l e  s o l id s ,  2 1 . 8 °  B r i x  a t  2 0 ° C ;  
a n d  t o t a l  a c i d i t y ,  0 . 5 7 %  a s  t a r t a r i c  a c i d .

4 0 0 g  o f  g r a p e s  w e r e  t h a w e d  a t  r o o m  t e m 
p e r a t u r e  a n d  m a c e r a t e d  i n  a  W a r i n g  B l e n d o r  
w i t h  2 0 0  m l  o f  0 . 1 %  ( v / v )  c o n e  HC1 in  a b s o lu t e ,  
m e t h a n o l  f o r  5 m i n  u n d e r  a  n i t r o g e n  a t m o s 
p h e r e .  T h e  m i x t u r e  w a s  f i l t e r e d  t h r o u g h  W h a t 
m a n  N o .  1 f i l t e r  p a p e r  u n d e r  v a c u u m .  T h e  
r e s i d u e  w a s  e x t r a c t e d  t w o  m o r e  t i m e s  w i t h  t h e  
s a m e  s o l v e n t .  T o  t h e  c o m b i n e d  e x t r a c t s ,  a  s u f f i 
c i e n t  a m o u n t  o f  D o w e x  5 0 W - X 4  c a t i o n - e x 
c h a n g e  r e s i n  in  t h e  h y d r o g e n  f o r m  w a s  a d d e d  
( C h e n  a n d  L u h ,  1 9 6 7 ) .  A f t e r  s e t t i n g  f o r  a  s h o r t  
t i m e ,  t h e  r e s i n  w a s  t h o r o u g h l y  w a s h e d  w i t h  d i s 
t i l l e d  w a t e r  t o  r e m o v e  s u g a r s  a n d  p u r e  m e t h a 
n o l  t o  r e m o v e  o r g a n i c  c o m p o u n d s  o t h e r  t h a n  
a n t h o c y a n i n s .  T h e  p i g m e n t s  w e r e  e l u t e d  f r o m  
t h e  r e s i n  w i t h  a  t o t a l  o f  6  l i t e r s  o f  a c i d i f i e d  
m e t h a n o l ,  i n c r e a s i n g  t h e  c o n c e n t r a t i o n  g r a d u a l 

l y  f r o m  0 . 1  t o  1 ,0 %  ( v / v ) .  T h e  e l u a t e s  w e r e  
c o m b i n e d  a n d  c o n c e n t r a t e d  u n d e r  v a c u u m  i n  a 
f l a s h  e v a p o r a t o r  a t  4 0 °  C  a l m o s t  t o  d r y n e s s .  T h e  
c o n c e n t r a t e  w a s  r e d i s s o l v e d  in  a  s m a l l  v o l u m e  
o f  0 . 0 1 %  HC1 in  m e t h a n o l ,  a n d  s t o r e d  a t  - 1 8 ° C  
i n  t h e  d a r k  u n d e r  a  n i t r o g e n  a t m o s p h e r e  ( L i a o  
a n d  L u h ,  1 9 7 0 ) .

Paper chromatography
T h e  s o l v e n t  s y s t e m s  f o r  p a p e r  c h r o m a t o g r a 

p h y  o f  t h e  c o m p o n e n t s  h a v e  b e e n  d e s c r i b e d  
p r e v i o u s l y  ( C h e n  a n d  L u h ,  1 9 6 7 ;  L i a o  a n d  L u h ,
1 9 7 0 ) .

W h a t m a n  N o .  3  M M  p a p e r s  ( 6 7  x  4 6 . 5  c m )  
w e r e  u s e d  f o r  p u r i f i c a t i o n  o f  p i g m e n t s .  W h a t 
m a n  N o .  1 p a p e r s  ( 6 7  x  4 6 . 5  c m )  w e r e  u s e d  f o r  
i d e n t i f i c a t i o n  o f  a n t h o c y a n i n s ,  a g l y c o n e s ,  
s u g a r s  a n d  a l k a l i n e  d e g r a d a t i o n  p r o d u c t s .  O n e  
d i m e n s i o n a l  p a p e r  c h r o m a t o g r a p h y  w a s  u s e d  
f o r  p r e l i m i n a r y  p u r i f i c a t i o n  o f  p i g m e n t s  b y  t h e  
b a r  t e c h n i q u e  ( S m i t h  a n d  L u h ,  1 9 6 5 ) .

D e v e l o p m e n t  o f  t h e  c h r o m a t o g r a m s  w a s  c a r 
r i e d  o u t  b y  d e s c e n d i n g  f l o w  o f  n - B u t a n o l - a c e t i c  
a c i d - w a t e r  ( B A W ,  4 : 1 : 5 )  s y s t e m  f o r  1 8  h r .  
F r o m  t h e  a i r - d r i e d  p a p e r  e a c h  b a n d  w a s  c u t  
f o r  e l u t i o n  i n  a  g la s s  c h a m b e r  b y  d e s c e n d i n g  
c h r o m a t o g r a p h y  w i t h  m e t h a n o l  c o n t a i n i n g  
0 . 1 %  c o n e  HC1.  E a c h  f r a c t i o n  w a s  c o n c e n t r a t e d  
i n t o  a  s m a l l  v o l u m e  i n  a  f l a s h  e v a p o r a t o r .  T h e  
a b o v e  p r o c e d u r e  w a s  r e p e a t e d  f o r  e a c h  c o n c e n 
t r a t e  w i t h  a c e t i c  a c i d - w a t e r - c o n c  HC1 ( A W H ,  
1 5 : 8 2 : 3 )  a s  t h e  s e c o n d  d e v e l o p i n g  s o l v e n t  f o r  
12  h r .  T h e  c o n c e n t r a t e s  w e r e  k e p t  u n d e r  n i t r o 
g e n  a n d  u s e d  f o r  f u r t h e r  a n a l y s i s .  

Two-dimensional paper chromatography
F o r  a b s o r p t i o n  s p e c t r a  m e a s u r e m e n t  a n d  f o r  

R f  v a l u e  d e t e r m i n a t i o n ,  a  s m a l l  a m o u n t  o f  p u r e  
p i g m e n t  w a s  o b t a i n e d  b y  t w o  d i m e n s i o n a l  
p a p e r  c h r o m a t o g r a p h y  o n  s e v e r a l  W h a t m a n  N o .  
3 M M  p a p e r s .  T h e  p a p e r  w a s  i r r i g a t e d  w i t h  
B A W  a s  t h e  f i r s t  s o l v e n t  i n  t h e  l o n g  d i r e c t i o n  
a n d  A W H  as  t h e  s e c o n d  in  t h e  s h o r t  d i r e c t i o n  
b y  t h e  d e s c e n d i n g  m e t h o d .  T h e  s o l v e n t s  u s e d  
f o r  t h e  a n t h o c y a n i d i n s  w e r e  F o r e s t a l  ( w a t e r ,  
H O A c ,  HC1,  1 0 : 3 0 : 3 ) ,  i n  t h e  f i r s t  d i r e c t i o n  a n d  
B u H C l  ( n - b u t a n o l ,  2 N  HC1,  1 : 1 ) ,  u p p e r  p h a s e ,  
i n  t h e  s e c o n d  d i r e c t i o n .

F r o m  t h e  d r i e d  c h r o m a t o g r a m s ,  t h e  i d s n r i -  
c a l  s p o t s  w e r e  c u t ,  c o m b i n e d ,  e l u t e d  w i t h  0 . 1 %  
m e t h a n o l i c  HC1, c o n c e n t r a t e d  i n  a  f l a s h  e v a p o 
r a t o r  t o  a  s m a l l  v o l u m e  a n d  s t o r e d  u n d e r  n i t r o 
g e n  a t  - 2 3 ° C  in  t h e  d a r k .

Chromatographic method for 
detecting mono- and di-glycosides 
in anthocyanins

T h e  n a t u r e  o f  g l y c o s i d e s  in  t h e  a n t h o c y a 
n i n s  w a s  d e t e r m i n e d  b y  t h e  a s c e n d i n g  c h r o m a t 
o g r a p h i c  m e t h o d  d e s c r i b e d  b y  R ib f e r e a u - G a y o n  
a n d  P e y n a u d  ( 1 9 5 8 ) .  T h e  p a p e r  w a s  p l a c e d  
w i t h  t h e  l o w e r  e d g e  d i p p e d  in  a n  a q u e o u s  0 . 6 %  
c i t r i c  a c i d  s o l u t i o n  ( w / v )  f o r  6  h r .  I f  d i g l y c o 
s id e s  a r e  p r e s e n t  t h e y  w o u l d  m o v e  f a s t e r  t h a n  
t h e  m o n o g l u c o s i d e s  o n  t h e  p a p e r .  E x a m i n a t i o n  
u n d e r  u l t r a v i o l e t  r a d i a t i o n  w o u l d  g iv e  a  r e d  
f l u o r e s c e n c e  i n  t h e  p r e s e n c e  o f  d i g l u c o s i d e s  o f  
m a l v i d i n .

Partial acid hydrolysis
P a r t i a l  a c i d  h y d r o l y s i s  o f  t h e  p i g m e n t s  w a s  

d o n e  a c c o r d i n g  t o  t h e  m e t h o d  o f  A b e  a n d  
H a y a s h i  ( 1 9 5 6 ) .

Identification of acyl groups 
in anthocyanins

A f t e r  c o m p l e t e  a c i d  h y d r o l y s i s ,  t h e  m i x t u r e  
w a s  c o o l e d  a n d  e x t r a c t e d  s e v e r a l  t i m e s  w i t h  
a n h y d r o u s  e t h e r .  T h e  e t h e r e a l  e x t r a c t  w a s  c o n 
c e n t r a t e d  t o  a  s m a l l  v o l u m e  o n  a  l o w - t e m p e r a 
t u r e  s t e a m  b a t h ,  a n d  t h e n  s p o t t e d  o n  W h a t m a n  
N o .  1 p a p e r .

A u t h e n t i c  s a m p l e s  o f  c a f f e i c ,  p - c o u m e r i c ,  
f e r u l i c  a n d  c h l o r o g e n i c  a c i d s  w e r e  r u n  a s  r e f e r 
e n c e s .  T h e  p a p e r s  w e r e  d e v e l o p e d  i n  a  d e s c e n d 
in g  d i r e c t i o n  w i t h  B A W  ( 4 : 1 : 5 )  f o r  16  h r  a n d  
w i t h  2 %  H O A c  f o r  4  h r .

T h e  d r i e d  c h r o m a t o g r a m s  w e r e  e x a m i n e d  
u n d e r  u l t r a v i o l e t  r a d i a t i o n  b e f o r e  a n d  a f t e r  
e x p o s u r e  t o  a m m o n i a  v a p o r  ( S w a i n ,  1 9 5 3 ) .  
T h e y  w e r e  s p r a y e d  w i t h  t h e  d i a z o t i z e d  p - n i t r o -  
a n i l i n e  r e a g e n t ,  l e f t  t o  d r y ,  a n d  e x p o s e d  a g a i n  
t o  a m m o n i a  o r  s p r a y e d  w i t h  2 0 %  N a j C 0 3 . T h e  
c o l o r  o f  t h e  s p o t s  w a s  n o t e d  f o r  i d e n t i f i c a t i o n  
o f  t h e  a c y l a t i n g  a g e n t  ( C h e n  a n d  L u h ,  1 9 6 7 ) .  
T h e  p r o c e d u r e  w a s  a l s o  f o l l o w e d  in  h y d r o l y s i s  
o f  t h e  c r u d e  e x t r a c t  o f  t h e  p i g m e n t s  f o r  p r e 
l i m i n a r y  i n f o r m a t i o n .

Identification of the sugar moiety
T h e  s u g a r s  d e r i v e d  f r o m  t h e  a c i d  h y d r o l y s i s  

o f  t h e  g l y c o s i d e s  w e r e  i d e n t i f i e d  a f t e r  r e m o v a l  
o f  t h e  a g l y c o n e  a n d  t h e  a c i d  ( L y n n  a n d  L u h ,  
1 9 6 4 ;  C h e n  a n d  L u h ,  1 9 6 7 ) .  D o w e x  5 0 W - X 4  
c a t i o n - e x c h a n g e  r e s i n  i n  t h e  h y d r o g e n  f o r m  w a s  
a d d e d  t o  t h e  h y d r o l y s a t e .  T h e  r e s u l t i n g  s o l u 
t i o n  w a s  c h r o m a t o g r a p h e d  o n  W h a t m a n  N o .  1 
p a p e r  ( H a r b o r n e  a n d  S h e r r a t ,  1 9 5 7 ) .  T h e  d e 
v e l o p i n g  s o l v e n t s  w e r e :  B A W  ( 4 : 1 : 5 )  f o r  3 6  h r  
( R g  v a l u e ) ,  a n d  17  h r  ( R f  d e t e r m i n a t i o n ) ;  
B u - P y - W  ( 6 : 3 : 1 ) ,  f o r  3 6  h r  ( R g  v a l u e ) ;  a n d  
E t - H O A c - W  ( 3 : 1 : 3 ) ,  f o r  15 h r  ( R g  v a l u e ) .

T h e  s u g a r  s p o t s  o n  t h e  c h r o m a t o g r a m s  w e r e  
v i s u a l i z e d  b y  s p r a y i n g  w i t h  a n i l i n e - h y d r o g e n  
p h t h a l a t e  r e a g e n t  a n d  h e a t i n g  a t  1 0 5 ° C  f o r  5 
m i n  ( P a r t r i d g e ,  1 9 4 9 ) .  T h e  R f  a n d  R g v a lu e s  
o f  t h e  s u g a r s  w e r e  c o m p a r e d  w i t h  t h o s e  o f  t h e  
a u t h e n t i c  s u g a r s  g l u c o s e ,  g a l a c t o s e ,  a r a b i n o s e  
a n d  x y l o s e .

Alkaline degradation 
of the aglycone

T h e  b a r i u m  h y d r o x i d e  d e g r a d a t i o n  m e t h o d  
d e s c r i b e d  b y  L u h  e t  a l .  ( 1 9 6 5 )  w a s  u s e d  t o  
s t u d y  t h e  c h e m i c a l  s t r u c t u r e s  o f  t h e  a n t h o c y a n 
id in s .

C h r o m a t o g r a p h y  a n d  i d e n t i f i c a t i o n  o f  
a r o m a t i c  c o m p o u n d s  w e r e  c o n d u c t e d  i n  t h e  
s a m e  w a y  a s  f o r  t h e  a c y l  g r o u p  i d e n t i f i c a t i o n .  

Rf values of anthocyanins
T h e  p u r i f i e d  p i g m e n t s  w e r e  c h r o m a t o 

g r a p h e d  o n  W h a t m a n  N o .  1 p a p e r s  i n  a  d e s c e n d 
in g  d i r e c t i o n  i n  t h r e e  d i f f e r e n t  s o l v e n t s ;  B A W  
( 4 : 1 : 5 )  s o l v e n t  f o r  18  h r ,  A W H  ( 1 5 : 8 2 : 3 )  s o l 
v e n t  f o r  6  h r ,  a n d  1 %  HC1 f o r  4  h r .  T h e  p a p e r s  
w e r e  a i r  d r i e d  a n d  t h e  R f  v a l u e s  m e a s u r e d .  T h e
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f l u o r e s c e n t  b e h a v i o r  o f  t h e  s p o t s  w a s  r e c o r d e d  
a f t e r  e x a m i n a t i o n  u n d e r  u l t r a v i o l e t  r a d i a t i o n  
( 3 , 6 0 0  A  u n i t  o u t p u t ,  m o d e l  1 9 1 0 ,  B u r t o n  
M e d i - Q u i p  C o . ,  V a n  N u y s ,  C a l i f . ) .

Color reaction with 
aluminum chloride

T h e  d r i e d  t w o - d i m e n s i o n a l  c h r o m a t o g r a m s  
w e r e  s p r a y e d  w i t h  5 %  a l u m i n u m  c h l o r i d e  in 
9 5 %  e t h a n o l .  A  c h a n g e  i n  c o l o r  f r o m  r e d  t o  
b l u e  i n d i c a t e s  t h e  p r e s e n c e  i n  t h e  B - r in g  o f  t h e  
a n t h o c y a n i n  m o l e c u l e  o f  t w o  h y d r o x y l  g r o u p s  
in  t h e  o r t h o  p o s i t i o n .  A n t h o c y a n i n s  s u c h  as  
d e l p h i n i d i n ,  c y a n i d i n  a n d  p e t u n i d i n  g iv e  a  b l u e  
c o l o r  a f t e r  s p r a y i n g  w i t h  t h e  A1C13 r e a g e n t .  

Absorption spectra of anthocyanins
T h e  a b s o r p t i o n  s p e c t r a  o f  p u r e  p i g m e n t s  

w e r e  r e c o r d e d  w i t h  a  B e c k m a n  D K - 2  s p e c t r o 
p h o t o m e t e r .  T h e  p u r i f i e d  p i g m e n t  w a s  d i s 
s o l v e d  i n  m e t h a n o l  c o n t a i n i n g  0 . 0 1 %  c o n e  HC1. 
T h e  s a m e  s o l v e n t  w a s  u s e d  a s  a  b l a n k  f o r  t h e  
v i s ib le  s p e c t r a .  T h e  u l t r a v i o l e t  s p e c t r a  o f  t h e  
p i g m e n t s  w e r e  a l s o  s t u d i e d .  I n  t h i s  c a s e ,  a  s o l u 
t i o n  o b t a i n e d  b y  e l u t i n g  a n  a p p r o p r i a t e  b l a n k  
a r e a  o f  t h e  c h r o m a t o g r a m  w i t h  t h e  s a m e  s o l 
v e n t  w a s  u s e d  a s  a  r e f e r e n c e  ( M a b r y  e t  a l. ,
1 9 7 0 ) .

RESULTS
P a p e r  c h r o m a t o g r a p h y

Fig. 1—Two-dimensional chromatogram o f the anthocyanins from Bar- 
bera grapes.

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

t h e  c r u d e  e x t r a c t  o f  t h e  p i g m e n t s  b y  t h e  
b a r  t e c h n i q u e ,  w i t h  B A W  a s  d e v e l o p i n g  
s o l v e n t ,  y i e l d e d  s i x  d i s t i n c t  b a n d s .

I t  w a s  n o t i c e d  t h a t  t h e  b l u i s h  p u r p l e  
c o l o r  o f  t h e  t w o  f i r s t  b a n d s  (1  a n d  2 )  w a s  
l e s s  s t a b l e .  I t  s o o n  t u r n e d  i n t o  a  b l u e -  
v i o l e t  o n  t h e  d r i e d  p a p e r s .  T h e s e  t w o  
b a n d s  w e r e  p r e s e n t  i n  s m a l l  a m o u n t s ,  a n d  
c a u s e d  s o m e  d i f f i c u l t i e s  i n  t h e  s e p a r a t i o n  
a n d  p u r i f i c a t i o n  p r o c e d u r e .  B a n d  3  w a s  
t h e  m o s t  a b u n d a n t  p i g m e n t ,  w i t h  a  v e r y  
i n t e n s e  p u r p l e  c o l o r  a n d  s o m e  f l u o r e s c e n t  
b e h a v i o r  u n d e r  u l t r a v i o l e t  r a d i a t i o n .  I t  a l 

m o s t  c o v e r e d  b a n d  4  w h i c h  s h o w e d  a  
c h a r a c t e r i s t i c  s a l m o n  p i n k  c o l o r .  B a n d s  5 
a n d  6  a p p e a r e d  a s  u n i q u e  w i d e s p r e a d  
b a n d s .  T h e  R f  v a l u e s  o f  t h e  p u r i f i e d  
b a n d s  a r e  l i s t e d  i n  T a b l e  1 .  T h e  a n t h o 

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

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

Table 1—R f values and color 
Barbera grapes

b e r  o f  a g l y c o n e s  l i b e r a t e d  b y  a c i d i c  

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

m e n t s  w e r e  t h e n  f o l l o w e d .
T w o - d i m e n s i o n a l  p a p e r  c h r o m a t o g 

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

t o g r a m  o f  t h e  a n t h o c y a n i n s  f r o m  B a r b e r a  
g r a p e s  i s  s h o w n  i n  F i g u r e  l .

A  t w o - d i m e n s i o n a l  c h r o m a t o g r a m  w a s  

s p r a y e d  w i t h  A 1 C 1 3 t o  p r o v i d e  i n f o r m a 
t i o n  o n  t h e  p r e s e n c e  o f  o r t h o  d i h y d r o x y l  
g r o u p s  i n  t h e  B - r i n g .  D e l p h i n i d i n ,  p e t u n i 
d i n  a n d  c y a n i d i n  w o u l d  r e a c t  p o s i t i v e l y  
t o  g i v e  a  c h a r a c t e r i s t i c  b l u e  c o l o r .

P i g m e n t s  l a ,  l b ,  l c  a n d  2 a  t u r n e d  b l u e

characteristics of anthocyanins of

a f t e r  a p p l i c a t i o n  o f  t h e  A l C l 3 r e a g e n t .  
T h e  t e s t  w a s  r e p e a t e d  b y  a d d i n g  1 m l  
e a c h  o f  9 5 %  e t h a n o l  i n t o  t w o  s e p a r a t e  

t e s t  t u b e s .  T o  o n e  t u b e ,  s e v e r a l  d r o p s  o f  
A I C I 3 w e r e  a d d e d .  T h e  o t h e r  t u b e  s e r v e d  
a s  a  r e f e r e n c e .  A  f e w  d r o p s  o f  p u r i f i e d  

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

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

b u t  w e r e  m u c h  m o r e  e v i d e n t  a n d  c o n c l u 

s i v e .

S u g a r  m o i e t i e s  i n  a n t h o c y a n i n s

A n  u n i d i r e c t i o n a l  p a p e r  c h r o m a t o 
g r a p h i c  t e c h n i q u e ,  u s i n g  a  0 . 5 %  ( w / v )  

c i t r i c  a c i d  a s  s o l v e n t  w a s  c a r r i e d  o u t  t o  
t e s t  f o r  p r e s e n c e  o r  a b s e n c e  o f  d i g l u c o -  

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

s h o w i n g  t h e  a b s e n c e  o f  3 , 5 - d i g l u c o s i d e s  
( H a r b o r n e ,  1 9 5 8 ;  1 9 6 7 ) .

T h e  a b s e n c e  o f  d i g l u c o s i d e  i n  t h e  a n 
t h o c y a n i n s  o f  B a r b e r a  ( V. vinifera) c o n 
f o r m s  w i t h  t h e  w e l l - e s t a b l i s h e d  o b s e r v a T 
t i o n  t h a t  V. vinifera v a r i e t i e s  c o n t a i n  o n l y  
m o n o g l y c o s i d e s .

T h e  R f  a n d  R g v a l u e s  o f  t h e  s u g a r  
m o i e t y  f r o m  t h e  p i g m e n t s  w e r e  i d e n t i c a l  
w i t h  t h o s e  o f  a n  a u t h e n t i c  s a m p l e  o f  g l u 
c o s e .  G l u c o s e  w a s  t h e  o n l y  s u g a r  f o u n d  i n  
a l l  t h e  a n t h o c y a n i n s  i n  t h e  B a r b e r a  
g r a p e s .

Pigments
R f value 
in BAW

Color characteristics 
Visible Ultraviolet

AIC I3
reaction

Band 1a 0.23 bluish-purple dull-purple +
1b 0.29 bluish-purple dull-purple +
1c 0.31 bluish-purple dull-purple +
2a 0.35 blue-purple dull-purple +
2b 0.41 purple dull-purple -

3 0.43 mauve-purple dull-purple —

4 0.47 salmon-pink dull-pink —

5 0.50 purple-pink dull-pink —

6 0.56 purple dull-purple -
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Table 2—Rf values and color characteristics of the acylated anthocyanins of Barbera grapes

Pigment

Rf values
Color

Identification
BAW

(4 :1 :5 ) 2% HOAc u v U V  + n h 3 DPNA D PNA  + N a2C 0 3

1b 0.78 0.34 Blue fluor. Blue fluor. Tan Brownish Caffeic acid
2a 0.85 0.48 - Blue fluor. Yellow  orange Blue gray p-Coumaric
3 0.86 0.50 - Blue fluor. Yellow  orange Blue gray p-Coumaric
5 - - - - - - (acylated)
6 - - - - - - (acylated)

Table 3—R f values and color characteristics of the alkaline degradation products of anthocyanins of Barbera grapes

R f value

BAW
(4 :1 :5 )Pigment 2% HOAc U V U V  + N H 3 DPNA D PNA  + N a2C 0 3 Identification

1a 0.61 0.42 — — Yellow Gray brown Gallic acid
1b 0.78 0.56 - - Tan Gray blue Protocatechuic acid
2a 0.78 0.52 - - Tan Gray blue Protocatechuic acid
2b 0.83 0.56 - - Orange yellow Blue Syringic acid
3 0.82 0.52 - - Orange Blue Syringic acid
4 0.85 0.55 - - Yellow Vio let Vanillic  acid
5 0.87 0.59 - - Yellow Vio let Vanillic  acid
6 0.83 0.56 - - Orange Blue Syringic acid
Spot B 0.69 0.60 - - Orange Deep orange Phloroglucinol

Color

Standards BAW 2% HOAc DPNA D PNA  + N a2c o 3

Syringic acid 0.82 0 .53-0 .56 Orange Blue
Vanillic acid 0.85 0.58 Yellow Vio let
3-Orthomethyl gallic 0.76 0.47 Red orange Red purple
Protocatechuic acid 0.78 0.52 Tan Brown
Gallic acid 0.58 0.41 Yellow Gray brown
Phloroglucinol 0.67 0.59 Orange Deep orange

A n t h o c y a n i d i n s

T h e  R f  v a l u e s  o f  t h e  a n t h o c y a n i d i n s  
( a g l y c o n e s ) ,  u s i n g  F o r e s t a l  s o l v e n t  w e r e :  
s p o t  A ,  0 . 4 0 ;  s p o t  B ,  0 . 6 0 ;  s p o t  C ,  0 . 6 7 .  

S i n c e  t h e  F o r e s t a l  s o l v e n t  f a i l s  t o  s e p a r a t e  

w e l l  c y a n i d i n  ( 0 . 4 9 )  f r o m  p e t u n i d i n  
( 0 . 4 6 ) ,  a n d  p e o n i d i n  ( 0 . 6 3 )  f r o m  m a l v i -  

d i n  ( 0 . 6 0 ) ,  t h e  B u - H C l  s o l v e n t  w a s  r u n  
a f t e r  t h e  F o r e s t a l  s o l v e n t  i n  t h e  s e c o n d  
d i r e c t i o n .  T h e  p i g m e n t s  w e r e  i d e n t i f i e d  
f r o m  t h e i r  R f  v a l u e s  a n d  p o s i t i o n s  o n  t h e  

p a p e r  a s  d e l p h i n i d i n  ( A l ) ,  p e t u n i d i n  
( A 2 ) ,  c y a n i d i n  ( B ) ,  m a l v i d i n  ( C )  a n d  

p e o n i d i n  ( D ) .

P a r t i a l  a c i d  h y d r o l y s i s

T h e  p a r t i a l  a c i d  h y d r o l y s i s  m e t h o d  
w a s  u s e d  t o  d e t e r m i n e  t h e  n u m b e r  o f  

s u g a r  m o i e t i e s  i n  t h e  i n d i v i d u a l  p i g m e n t s .
A n  a n t h o c y a n i n  w i t h  o n e  s u g a r  p e r  

a g l y c o n e  y i e l d s  u p o n  c h r o m a t o g r a p h y  

t w o  s p o t s ,  n a m e l y  t h e  3 - m o n o s i d e  a n d  
t h e  a g l y c o n e .  A  3 - d i g l y c o s i d e  w o u l d  y i e l d

t h r e e  s p o t s ,  a n d  a  3 , 5 - d i g l y c o s i d e  y i e l d s  

f o u r  s p o t s .  I f  t h e  p i g m e n t  c o n t a i n s  a  
s u g a r  i n  t h e  C 5 - O H  o f  t h e  A - r i n g ,  a  c h a r 
a c t e r i s t i c  f l u o r e s c e n c e  u n d e r  u l t r a v i o l e t  

r a d i a t i o n  w o u l d  b e  s e e n .
T h e  c h r o m a t o g r a m s  o f  t h e  h y d r o l y s i s  

p r o d u c t s  d e v e l o p e d  w i t h  B A W  a n d  A W H  
s o l v e n t s  i n d i c a t e  t h a t  p i g m e n t s  l a ,  l b ,  2 a ,  
2 b ,  3  a n d  4 ,  a r e  m o n o g l u c o s i d e s .  T w o  
s p o t s  a r e  p r e s e n t  o n  e a c h  c h r o m a t o g r a m ,  
t h e  3 - m o n o g l u c o s i d e  a n d  t h e  a g l y c o n e .  
E x a m i n a t i o n  u n d e r  u l t r a v i o l e t  r a d i a t i o n  

d i d  n o t  r e v e a l  a n y  f l u o r e s c e n c e ,  i n d i c a t 
i n g  t h e  a b s e n c e  o f  3 , 5 - d i g l u c o s i d e s .

A c y l  m o i e t i e s

A c i d  h y d r o l y s i s  c a n  r e m o v e  t h e  a c y l  

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

s a m p l e s  o f  p h e n o l i c  a c i d s .  T h e  a c i d s  c o m 
m o n l y  i n v o l v e d  i n  a c y l a t e d  a n t h o c y a n i n s  
i n  g r a p e s  a r e  p - c o u m a r i c  a c i d  a n d  c a f f e i c

a c i d  ( R i b e r e a u - G a y o n ,  1 9 5 9 ;  C h e n  a n d  
L u h ,  1 9 6 7 ) ,  a n d  a c e t i c  a c i d  ( A n d e r s o n  e t  
a l . ,  1 9 7 0 a ,  b ) .

T h e  c h a r a c t e r i s t i c  c o l o r  o f  t h e  a c i d s  
a f t e r  s p r a y i n g  w i t h  D P N A  ( d i a z o t i z e d - p -  
n i t r o a n i l i n e )  a n d  N a 2 C 0 3 ( 2 0 %  w / v )  c a n  
a l s o  h e l p  t h e  i d e n t i f i c a t i o n .  C a f f e i c  a c i d  
e x h i b i t s  a  v e r y  i n t e n s e  b l u e  f l u o r e s c e n c e ,  
a n d  p - c o u m a r i c  a l s o  a f t e r  e x p o s u r e  t o  
N H 3 v a p o r .

T h e  a c y l  g r o u p s  i n  s o m e  o f  t h e  a n t h o 
c y a n i n  p i g m e n t s  o f  B a r b e r a  g r a p e s  a r e  
p r e s e n t e d  i n  T a b l e  2 .  C a f f e i c  a c i d  w a s  
f o u n d  i n  p i g m e n t  l b .  T h e  s p o t  b e c a m e  
b r o w n  a f t e r  s p r a y i n g  w i t h  D P N A  a n d  
N a 2 C 0 3 . I t  h a d  t h e  s a m e  R f  a s  t h a t  o f  a n  
a u t h e n t i c  s a m p l e  o f  c a f f e i c  a c i d .  P i g m e n t  

2 a  w a s  a c y l a t e d  w i t h  p - c o u m a r i c .  P i g m e n t  
3 ,  t h e  m a j o r  p i g m e n t ,  w a s  a l s o  a c y l a t e d  
w i t h  p - c o u m a r i c  a c i d .  T h e r e  w a s  a n  i n d i 
c a t i o n  t h a t  a n o t h e r  m i n o r  p i g m e n t ,  m a l -  
v i d i n - 3 - g l u c o s i d e  a c y l a t e d  w i t h  c a f f e i c  

a c i d ,  w a s  p r e s e n t  w h i c h  m o v e d  s l i g h t l y
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Table 4 —R f values of the anthocyanins of Barbera grapes

R f values at 20°C

1% HCl AWH  
Pigments (4 hr) (6  hr) Identification

1a 0.04 0.17 Delphinidin-3-monoglucoside
1 b 0.09 0.34 Cyanidin-3-monoglucoside 

w ith  caffeic acid
1c 0.05 0.24 Petunidin-3-monoglucoside
2a 0.06 0.26 Cyanidin-3-monoglucoside 

w ith  p-coumaric acid
2b 0.06 0.33 Malvidin-3-monoglucoside
3 0.08 0.30 Malvidin-3-monoglucoside 

w ith  p-coumaric acid
4 0.08 0.35 Peonidin-3-monoglucoside
5 0.06 0.31 Peonidin-3-monoglucoside

(acylated)
6 0.06 0.31 Malvidin-3-monoglucoside

(acylated)

Reported values 1% HCI AWH

Cyanidin-
3-monoglucoside 0.07a (0.17)“  0.26a
+ p-coumaric 0.11b

Delphinidin- 0.03a 0.18a
3-monoglucoside 0.05b

Malvidin-
3-monoglucoside 0.06a 0.29a

Peonidin-
3-monoglucoside 0.09a 0.33a

Petunidin-
3-monoglucoside 0.04a (0.03)d 0.22 (0.30)d 

0.25c

a  H a r b o r n e ,  1 9 5 8 a  
b  A c y l a t e d
c  S o m a a t m a d j a  a n d  P o w e r s ,  1 9 6 3
d  R f  v a lu e s  in p a r e n t h e s i s  h a v e  b e e n  r e v i s e d  b y  H a r b o r n e ,  1 9 6 7 .

s l o w e r  t h a n  p i g m e n t  3 ,  w h e n  B A W  w a s  
t h e  s o l v e n t .  T h i s  p o i n t  n e e d s  f u r t h e r  i n 
v e s t i g a t i o n .

T h e  f l u o r e s c e n t  p r o p e r t y  o f  t h e  a c y l 

a t e d  p i g m e n t s  d i s a p p e a r e d  d u r i n g  p a r t i a l  
a c i d  h y d r o l y s i s .  A l b a c h  ( 1 9 6 3 )  f o u n d  
b o t h  c a f f e i c  a n d  p - c o u m a r i c  a c i d s  p r e s e n t  

a s  a c y l a t i n g  a g e n t s  i n  a  g r o u p  o f  t h e  m a l -  
v i d i n ,  p e o n i d i n ,  p e t u n i d i n ,  a n d  d e l p h i n i -  
d i n  p i g m e n t s  i n  T i n t a  P i n h e i r a  g r a p e s .  
T h e  p i g m e n t  a c y l a t e d  w i t h  p - c o u m a r i c  
a c i d  w a s  m o v i n g  a h e a d  o f  t h e  o n e  w i t h  
c a f f e i c  a c i d .  T h e  h i g h  R f  v a l u e s  o f  t h e  
p i g m e n t s  5  a n d  6  i n  B A W  s o l v e n t  a n d  
t h e i r  a p p e a r a n c e  a n d  p o s i t i o n  o n  t h e  
c h r o m a t o g r a m  s u p p o r t s  t h a t  t h e y  w e r e  
a c y l a t e d .

A l k a l i n e  d e g r a d a t i o n  p r o d u c t s  

o f  a n t h o c y a n i d i n s

I d e n t i f i c a t i o n  o f  t h e  b e n z o i c  a c i d  
d e r i v a t i v e s  f r o m  a l k a l i  d e g r a d a t i o n  o f  a n 

t h o c y a n i n s  i s  a n  i m p o r t a n t  m e t h o d  f o r  
p r o v i n g  t h e  s t r u c t u r e  o f  t h e  p i g m e n t s .

T h e  R f  v a l u e s  a n d  c o l o r  c h a r a c t e r i s t i c s  
o f  t h e  a l k a l i n e  d e g r a d a t i o n  p r o d u c t s  a r e  
p r e s e n t e d  i n  T a b l e  3 .  A l k a l i n e  d e g r a d a 

t i o n  w a s  a l s o  a p p l i e d  t o  t h e  u n h y d r o l y z e d  
p i g m e n t s .

O n  t h e  c h r o m o t o g r a m s  o f  t h e  a l k a l i n e  
d e g r a d a t i o n  p r o d u c t s ,  t w o  s p o t s  w e r e  

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

P i g m e n t  l a  w a s  i d e n t i f i e d  a s  d e l p h i n i -  
d i n ,  l b  a n d  2 a  a s  c y a n i d i n ,  2 b ,  3  a n d  6  a s  
m a l v i d i n  a n d  4  a n d  5 a s  p e o n i d i n .  I t  a p 
p e a r s  t h a t  m a l v i d i n  i s  t h e  d o m i n a n t  a g l y -  

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

C h r o m a t o g r a p h i c  p r o p e r t i e s  
o f  a n t h o c y a n i n s

T a b l e  4  l i s t s  t h e  R f  v a l u e s  o f  t h e  a n -  

t h o c y a n i n  p i g m e n t s  f r o m  B a r b e r a  g r a p e s .
P i g m e n t  l a  w a s  i d e n t i f i e d  a s  d e l p h i n i -  

d i n - 3 - g l u c o s i d e ,  l b  a n d  2 a  a s  c y a n i d i n - 3 -  
g l u c o s i d e  w i t h  a c y l a t i o n .  P i g m e n t s  2 b ,  i s  
m a l v i d i n - 3 - m o n o g l u c o s i d e ,  a n d  p i g m e n t  3  

w a s  m a l v i d i n - 3 - m o n o g l u c o s i d e  a c y l a t e d  
w i t h  p - c o u m a r i c  a c i d .  P i g m e n t  4  w a s  
p e o n i d i n - 3 - m o n o g l u c o s i d e  a n d  P i g m e n t  
5  w a s  p e o n i d i n - 3 - m o n o g l u c o s i d e  w i t h

a c y l a t i o n .  P i g m e n t  6  w a s  m a l v i d i n - 3 -  

m o n o g l u c o s i d e  w i t h  a c y l a t i o n .
W h e n  m a l v i d i n - 3 - g l u c o s i d e  i s  a c y l a t e d  

w i t h  c a f f e i c  a c i d  o r  p - c o u m a r i c  a c i d ,  t h e  

R f  v a l u e s  m a y  b e  p r e d i c t e d  f r o m  t h e  a c y l  

g r o u p s  p r e s e n t .  A c y l a t i o n  c a u s e s  a  d e 
c r e a s e  i n  R f  v a l u e s  i n  H O A c - H C l  a n d  1 %  
H C 1  s o l v e n t s  a n d  a  r e m a r k a b l e  i n c r e a s e  i n  

B A W .  T h e  h i g h  R f  v a l u e s  o f  p i g m e n t s  5 

a n d  6  i n d i c a t e  t h a t  t h e y  a r e  a c y l a t e d  p i g 
m e n t s .

T h e  R f  v a l u e s  f o u n d  f o r  p i g m e n t  l c  
c o r r e s p o n d  t o  t h a t  o f  p e t u n i d i n - 3 - g l u c o -  

s i d e .  I t s  p o s i t i o n  o n  t h e  t h e o r e t i c a l  d i a 

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

S p e c t r a l  p r o p e r t i e s  o f  a n t h o c y a n i n s

T a b l e  5  l i s t s  t h e  s p e c t r a l  p r o p e r t i e s  o f  
t h e  a n t h o c y a n i n s  s t u d i e d .  T h e  a b s o r p t i o n  

m a x i m a ,  t h e  r a t i o  o f  t h e  o p t i c a l  d e n s i t i e s  
a t  4 4 0  n m  t o  o p t i c a l  d e n s i t i e s  a t  t h e  m a x 

i m a  a n d  t h e  e f f e c t  o f  A 1 C 1 3 o n  t h e  s p e c 
t r a  a r e  f u r t h e r  i n d i c a t i o n s  o f  t h e  i d e n t i t y  

o f  t h e  p i g m e n t s  t h a t  h a v e  b e e n  i d e n t i f i e d  

b y  o t h e r  m e t h o d s .

P i g m e n t  l a  h a s  b e e n  t e n t a t i v e l y  i d e n t i 

f i e d  a s  d e l p h i n i d i n - 3 - m o n o g l u c o s i d e .  I t  

h a s  a n  a b s o r p t i o n  m a x i m a  a t  5 3 3  n m .

P i g m e n t  l b  a p p e a r s  t o  b e  c y a n i d i n  
3 - m o n o g l u c o s i d e  a c y l a t e d  w i t h  c a f f e i c  

a c i d ;  p i g m e n t  2 b  r e s e m b l e s  c y a n i d i n - 3 -  
m o n o g l u c o s i d e ;  a n d  p i g m e n t  3  m a l v i d i n -  

3 - m o n o g l u c o s i d e  a c y l a t e d  w i t h  p - c o u -  

m a r i c  a c i d .  P i g m e n t  4  a p p e a r s  t o  b e  
p e o n i d i n - 3 - m o n o g l u c o s i d e ,  a n d  p i g m e n t  5 

p e o n i d i n - 3 - m o n o g l u c o s i d e  w i t h  a c y l a t i o n .  
P i g m e n t  2 b  w a s  n o t  a v a i l a b l e  f o r  s p e c t r a l  
i d e n t i f i c a t i o n .  T h e  r a t i o  o f  O D  a t  4 4 0  n m  
t o  t h a t  a t  m a x i m u m  p e a k  c a n  b e  u s e d  t o  

d i f f e r e n t i a t e  t h e  m o n o g l u c o s i d e s  f r o m  

t h e  d i g l u c o s i d e s  b a s e d  o n  t h e  v a l u e  o f  t h i s  

r a t i o  ( H a r b o r n e ,  1 9 5 8 ) .  T h e  3 , 5 -  a n d
5 - g l y c o s i d e s  h a v e  o n l y  5 0 %  o f  t h e  r a t i o  o f  
a b s o r p t i o n  o f  t h e  c o r r e s p o n d i n g  a n t h o -  
c y a n i n  i n  w h i c h  t h e  5 - h y d r o x y l  g r o u p  is  
f r e e .

DISCUSSION
T H E  E X T R A C T I O N  o f  a n t h o c y a n i n  p i g 
m e n t s  f r o m  B a r b e r a  g r a p e s  w a s  e a s i l y  a c 
c o m p l i s h e d  w i t h  m e t h a n o l  c o n t a i n i n g  
0 . 1 %  H C 1 .  S u g a r s ,  m i n e r a l s  a n d  o t h e r  

c o m p o n e n t s  w h i c h  w o u l d  o t h e r w i s e  i n t e r 
f e r e  w i t h  t h e  m o v e m e n t s  o f  p i g m e n t s  o n  
p a p e r  c h r o m a t o g r a m s  w e r e  e l i m i n a t e d  b y  
t h e  u s e  o f  a  D o w e x  5 0 W - X 4  c a t i o n  e x 
c h a n g e  r e s i n  c o l u m n .  T h e  i m p u r i t i e s  w e r e  
r e a d i l y  w a s h e d  a w a y  f r o m  t h e  c o l u m n  

w i t h  d i s t i l l e d  w a t e r  f o l l o w e d  b y  m e t h y l  

a l c o h o l .  T h e  a n t h o c y a n i n s  c a n  b e  e l u t e d  
f r o m  t h e  c o l u m n  b y  g r a d u a l l y  i n c r e a s i n g  

t h e  c o n c e n t r a t i o n  o f  H C 1  i n  t h e  m e t h a n o l  
f r o m  0 . 1  t o  1 . 0 % .  I n  o r d e r  t o  r e m o v e  a n y  

m e t h a n o l  e x t r a c t a b l e  i m p u r i t i e s ,  t h e  i o n -  
e x c h a n g e  r e s i n  s h o u l d  b e  w a s h e d  s e v e r a l  

t i m e s ,  f i r s t  w i t h  2 N  H C 1 ,  t h e n  w i t h  d i s 
t i l l e d  w a t e r ,  a n d  f i n a l l y  w i t h  m e t h a n o l .  I t  

i s  i m p o r t a n t  t o  a l l o w  t h e  a n t h o c y a n i n
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Table 5 —Spectral properties of anthocyanins of Barbera grapes

Pigment
Max ^ 4 4 0

/o
(nm) E. vis max

A IC I3 shift 
(n m ) Identification

1a 533 23 +8 Delphinidin-3-monoglucoside
1b 525,305,275 28 +22 Cyanidin-3-monoglucoside

w ith  caffeic acid
2a 523,278 17 +15 Cyanidin-3-monoglucoside

w ith  p-coumaric acid
2b - - - Malvidin-3-monoglucoside
3 535,300,279 19 0 Malvidin-3-monoglucoside

w ith p-coumaric acid
4 523,295,275 23 0 Peonidin-3-monoglucoside
5 525 24 0 Peonidin-3-monoglucoside

(acylated)
6 533,280 28 0 Malvidin-3-monoglucoside

(acylated)

Reported by Harborne (1967)

Cn-3-Ga 523 24 +18
Pn-3-Gb 523 24 0
Dp-3-Gc 534 18 +23
Mv-3-Gd 534 18 0
Pt-3-Ge 534 18 +14

a  C y a n i d i n - 3 - m o n o g l u c o s i d e  
k  P e o n i d i n - 3 - m o n o g l u c o s i d e  
c  D e l p h i n i d i n - 3 - m o n o g l u c o s i d e  
d  M a l v i d i n - 3 - m o n o g l u c o s i d e  
e  P e t u n i d i n - 3 - m o n o g l u c o s i d e

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

I n  m o s t  c a s e s ,  a r a b i n o s e  w a s  a l s o  o b 
s e r v e d  t o g e t h e r  w i t h  g l u c o s e  i n  t h e  a c i d  
h y d r o l y s a t e .  I t  a p p e a r e d  a s  a  b r o w n  s p o t  
o n  t h e  c h r o m a t o g r a m s  ( C h e n  a n d  L u h ,  
1 9 6 7 ;  L i a o  a n d  L u h ,  1 9 7 0 ) .  I t  w a s  p r o 

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

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

f o u n d  i n  t h e  h y d r o l y s a t e .  I t  a p p e a r s  t h a t  
g l u c o s e  w a s  t h e  o n l y  s u g a r  m o i e t y  p r e s e n t  

i n  t h e  a n t h o c y a n i n s  o f  B a r b e r a  g r a p e s .
R i b e r e a u - G a y o n  ( 1 9 5 9 )  s t u d i e d  t h e  

g e n e t i c  r e l a t i o n s h i p  a m o n g  Vitis vinifera 
v a r i e t i e s  w i t h  r e g a r d  t o  p i g m e n t a t i o n .  
F r o m  a  s t u d y  o f  m o r e  t h a n  8 0  h y b r i d s ,

h e  c o n c l u d e d  t h a t  d i g l y c o s i d e s  w e r e  c h a r 
a c t e r i s t i c s  o f  V. riparia a n d  V. rupetris 
a n d  t h a t  t h e  d i g l y c o s i d e s  a r e  d o m i n a n t  

g e n e t i c a l l y .  T h e  a n t h o c y a n i n s  c o u l d  b e  

d i v i d e d  i n t o  t w o  g r o u p s :  t h e  m o n o g l u c o -  
s i d e s  ( a  g e n e t i c  m a r k e r  f o r  V. vinifera) 
a n d  d i g l y c o s i d e s  (  V. riparia).

T h e  p r e s e n t  s t u d y  i n d i c a t e s  t h a t  t h e  
B a r b e r a  g r a p e s  c o n t a i n  m o n o g l u c o s i d e  

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

t h e  a n t h o c y a n i d i n s .  T h e  p r e s e n c e  o f  p -  
c o u m a r i c  a n d  c a f f e i c  a c y l  g r o u p s  i n  t h e  
p i g m e n t s  i s  a l s o  i n d i c a t e d .  T h e  a c y l  g r o u p  
i n  p i g m e n t s  5  a n d  6  w a s  n o t  p o s i t i v e l y  
i d e n t i f i e d .  F r o m  t h e  w o r k  o f  A n d e r s o n  e t  

a l .  ( 1 9 7 0 a ,  b ) ,  i t  i s  h i g h l y  p o s s i b l e  t h a t  
b o t h  p i g m e n t s  m a y  b e  a c y l a t e d  w i t h  a c e 
t i c  a c i d .  F r o m  t h e  a b o v e  r e s u l t s ,  t h e  B a r 
b e r a  g r a p e  b e l o n g s  t o  t h e  V. vinifera v a r i 

e t y .  T h e  v a r i e t y  h a s  b e e n  c u l t i v a t e d  i n  
C a l i f o r n i a  f o r  m a n y  y e a r s  ( A m e r i n e  a n d  
W i n k l e r ,  1 9 6 3 ) .  T h e  w i n e s  m a d e  f r o m  i t  

a r e  c h a r a c t e r i z e d  b y  a  h i g h  a c i d i t y  a n d

d e e p  r e d  c o l o r .  T h e y  a r e  u s e d  q u i t e  o f t e n  

f o r  b l e n d i n g  w i t h  o t h e r  w i n e s .
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INTRODUCTION
C O L O R A N T S  i n  f o o d  a r e  e i t h e r  n a t u r a l l y  
o c c u r r i n g  p i g m e n t s  o r  a r t i f i c i a l  d y e s  a n d  

l a k e s .  S i n c e  t h e  n u m b e r  o f  a r t i f i c i a l  c o l 
o r s  i s  l i m i t e d ,  a n d  t h e  s a f e t y  o f  s o m e  h a s  
b e e n  q u e s t i o n e d ,  t h e r e  i s  a  n e e d  t o  f u r 
t h e r  e x p l o r e  n a t u r a l  p i g m e n t s  a s  f o o d  

c o l o r a n t s .
T h e  r e d  b e e t  r o o t  (Beta vulgaris) i s  a  

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

m e n t s  a r e  f o u n d  i n  o t h e r  p l a n t s ,  t h e  b e e t  
i s  t h e  o n l y  f o o d  p r o d u c t  c o n t a i n i n g  t h i s  
g r o u p  o f  p i g m e n t s .  B e c a u s e  o f  t h e  h i g h  
p i g m e n t  c o n c e n t r a t i o n  i n  t h e  b e e t  r o o t ,  
a n d  s i n c e  b e e t  p o w d e r  i s  p e r m i t t e d  a s  a  
c o l o r a n t  u n d e r  t h e  1 9 6 0  C o l o r  A d d i t i v e  

A m e n d m e n t ,  t h e  p i g m e n t s  o f  t h e  b e e t  a r e  
a n  o b v i o u s  c h o i c e  f o r  f u r t h e r  i n v e s t i g a 

t i o n .
I t  i s  g e n e r a l l y  r e c o g n i z e d  t h a t  s e v e r a l  

f a c t o r s  a f f e c t  t h e  s t a b i l i t y  o f  c o l o r  i n  r e d  
p i g m e n t e d  f o o d s  d u r i n g  p r e p a r a t i o n ,  
p r o c e s s i n g  a n d  s t o r a g e .  T h e s e  f a c t o r s  i n 
c l u d e  h e a t ,  p H ,  l i g h t ,  p r e s e n c e  o r  a b s e n c e  
o f  o x y g e n ,  m e t a l s  a n d  o t h e r  c h e m i c a l s .  
O n l y  l i m i t e d  s t u d i e s  a r e  r e p o r t e d  i n  t h e  
l i t e r a t u r e  c o n c e r n i n g  t h e  s t a b i l i t y  o f  b e t a 
l a i n s .  H o w e v e r ,  t h e  c h e m i c a l  n a t u r e  o f  
b e t a l a i n s  h a s  b e e n  s t u d i e d  e x t e n s i v e l y  a n d  
r e v i e w e d  b y  D r e i d i n g  ( 1 9 6 1 )  a n d  M a b r y  

( 1 9 6 6 ,  1 9 7 0 ) .
C o l o r  o f  c a n n e d  b e e t s ,  t h o u g h  s u b j e c t  

t o  c h a n g e ,  i s  g e n e r a l l y  a c c e p t a b l e  b e c a u s e  

t h e  b e e t  c o n t a i n s  a  h i g h  c o n c e n t r a t i o n  o f  

p i g m e n t .  T h i s  l e v e l  g e n e r a l l y  i s  g r e a t  
e n o u g h  t o  c o u n t e r a c t  a n y  l o s s  t h a t  m a y  
o c c u r  d u r i n g  t h e  c a n n i n g  p r o c e s s  ( M a c -  
k i n n e y  a n d  L i t t l e ,  1 9 7 2 ) .  A r o n o f f  a n d  
A r o n o f f  ( 1 9 4 8 a ,  b )  s t u d i e d  t h e r m a l l y  
d e g r a d e d  b e e t s  a n d  f o u n d  t h a t  p i g m e n t s  
w e r e  l o s t  g r a d u a l l y  a s  a  b r o w n i s h  m a t e r i a l  
w a s  f o r m e d .  T h e  e f f e c t  o f  p H  o n  c o l o r  o f  
b e e t s  d u r i n g  h e a t  s t e r i l i z a t i o n  h a s  b e e n  
s t u d i e d  b y  H a b i b  a n d  B r o w n  ( 1 9 5 6 )  a n d  
L u s a s  e t  a l .  ( 1 9 6 0 ) .  T h e s e  i n v e s t i g a t o r s  
r e p o r t e d  t h a t  r a i s i n g  o r  l o w e r i n g  t h e  p H  
a b o v e  o r  b e l o w  t h e  n o r m a l  v a l u e  f o r  b e e t s  
( a p p r o x .  5 . 5 )  c a u s e d  m a r k e d  c h a n g e s  i n  
c o l o r  a n d  t h a t  m i n i m u m  c h a n g e s  o c 
c u r r e d  a t  a p p r o x i m a t e l y  p H  5 . 5 .  D a r k e n 
i n g  o r  b r o w n i n g  o f  b e e t  p r o d u c t s  b y  
o x i d a t i o n  b o t h  b e f o r e  a n d  a f t e r  t h e  
c a n n i n g  p r o c e s s  h a s  b e e n  r e p o r t e d  b y  
V i l e c e  e t  a l .  ( 1 9 5 5 ) ,  H a b i b  a n d  B r o w n  
( 1 9 5 6 )  a n d  L u s a s  ( 1 9 5 8 ) .  L i v i n g s t o n  e t  
a l .  ( 1 9 5 4 )  s t u d i e d  t h e  r o l e  o f  t r a c e  m e t a l

C O L O R  S T A B I L I T Y  O F  B E T A N I N

c o n t a m i n a t i o n  i n  d i s c o l o r a t i o n  o f  b e e t  
p u r e e  a n d  r e p o r t e d  t h a t  b o t h  i r o n  a n d  
c o p p e r  a c c e l e r a t e d  d a r k e n i n g .  S i m i l a r  

r e s u l t s  w e r e  r e p o r t e d  b y  L u s a s  e t  a l .  

( 1 9 6 0 ) .
T h i s  s t u d y  w a s  d e s i g n e d  t o  i n v e s t i g a t e  

h o w  s o m e  c h e m i c a l  a n d  p h y s i c a l  f a c t o r s  
a f f e c t  t h e  s t a b i l i t y  o f  b e t a n i n  i n  m o d e l  

s y s t e m s  a n d  i n  b e e t  j u i c e  a n d  p u r e e .

EXPERIMENTAL
P r e p a r a t i o n  o f  s a m p l e s

B e t a n i n  a n d  b e e t  j u i c e  u s e d  in  t h i s  s t u d y  
w e r e  p r e p a r e d  a c c o r d i n g  t o  t h e  m e t h o d  o f  v o n  
E l b e  e t  al.  ( 1 9 7 2 ) .  T h e  m e t h o d  t o  o b t a i n  p u r e  
b e t a n i n  i n v o l v e s  p r e p a r i n g  a n  a q u e o u s  e x t r a c t  
o f  b e e t s ,  s e p a r a t i n g  a n d  p u r i f y i n g  t h e  p i g m e n t  
b y  c h r o m a t o g r a p h y ,  a n d  e v e n t u a l l y  c r y s t a l l i z 
i n g  t h e  p i g m e n t .

B e e t  p u r e e  w a s  p r e p a r e d  f r o m  c o o k e d ,  d i c e d  
b e e t s  w h i c h  w e r e  b l e n d e d  ( W a r i n g  B l e n d o r )  a n d  
p a c k e d  in  3 0 7  X 3 0 6  c a n s .  T h e  c a n s  w e r e  r e f r i g 
e r a t e d  u n t i l  u s e d .

P r e p a r a t i o n  o f  b e t a n i n  s o l u t i o n s

M c l l v a i n e ’s c i t r i c - p h o s p h a t e  b u f f e r  ( 0 . 1 M )  
s o l u t i o n s  w i t h  p H  v a lu e s  o f  3 . 0 ,  4 . 0 ,  5 . 0 ,  6 . 0 ,
7 . 0  a n d  8 . 0  w e r e  p r e p a r e d  ( A n o n .  1 9 6 8 ) .  
B u f f e r  s o l u t i o n s  w i t h  v a l u e s  o f  2 . 0  a n d  9 . 0  w e r e  
p r e p a r e d  b y  a d d i n g  I N  HC1 a n d  I N  N a O H ,  
r e s p e c t i v e l y ,  t o  t h e  M c l l v a i n e ’s b u f f e r .

P H

C h a n g e s  in  t h e  c o l o r  o f  b e t a n i n  c a u s e d  b y  
p H  w e r e  m e a s u r e d  u s i n g  s o l u t i o n s  p r e p a r e d  b y  
m i x i n g  1 m l  o f  a n  a q u e o u s  s o l u t i o n  o f  b e t a n i n  
( c o n c e n t r a t i o n  0 . 4  m g / 1 0 0  m l )  a n d  4  m l  o f  
e a c h  b u f f e r .  T h e  b u f f e r e d  s o l u t i o n s  w e r e  i n t r o 
d u c e d  i n t o  1 0 - m l  v ia ls  w h i c h  w e r e  H u s h e d  r e 
p e a t e d l y  w i t h  n i t r o g e n  g a s  t o  l i m i t  o x y g e n .

V ia l s  w e r e  m a i n t a i n e d  a t  4 ° C  in  t h e  d a r k ,  
a n d  a b s o r b a n c e  r e a d i n g s  ( 4 0 0 - 6 5 0  n m )  w e r e  
m a d e  in i t i a l l y  a n d  a f t e r  7  d a y s  o f  s t o r a g e ,  u s i n g  
a  B e c k m a n  A c t a  H I  s p e c t r o p h o t o m e t e r .

T e m p e r a t u r e

T h e  r a t e  o f  d e g r a d a t i o n  o f  b e t a n i n  w a s  
m e a s u r e d  a f t e r  t r e a t m e n t  a t  1 0 0 ° C  a n d  p H  
v a l u e s  o f  3 . 0 ,  4 . 0 ,  5 . 0 ,  6 . 0  a n d  7 . 0  a n d  a t  2 5 °  
a n d  5 0 ° C  a t  p H  v a l u e s  o f  5 . 0  a n d  7 . 0 .  T h e  
r a t e  a t  w h i c h  b e t a n i n  d e g r a d e d  in  b e e t  j u i c e  w a s  
m e a s u r e d  a f t e r  t r e a t m e n t  a t  1 0 0 ° C  a n d  p H  
v a lu e s  o f  3 . 0 ,  5 . 0  a n d  7 . 0 .  W h e n  t h e  d e g r a d a 
t i o n  r a t e  o f  b e t a n i n  i n  b e e t  p u r e e  w a s  m e a s 
u r e d .  c a n s  o f  p u r e e  w e r e  h e a t e d  a t  1 0 2 ,  1 1 0 ,  
1 1 6 ,  121  a n d  1 2 9 ° C  f o r  3 0 ,  4 5  a n d  6 0  m i n .

M o d e l  s y s t e m s  w e r e  p r e p a r e d  w i t h  k n o w n  
a m o u n t s  o f  b e t a n i n  d i s s o l v e d  in  e a c h  b u f f e r .  
A f t e r  m i x i n g ,  1 m l  o f  e a c h  s o l u t i o n  w a s  p l a c e d  
i n t o  a  3 -m l  v ia l ( 1 5 - 2 1  v ia ls ) .  V ia l s  w e r e  
H u s h e d  r e p e a t e d l y  w i t h  n i t r o g e n  t o  l i m i t  o x y 
g e n .  S i m i l a r  s a m p l e s  a t  p H  3 . 0 ,  5 . 0  a n d  7 . 0  
w e r e  p r e p a r e d  u s i n g  b e e t  j u i c e .  T e m p e r a t u r e s  o f

5 0 ,  7 5  a n d  1 0 0 ° C  w e r e  m a i n t a i n e d  in  a n  o i l  
b a t h ,  a n d  2 5 ° C  w a s  m a i n t a i n e d  in  a  c o n s t a n t -  
t e m p e r a t u r e  w a t e r  b a t h  e q u i p p e d  w i t h  a  r e f r i g 
e r a t i o n  c o o l i n g  s y s t e m  ( B l u e  M E l e c t r i c  C o . ,  
B lu e  I s l a n d ,  111.).

L i g h t  a n d / o r  a i r

H o w  l i g h t  a n d / o r  a i r  a f f e c t e d  t h e  r a t e  o f  
d e g r a d a t i o n  w e r e  d e t e r m i n e d  o n  s o l u t i o n s  o f  
b e t a n i n  a t  p H  7 . 0 .  T h e  b u f f e r e d  b e t a n i n  s o l u 
t i o n s  w e r e  i n t r o d u c e d  i n t o  5 - m l  v ia l s  a n d  t h e  
v ia ls  f r o m  w h i c h  a i r  w a s  t o  b e  l i m i t e d  w e r e  
H u s h e d  s e v e r a l  t i m e s  w i t h  n i t r o g e n .  S a m p l e s  t o  
b e  e x p o s e d  t o  l i g h t  w e r e  s t o r e d  u s i n g  s t a n d a r d  
d a y l i g h t  w i t h  a n  i n t e n s i t y  o f  2 4  f t - c .  T h e  s a m 
p l e s  w i t h o u t  e x p o s u r e  t o  l i g h t  w e r e  s t o r e d  in 
v ia ls  w r a p p e d  in  a l u m i n u m  fo i l .  A l l  v ia l s  w e r e  
s t o r e d  a t  1 5 ° C .  T h e  b e t a n i n  c o n t e n t  r e m a i n i n g  
in  s o l u t i o n  w a s  d e t e r m i n e d  d a i l y  f o r  7  d a y s .  A l l  
d e t e r m i n a t i o n s  w e r e  d o n e  in  d u p l i c a t e  a n d  e a c h  
d e t e r m i n a t i o n  c o n s i s t e d  o f  e i g h t  p a p e r  e l e c t r o -  
p h o r e t o g r a m s .

A n a l y s i s  o f  b e t a n i n

B e t a n i n  c o n t e n t s  in  m o d e l  s y s t e m s ,  b e e t  
j u i c e  a n d  b e e t  p u r e e  w e r e  d e t e r m i n e d  a c c o r d i n g  
t o  t h e  m e t h o d  o f  v o n  E l b e  e t  al.  ( 1 9 7 2 ) .  I n  t h i s  
m e t h o d ,  a n  a q u e o u s  b e t a n i n  s o l u t i o n  is s u b 
j e c t e d  t o  p a p e r  e l e c t r o p h o r e s i s .  T h e  b a n d s  o f  
i n d i v i d u a l  p i g m e n t s  o n  t h e  e l e c t r o p h o r e t o g r a m s  
a r e  q u a n t i f i e d  b y  c o m p a r i n g  p e a k  a r e a s  o b 
t a i n e d  b y  d e n s i t o m e t r y  t o  p e a k  a r e a s  o b t a i n e d  
w i t h  k n o w n  b e t a n i n  s o l u t i o n s .  T o  m e a s u r e  
b e t a n i n  i n  b e e t  p u r e e ,  lO O g  o f  p u r e e  w e r e  
w a s h e d  w i t h  w a t e r  u n d e r  n i t r o g e n .  W a s h i n g  w a s  
c o n t i n u e d  u n t i l  n o  c o l o r  r e m a i n e d  in  t h e  e l u a t e .  
T h e  e x t r a c t  w a s  m a d e  t o  v o l u m e  a n d  a p p l i e d  
d i r e c t l y  t o  e l e c t r o p h o r e t o g r a m s .  K i n e t i c  p a r a m 
e t e r s  w e r e  c a l c u l a t e d  b y  t h e  m e t h o d  o f  L e n z  
a n d  L u n d  ( 1 9 7 4 ) .  T h i s  m e t h o d  i n v o l v e s  d e t e r 
m i n a t i o n  o f  t h e  a v e r a g e  r e t e n t i o n  o f  b e t a n i n  in  
c o n t a i n e r s  h e a t e d  a t  d i f f e r e n t  t e m p e r a t u r e s  a n d  
s e l e c t e d  h e a t i n g  t i m e s .

RESULTS & DISCUSSION
Stability of betanin solutions

Effect of pH. V i s i b l e  s p e c t r a  ( 4 0 0 -  
6 5 0  n r r . )  w e r e  o b t a i n e d  f o r  b e t a n i n  s o l 
u t i o n s  a t  e a c h  p H  v a l u e ,  i n i t i a l l y  a n d  
a f t e r  7  d a y s  o f  s t o r a g e  a t  4 ° C .  T h e  v i s i b l e  

s p e c t r a  f o r  p H  2 . 0 ,  5 . 0  a n d  9 . 0  a r e  s h o w n  
i n  F i g u r e  1 .  A b s o r b a n c e  v a l u e s  a n d  a b 
s o r p t i o n  m a x i m a  ( A m a x )  o f  e a c h  s a m p l e  
a r e  i n  T a b l e  1. N o  s h i f t s  i n  t h e  a b s o r p t i o n  

m a x i m a  o f  b e t a n i n  s o l u t i o n s  w e r e  n o t e d  
b e t w e e n  p H  4 . 0  a n d  7 . 0 ,  a n d  t h e  s p e c t r a  
o f  t h e s e  s o l u t i o n s  w e r e  f o u n d  t o  b e  i d e n 
t i c a l .  B e l o w  p H  4 . 0 ,  i . e . ,  p H  2 . 0 ,  a  s l i g h t  
s h i f t  ( 2  n m )  t o w a r d  a  s h o r t e r  w a v e l e n g t h
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F i g .  1 — V i s i b l e  s p e c t r a  o f  b e t a n i n  a t  p H  2 . 0 ,  5 . 0  a n d  9 . 0 .

o f  535 n m  o c c u r re d , an d  th e  in te s i ty  o f  
th e  a b so rb a n c e  d e c re a sed . In a d d it io n , 
th e  sp e c tru m  in c re a sed  s lig h tly  in  a b so rb 
an ce  in  th e  5 7 5 - 6 5 0  n m  re g io n  an d  th e  
c o lo r  o f  th e  so lu t io n  ch an g ed  fro m  red  to  
red -v io le t.

A bove  pH  7 .0 , th e  a b s o rp tio n  m a x i
m u m  sh if te d  to w a rd  a lo n g e r w a v e len g th  
(5 4 4  n m  a t pH  9 .0 ), and  th e  in te n s i ty  o f  
th e  a b so rb a n c e  d ec re a sed . A c o n s id e ra b le  
in c rease  in  a b so rb a n c e  o c c u rre d  in  th e  
5 7 5 —6 5 0  n m  a n d  4 0 0 - 4 5 0  n m  reg ions. 
T h ese  a lte ra t io n s  w ere  a c c o m p a n ie d  b y  a 
m ark e d  ch an g e  in  c o lo r  f ro m  red  to  
v io le t. T h e  ab o v e  d a ta  ag ree  w ell w ith  
th o se  re p o r te d  b y  N ilsso n  (1 9 7 0 ) .

S to rag e  o f  th e  b e ta n in  so lu t io n s  fo r  7 
d ay s a t 4 °C  h a d  n o  m ea su ra b le  e ffe c t o n  
th e  a b so rp tio n  m a x im u m  o f  e ach  so lu 
t io n , an d  th e  in te n s i ty  o f  th e  a b so rb a n c e  
d id  n o t  ch an g e  b e tw e e n  pH  3 .0  a n d  7 .0 . 
H o w ev er, m a rk e d  d ecreases  in  a b so rb a n c e  
o c c u rre d  w h e n  th e  pH  v a lu e  w as b e lo w
3 .0  o r above  7 .0  (F ig . 1 a n d  T ab le  1). T he 
s ta b il i ty  o f  b e ta n in  w as g re a te s t b e tw e e n  
pH  4 .0  an d  5 .0 .

T hese  re su lts  ag ree  re a so n a b ly  w ell 
w ith  th o se  p re se n te d  b y  P e te rso n  and  
Jo s ly n  (1 9 6 0 )  w h o  r e p o rte d  th a t  b e ta n in  
w as m o s t s ta b le  n e a r  pH  4 .0 . T h e ir  d a ta , 
h o w ev er, in d ic a te d  th a t  b e ta n in  w as m o re  
s ta b le  a t p H  v a lues in  th e  ran g e  o f
1 .0 - 3 .0  th a n  a t p H  5 .0 . T h is o b se rv a tio n  
w as n o t  c o n f irm e d . A lth o u g h  th e  te m p e r 
a tu re  o f  s to rag e  a n d  b u ffe rs  u sed  in  th e  
tw o  s tu d ie s  w ere  sim ila r, d ire c t c o m p a r i
so n  o f  th e  d a ta  w as n o t  p o ss ib le  b ecau se  
th e  c o n d itio n s  o f  s to ra g e , t im e  o f  sto rag e  
an d  p re sen ce  o r  a b se n ce  o f  lig h t a n d /o r  
a ir, w ere n o t  re p o r te d .

E ffe c t o f  te m p e ra tu re
W hen so lu tio n s  o f  b e ta n in  p ig m e n t 

w e re  h e a te d  fo r  v a rio u s tim e s , th e  red

c o lo r  g ra d u a lly  d im in ish e d  a n d  e v en tu a lly  
a lig h t b ro w n  c o lo r  a p p e a re d . T h is  change  
o f  c o lo r  w as s tu d ie d  by  d e te rm in in g  th e  
d ecrease  in  b e ta n in  c o n te n t  an d  c a lc u la t
ing th e  p e rc e n t  o f  b e ta n in  re m a in in g  a f te r  
h e a tin g  as:

m g o f  b e ta n in  a t X tim e
% R = ------- — ------- t ------7— ----- x  1 0 0

m g o i b e ta n in  a t 0 tim e

w h ere  % R = p e rc e n t re m a in in g .
T h e  p e rce n ta g e s  (% R ) w ere  p lo t te d  o n  

se m ilo g a rith m ic  p a p e r  ag a in st tim e . T h e  
s tra ig h t line  re la tio n s h ip  o b ta in e d  in d i
c a te s  th a t  th e  ra te  o f  d e g ra d a tio n  o f  b e ta 
n in  u p o n  h e a tin g  fo llo w ed  firs t o rd e r  
re a c tio n  k in e tic s . T h e  h a lf-life  ( T y2) o f  
th e  p ig m e n t can  th e re fo re  b e  c a lcu la te d  
as:

T ./2 =  0 .6 9 3 /k

w h e re  k  is th e  ra te  c o n s ta n t ,  o b ta in e d  by

F i g .  2 — D e g r a d a t i o n  r a t e s  f o r  b e t a n i n  i n  a  m o d e l  

s y s t e m  a t  1 0 0 °  C  a t  p H  3 . 0 ,  5 . 0  a n d  7 . 0 .

m u ltip ly in g  th e  s lo p e  o f  th e  line  by  
—2 .3 0 3  (F e l ic io t t i  an d  E sse len , 1 9 5 7 ). 
F ig u re  2 p re se n ts  d a ta  fo r  p H  values o f
3 .0 , 5 .0  an d  7 .0  w h e n  th e  p e rc e n t o f  
b e ta n in  th a t  w as re m a in in g  in  th e  m o d e l 
sy s te m  w as p lo t te d  ag a in st t im e .

D a ta  in  T ab le  2 sh o w  th e  r a te  c o n 
s ta n ts  (k )  a n d  h a lf-life  (Ty2) v a lu es fo r  
b e ta n in  a t pH  v a lu es o f  3 .0 , 4 .0 ,  5 .0 , 6 .0  
and  7 .0  an d  fo r  b e e t ju ic e  a t pH  va lues o f
3 .0 , 5 .0  an d  7 .0  w h en  b o th  w ere  h e a te d  
a t 10 0 °C . A g ra p h  o f  h a lf-life  versus pH  
in  th e  m o d e l sy s te m s an d  th e  b e e t  ju ic e  is 
sh o w n  in  F ig u re  3. T h ese  d a ta  c lea rly  
in d ic a te  th a t  th e  s ta b il i ty  o f  b e ta n in  is 
g re a te s t b e tw e e n  pH  4 .0  a n d  5 .0 . It is 
n o te w o r th y  th a t  th e  s ta b ili ty  o f  b e ta n in  
in  b e e t ju ic e  a t  p H  3 .0  a n d  7 .0  is s im ilar 
to  th e  s ta b il i ty  o f  b u ffe re d  b e ta n in  so lu 
tio n s . H o w ev er, a t p H  5 .0 , b e ta n in  in  b e e t 
ju ic e  is fa r  m o re  s ta b le . T h is  in d ic a te s  a 
d e f in i te  p ro te c tiv e  e ffe c t b y  th e  ju ic e  
c o n s t itu e n ts .

Table 1—Absorbances at absorp tion  m axim a (A m a x l o f be tan in  so l
u tio ns3 at d iffe re n t pH  values and stored at 4°C

pH  value 
(± 0 .05)

Storage tim e

0 days 7 days

Absorbance 
± 0.01

A" m a x  
± 1 (nm)

Absorbance 
± 0.01

^ m a x  
± 1 (nm)

2.0 0.47 5 3 5 0.34 5 3 4
3.0 0.51 5 3 5 0.47 5 3 4
4.0 0.53 5 3 7 0.52 5 3 7
5.0 0.54 5 3 7 0.53 5 3 7
6.0 0.53 5 3 7 0.51 5 3 7
7.0 0.52 5 3 7 0.47 5 3 7
8.0 0.49 5 3 8 0.37 5 3 8
9.0 0.49 5 4 4 0.34 5 4 4

3 B e tan in  c o n c e n tra tio n : 0 .45  m g /1 00  m l
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F i g .  3 — H a l f - l i f e  f o r  b e t a n i n  i n  a  m o d e l  s y s t e m  

a n d  b e t a n i n  i n  b e e t  j u i c e  a s  a  f u n c t i o n  o f  p H  a t  

100P C .

Table 2—Degradation rates8 fo r  be tan in  so
lu tio n s  and beet ju ice  as a fu n c tio n  o f pH at 
100°C ± 1

pH  ± 0 .05 k  (m in ) ’ 1 X  10‘ 3 T y2 (m in ) ± CEb

3.0 94 7.4 ± 1
4 .0 51 13.6 ± 2
5.0 48 14.5 ± 2
6.0 79 8.1 ± 1
7.0 118 5.9 ± 1

Beet ju ice
3.0 79 8.8 ± 1
5.0 24 28.6 ± 3
7.0 135 5.1 ± 1

8 Average o f  tr ip lic a te  d e te rm in a tio n s  
b CE = m a x im u m  ca lcu la ted e rro r

Table 4 —Average percent re ten tio n  o f beta
n in  in  beet puree

Tem perature °C  ± 1

T im e (m in ) 102 110 116 129

30 83 68 62 52
45 57 37 35 -

60 46 31 16 —

T h e  s ta b il i ty  o f  b e ta n in  so lu t io n s  a t 
d if fe re n t  te m p e ra tu re s  w as s tu d ie d  fu r 
th e r  a t pH  v a lu es o f  5 .0  a n d  7 .0 . T hese  
v a lu es w ere  ch o se n  b ecau se  th e  s ta b ili ty  
w as g re a te s t  a t p H  5 .0  a n d  lo w e s t a t  p H
7 .0 . D a ta  o n  s ta b ili ty  o f  b e ta n in  in  te rm s  
o f  k , a n d  Ty2 fo r  th e s e  p H  v a lu es a t  te m 
p e ra tu re s  o f  2 5 , 50  a n d  7 5 °C  a p p e a r  in  
T ab le  3 . T h e  d a ta  c lea rly  sh o w  th a t  th e  
h e a t  s ta b il i ty  o f  b e ta n in  d ec reases  w ith  an  
in c rease  in  te m p e ra tu re .

T h e  a c t iv a t io n  e n erg y  (E a ) w as c a lcu 
la te d  fro m  a se m ilo g a rith m ic  p lo t o f  k  vs 
1 /T  a n d  w as fo u n d  to  be  12.5 ± 2  k c a l/ 
m o le . T h e  m e th o d  o f  L en z  a n d  L u n d
(1 9 7 3 )  a n d  th e  d a ta  in  T ab le  4  w ere  u sed  
to  c a lc u la te  an  E a v a lu e  fo r  b e ta n in  in 
b e e t p u re e  an d  it p ro v e d  to  be  1 0 .0  ± 2 
k c a l/m o le . T h ese  tw o  v a lu es suggest th a t  
th e  m ec h an ism  o f  d e g ra d a tio n  in  th e  
m o d e l sy s te m  is s im ila r to  th a t  in  th e  b e e t 
p u re e . I t  is o f  in te re s t  to  n o te  th a t  th e  k 
v a lu e  (0 .0 2  a t 1 0 0 °C ) fo r  b e ta n in  in  b e e t 
p u re e  w as id e n tic a l  to  th e  k  va lue  (0 .0 2 4  
a t 1 0 0 °C ) fo r  b e ta n in  in  b e e t ju ic e . T h is 
again  in d ic a te s  a p ro te c tiv e  e ffe c t  in  
p u re e  a t th e  n a tu ra l  pH  (4 .9 )  w h e n  c o m 
p a red  to  th e  k v a lu e  (0 .0 4 8  a t 1 0 0 °C ) 
o b ta in e d  fo r  b e ta n in  in  th e  m o d e l sy s te m .

T h e  d a ta  o n  k in e tic s  as c a lc u la te d  fo r  d eg 
ra d a t io n  o f  b e ta n in  in  m o d e l sy s te m s  
w o u ld  suggest th a t  b e e t p ig m e n ts  c a n n o t 
b e  u se d  as a fo o d  c o lo ra n t,  b e c a u se  o f  
th e ir  e x tre m e  h e a t  se n s it iv ity . E v en  th e  
p ro te c tiv e  e f fe c t n o te d  in  b e e t  ju ic e  a n d  
b e e t  p u re e  w o u ld  lim it th e  a p p lic a t io n . 
T o  in v es tig a te  i f  a g re a te r  p ro te c tiv e  e f
fe c t m ig h t e x is t in  so m e  fo o d s , b e e t  p ig 
m e n t w as a d d e d  as a c o lo ra n t  to  so m e  
p ro d u c ts  (v o n  E lb e  a n d  M aing, 1 9 7 3 ). 
C o lo r lo ss  w as m ea su re d  in  te rm s  o f  
H u n te r  re f le c ta n c e  v a lu es a n d  e x p re sse d  
as L , aL , b L , t a n '1 a /b ,  (a 2 +  b 2 )1/2 a n d  
A E  = [ ( L ,  -  L 2 )2 + (3 l  -  a 2 )2 + ( b ,  -  
b 2 )2 ] 1/2. T ab le  5 sh o w s se le c te d  d a ta  o b 
ta in e d  w ith  so y  p ro te in ,  p ro te in  gels an d  
tw o  ty p e s  o f  sausage  (su m m e r  sausage  
an d  b o lo g n a )  th a t  w e re  c o lo re d  w ith  b e ta 
n in . T h e  sausages w e re  p re p a re d  w ith o u t  
n i tr a te  o r  n i tr i te ,  a n d  th e  c h a ra c te r is tic  
c u re d  m e a t c o lo r  w as p ro d u c e d  o n ly  by  
b e ta la in  p ig m e n ts  (v o n  E lb e  e t a l., 1 9 7 4 ). 
D ata  o n  c o lo r  in d ic a te  th a t  c h an g e s  d u r 
ing s to ra g e  w ere  v e ry  sm all a n d  i l lu s tra te  
th a t  th e  c o lo r  in  p ro d u c ts  is m o re  s ta b le  
th a n  th e  c o lo r  o f  th e  m o d e l sy s te m s  
w o u ld  in d ic a te . F u r th e r m o r e ,  th e y  p o in t  
o u t  th a t  th e  p ro te c tiv e  e f fe c t  in  th e s e

Table 3 —D egradation rates8 fo r  be tan in  so lu tions as a fu n c tio n  o f 
tem pera ture  a t pH  5.0 and 7.0

Tem perature pH  ± 0 .05 k (m in ) '1 X 10"3 T y2 (m in ) ± CEb

5.0 0.61 1150 + 100
25 ± 1 7.0 6.2 110 ± 10

5.0 2.2 310  ± 30
50 + 1 7.0 13.8 50 ± 5

5.0 7.8 9 0  ± 10
75 ± 1 7.0 35 20 ± 2

8 Average o f  tr ip lic a te  observations 
b CE = m a x im u m  ca lcu la ted e rro r

Table 5 —H un te r c o lo r re flectance values o f fo o d  systems co lo red  w ith  beet p igm en t and 
stored at 4°C

Food p ro d u c t

H un te r
co lo r

reflectance
values

Protein-gel 
pH  5.0

Soy p ro te in  
pH 6.4

Sum m er sausage 
pH 4 .8

Bologna 
pH  5.8

0 16 0 16 0 7 0 7

L 15.4 16.9 58.7 59.6 42 .7 45 .2 47 .9 46 .2
aL 3.9 2.9 21.3 20.0 10.1 11.1 11.7 10.7

b L -0 .9 -0 .3 4 .5 5.6 7.2 7.3 10.7 11.1
tan "1 a /b -7 7 .0 -8 4 .1 78.1 74.4 54.5 56.6 47 .5 44 .0
(a2 + b 2 )Vl 4 .0 2.9 31.8 20.8 12.4 13.3 15.9 15.4
AE - 1.8 - 1.8 — 2.7 — 2.0
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p ro te in  fo o d s  ex is ts  a n d  is a d e q u a te  to  
m ak e  use  o f  b e ta la in s  as fo o d  c o lo ra n ts  
p ra c tic a l.

Influence of lig h t and/or air
T he se n sitiv ity  o f  b e ta n in  to  d e g ra d a 

t io n  b y  lig h t a n d /o r  a ir w as d e te rm in e d  
b y  s to r in g  b e ta n in  so lu t io n s  a t  p H  7 .0  
u n d e r  a ir o r  n i tro g e n  w ith  o r  w i th o u t  
e x p o su re  to  lig h t fo r  6 d a y s  a t 15°C . P re s
e n ce  o f  a ir  in c re a sed  th e  ra te  o f  d e g ra d a 
t io n  b y  14 .6  ± 0 .5 %  a n d  lig h t by
15 .6  ± 0 .5 % . T h e  in c re ase  in th e  ra te  o f  
d e g ra d a tio n  c au sed  b y  e x p o su re  to  air 
and  lig h t w as 2 8 .6  ± 0 .5 %  in d ic a tin g  th a t  
th e se  e f fe c ts  a re  c u m u la tiv e . T h ese  re su lts  
d e m o n s tra te  th e  se n s itiv ity  o f  b e ta n in  to  
a ir a n d /o r  lig h t a n d  th e  n eed  to  p ro te c t  
p ro d u c ts  c o n ta in in g  b e ta n in  ag a in st lo n g  
e x p o su re  to  a ir  o r  lig h t. T h is  ag rees w ell 
w ith  th e  o b se rv a tio n  b y  V ilece  e t  al.
(1 9 5 5 )  th a t  a sm all a m o u n t o f  o x y g e n  
(6% ) in  th e  h e ad sp ac e  o f  a c an  o f  s te r i
lized  b e e t  p u re e  w as su ff ic ie n t to  cau se  
b ro w n in g  n e a r  th e  su rface .

CONCLUSIONS
R E S U L T S  o f  th e se  e x p e r im e n ts  in d ic a te  
th a t  th e  c o lo r  o f  b e ta n in  is s ta b le  w h e n  
th e  p H  v a lu e  is p ro p e r  and  is re la tiv e ly  
h e a t lab ile  in  u n p ro te c te d  sy s tem s.

T h e  c o lo r  in  m o d e l sy s te m s  is m o s t 
s ta b le  b e tw e e n  pH  4 .0  a n d  6 .0 . T h e  
th e rm o s ta b il i ty  o f  b e ta n in  in  m o d e l sy s

te m s  is p H  d e p e n d e n t  a n d  g re a te s t  in  th e  
ran g e  o f  pH  4 .0  a n d  5 .0 . T h e  th e rm o 
s ta b il i ty  o f  b e ta n in  in  b e e t ju ic e  an d  b e e t 
p u re e  is g re a te r  th a n  th a t  o b se rv ed  w ith  
m o d e l sy s te m , su g g estin g  a p ro te c tiv e  
e ffe c t.  T h is p ro te c tiv e  e f fe c t a lso  a p 
p e a re d  w ith  so m e  fo o d s  th a t  c o n ta in e d  
a d d e d  b e ta n in . B ased o n  th e  d a ta  p re 
se n te d , it is c o n c lu d e d  th a t  u n d e r  se lec te d  
c o n d it io n s  b e ta la in  p ig m e n ts  sh o u ld  fin d  
a p p lic a t io n  as fo o d  c o lo ra n ts .
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INACTIVATION AND REGENERATION OF IMMOBILIZED CATALASE

INTRODUCTION
C A T A L A S E  im m o b iliz ed  o n  d if fe re n t  
c a rrie rs  has b een  re p o r te d  q u ite  e x te n s iv e 
ly . T h e  c a rrie rs  u sed  in c lu d e d  d ie th y la m i-  
n o e th y l  (D E A E ) ce llu lo se  (M itz , 1 9 5 6 ), 
P a r a - a m i n o - s t y r e n e  (B ra n d e n b e rg e r ,  
1 9 5 6 ), s e m ip e rm e a b le  c o llo d io n  m ic ro 
c ap su le s  (C h an g  an d  P o z n a n sk y , 1 9 6 8 ) 
a n d  c h e e se c lo th  (B a lco m  e t al. 1 9 7 1 ). 
T h e  m e th o d  o f  im m o b iliz a tio n  in c lu d es  
e n tra p p in g , co v a len t b o n d  fo rm a t io n  an d  
c ro ss-lin k in g  th ro u g h  c ro ss-lin k in g  a g en ts  
su ch  as g lu ta ra ld e h y d e . T h e  a p p lic a tio n s  
o f  im m o b iliz ed  ca ta la se  in fo o d  p ro c ess
ing has b e en  d iscu ssed  b y  B alcom  et al.
(1 9 7 1 ) . A c o m p a riso n  o f  th e  p e rfo rm a n c e  
o f  d if fe re n t  re a c to rs  using  im m o b iliz ed  
ca ta la se  w as re p o r te d  by  O ’N eill (1 9 7 2 ) . 
He re p o r te d  th a t  th e  se le c tio n  o f  re a c to r  
ty p e s  (su ch  as p lug  flow  o r  s tir re d  ta n k )  
d e p e n d s  o n  th e  re a c tio n  o rd e r  o f  c a ta la tic  
d e c o m p o s it io n  o f  h y d ro g e n  p e ro x id e . 
T h e  re a c tio n  m ec h an ism  o f  c a ta la tic  d e 
c o m p o s it io n  o f  h igh  c o n c e n tr a t io n  o f  
H 2 0 2 is still u n d e c id e d  in  th e  l i te ra tu re .  
A c co rd in g  to  th e  c a lc u la tio n s  o f  B o n n ich - 
sen  e t al. (1 9 4 7 ) ,  th e  d a ta  o b ta in e d  by  
m a n y  in v e s tig a to rs  do  n o t  fit th e  h y 
p e rb o lic  re la tio n s h ip  re q u ire d  b y  th e  
M ic h a e l i s - M e n te n  th e o ry .  M oreo v er, 
O gura  (1 9 5 5 )  re p o r te d  th a t  th ro u g h  th e  
“ q u e n c h in g ” te c h n iq u e , u sing  a ra p id  
flow  tw o -m ix e r  m e th o d , th e  re la tio n sh ip  
b e tw e e n  th e  ra te  o f  re a c tio n  an d  th e  su b 
s tra te  c o n c e n tr a t io n  f i t te d  th e  M ichaelis 
th e o ry .  O ne o f  th e  d iff ic u ltie s  in  o b ta in 
ing tru e  k in e tic  d a ta  is th e  fa c t th a t  c a ta 
lase is in a c tiv a te d  ra p id ly  a t h ig h  h y d r o 
gen p e ro x id e  c o n c e n tra t io n .

H ere  w e re p o r t  c a ta la se  im m o b iliz ed  
o n  co llag en  w h ich  h as b e e n  used  to  
im m o b iliz e  m an y  e n z y m e s  (V ie th  e t al. 
1 9 7 2 a , b ; 1 9 7 3 ; W ang an d  D iM arco , 
1 9 7 2 ; W ang an d  V ie th , 1 9 7 3 ; V e n tk a tsu -  
b ra m a n ia n  e t a l., 19 ”72 ). T h e  re a c to r  
se lec te d  fo r th is  s tu d y  w as th a t  o f  a plug- 
flo w  ty p e .

MATERIALS & METHODS
Preparation of the active membrane

C o lla g e n  f r o m  c o w  h id e  w a s  o b t a i n e d  f r o m  
th e  U S D A  E a s te r n  R e g io n a l  R e s e a r c h  L a b o r a 
to r i e s ,  P h i l a d e lp h ia ,  P a . ;  b e e f  l iv e r  c a ta la s e  f r o m  
W o r th in g to n  C o r p . ,  F r e e h o l d ,  N .J .

A ll o t h e r  m a te r ia l s  w e r e  o f  C .P .  g r a d e .
20g o f  w e t  c o l la g e n  w a s  s u s p e n d e d  in  d is 

t i l le d  w a te r  t o  a  v o lu m e  o f  2 0 0  m l .  p H  w a s  
b r o u g h t  t o  4 .5  b y  th e  s lo w  a d d i t i o n  o f  I N  HC1 
w i th  c o n s t a n t  s t i r r in g .

T h e  d i s p e r s io n  w a s  h o m o g e n iz e d  w i th  a 
b le n d e r  u n t i l  a  v is c o u s  d i s p e r s io n  w a s  o b ta in e d .  
T h is  s t e p  w a s  d o n e  th r e e  o r  f o u r  t im e s  w i th  
c o o l in g  in te r v a l s  b e tw e e n  th e m .  B e e f  l iv e r  c a t a 
la s e  ( 1 0 0  m g )  w a s  t h e n  a d d e d  a n d  t h e  d i s p e r 
s io n  w a s  a g a in  h o m o g e n iz e d .  D e g a s in g  w a s  d o n e  
b y  v a c u u m .

T h e  d i s p e r s io n  w a s  c a s t  o n  a  p la s t i c  s h e e t  t o  
a b o u t  2 m m  th i c k n e s s  a n d  w a s  a ir  d r ie d  a t  r o o m  
t e m p e r a t u r e  f o r  4 0  h r .  A f te r  d r y in g ,  t h e  f i lm  
w a s  e a s i ly  d e t a c h e d  f r o m  th e  p la s t i c  s h e e t .

In  s o m e  e x p e r i m e n t s ,  t h e  d r ie d  m e m b r a n e  
w a s  t a n n e d  w i th  g lu t a r a ld e h y d e .  T h e  f i lm  w a s  
s o a k e d  f o r  15  s e c  in  1 0 %  g lu t a r a ld e h y d e  s o lu 
t i o n ,  p H  8 .0 .  A f t e r  t h a t ,  t h e  f i lm  w a s  w a s h e d  
w i th  r u n n in g  t a p  w a te r  t o  r e m o v e  u n b o u n d  
g lu t a r a ld e h y d e .

Preparation of the module
D rie d  f i lm s  w e re  l a y e r e d  o n  a  s u p p o r t i n g  

m a te r ia l  s u c h  a s  c o t t o n  d o t h .  T h e y  w e re  r o l l e d  
a r o u n d  a  g la s s  r o d  t o  f o r m  a m o d u le .  T h e  
m o d u le  w a s  t h e n  f i t t e d  in to  a  g la ss  c o lu m n  to  
f o r m  a r e a c t o r .

T h e  s u b s t r a t e  s o lu t io n  w a s  p u m p e d  t o  th e  
lo w e r  s id e  o f  t h e  m o d u le  b y  a  z e r o - m a x  p u m p ,  
( t y p e  C C W 2 w ith  S ig m a m o to r  m o d e l  T 8 ) .  A ll 
t h e  e x p e r im e n t s  w e re  d o n e  b y  c o n t i n u o u s  f lo w  
o f  s u b s t r a t e  t h r o u g h  s u c h  a  r e a c t o r .  F lo w  r a te  
in  th e s e  e x p e r im e n t s  w a s  5 m l /m i n  a n d  w a s h in g  
w a s  d o n e  b y  a  2 -m in  f lu s h in g  a t  4 5  m l /m i n  w i th  
0 .0 1 M ,  p H  6 .8  p h o s p h a te  b u f f e r .

Determination of catalase activity
T h e  m e t h o d  o f  H e r b e r t  ( 1 9 5 5 )  w a s  u s e d .  

T h is  m e t h o d  is b a s e d  o n  a n  io d o m e t r i c  a s s a y  o f  
th e  H 2 0 2 c o n c e n t r a t i o n  b e f o r e  a n d  a f t e r  th e  
c a ta la s e  r e a c t io n .  T o  c h e c k  th e  f r e e  e n z y m e  
a c t iv i t y ,  1 m l o f  e n z y m e  s o l u t i o n  in  0 .0 1 M  
s o d iu m  p h o s p h a t e  b u f f e r  p H  6 .8  w a s  m ix e d  
w i th  5 m l o f  0 . 0 1M  H 2 0 2 in  t h e  s a m e  b u f f e r .  
T h e  r e a c t io n  w a s  s t o p p e d  3 0  s e c  a f t e r  m ix in g  
b y  th e  r a p id  a d d i t i o n  o f  2  m l  1N  H 2 S 0 4 .

T o  d e t e r m i n e  th e  c o n c e n t r a t i o n  o f  H 2 0 2 
l e f t  in  t h e  r e a c t io n  m ix t u r e ,  0 .5  m l o f  1 0 %  K1 
w a s  a d d e d ,  f o l l o w e d  b y  o n e  d r o p  o f  1%  
a m m o n iu m  m o l y b d a t e .  A  y e l lo w  c o lo r  d e v e l 
o p e d  in  a b o u t  1 m in .  A  t i t r a t i o n  w a s  d o n e  w i th  
0 .0 2 N  N a 2 S 2 0 3 . W h e n  th e  c o l o r  h a d  a lm o s t  
d i s a p p e a r e d ,  a  d r o p  o f  s t a r c h  s o l u t i o n  w a s  
a d d e d  a n d  a  b lu e  c o lo r  i m m e d ia t e ly  d e v e l o p e d .  
T h is  c o lo r  w a s  t h e n  t i t r a t e d  w i th  t h e  t h i o s u l f a t e  
s o lu t io n  to  t h e  e n d  p o in t .

T h e r e  a r e  tw o  w a y s  in  a s s a y in g  th e  b o u n d  
e n z y m e  a c t iv i t y .  F i r s t ,  t h e  a c t iv e  m e m b r a n e  in  
th e  m o d u le  w a s  a s s a y e d  a n d  t h e  s p e c i f i c  a c t iv 
i ty  a t  s t e a d y  s t a t e  w a s  d e t e r m i n e d  a c c o r d i n g  t o  
t h e  c o n c e n t r a t i o n  o f  t h e  H 2 0 2 in  t h e  e n t e r in g  
a n d  o u tg o in g  s o lu t io n s .  T h e  r e s id e n c e  t im e  w a s  
th e  m e a s u r e  o f  t h e  r e a c t io n  t im e .

S e c o n d ,  t h e  m e m b r a n e  w a s  g r o u n d  i n t o  
p o w d e r  a n d  d i s p e r s e d  in  t h e  p h o s p h a t e  b u f f e r  
t o  e l im in a t e  d i f f u s io n a l  r e s i s ta n c e .  T h e  d i s p e r 
s io n  w a s  a s s a y e d  a s  t h e  p r o c e d u r e  u s e d  f o r  t h e  
f r e e  e n z y m e .

Recovery of the enzymatic activity 
of the bound enzyme

T h e  m e m b r a n e  w a s  f i r s t  i n a c t i v a t e d  b y  th e  
H 2 0 2 s o lu t io n  a t  d i f f e r e n t  c o n c e n t r a t i o n s .  T h e  
m e m b r a n e  w a s  t h e n  w a s h e d  w i th  t h e  p h o s p h a t e  
b u f f e r  a n d  i n c u b a te d  in  i t  f o r  d i f f e r e n t  l e n g th s  
o f  t im e .  A f te r  i n c u b a t i o n  in  t h e  b u f f e r ,  t h e  
m o d u le  w a s  w a s h e d  f o r  2  m in  w i th  t h e  s u b 
s t r a t e  s o lu t io n  a n d  th e  a c t i v i t y  a g a in  a s s a y e d .  
T h e  w a s h in g  s te p s  w e re  n e c e s s a r y  t o  r e m o v e  t h e  
b u f f e r  o r  s u b s t r a t e  l e f t  in  t h e  r e a c t o r .

RESULTS
E n zy m e  a c tiv ity

T h e  fo llo w in g  sp ec if ic  a c tiv it ie s  o f  
d if fe re n t c a ta la se  p re p a ra tio n s  w as de- 
:e rm in e d .

F re e  e n z y m e . A so lu t io n  o f  0 .0 2  
m g /m l ca ta la se  in  0 . 0 1M p h o s p h a te  b u f f 
er pH  6 .8  w as m ad e . T h is p re p a ra t io n  h ad  
an  a c tiv ity  o f  18 7 0  in te rn a t io n a l  u n i ts  p e r 
m g ca ta la se .

Table 1—Loss o f a c tiv ity  du ring  the  p reparation o f the  active 
m embrane

Sample
A c t iv ity  
in  lU /m g

% S pec ific  a c tiv ity  
o f the  free enzym e

Free catalase 1870 100
Bound catalase be fore tann ing 492 26.3
Bound catalase a fte r tann ing 61 3.3
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IMMOBILIZED CATALASE-339

B o u n d  e n z y m e  w ith  n o  ta n n in g . T h e
ca ta la se  w as b o u n d  to  th e  co llag en  m e m 
b ra n e  a cc o rd in g  to  th e  m e th o d  d esc rib e d  
b e fo re . T h e  c o n c e n tr a t io n  o f  th e  c a ta la se  
in  th e  d ried  m e m b ra n e  w as 3 .2%  (w /w ). 
A d isp e rs io n  o f  2 m g /m l ac tiv e  film  in 
p h o sp h a te  b u f fe r  w as c h e c k e d  fo r  th e  
e n z y m e  a c tiv ity , a n d  w as fo u n d  to  b e  4 9 2  
IU /m g  c a ta la se .

Im m o b iliz e d  e n z y m e  a f te r  ta n n in g . A
d rie d  film  w as ta n n e d  as d e sc rib e d  an d  
th e n  w a sh e d , g ro u n d  (lik e  th e  u n ta n n e d  
o n e )  in  a b u f fe r  a n d  th e  a c tiv ity  w as 
fo u n d  to  be  61 IU /m g  c a ta la se .

As sh o w n  in  T ab le  1, a f te r  th e  im 
m o b iliz a tio n  p ro cess , th e  ca ta la se -co lla 
gen m e m b ra n e  c o m p le x  re ta in e d  26 .3 %  
o f  th e  in it ia l  a c tiv ity . T h e  ta n n in g  p ro c ess  
re d u c e d  th e  a c tiv ity  re ta in e d  to  3 .3% . A t 
th is  p o in t,  a d e c is io n  h a d  to  be  m ad e  as 
to  w h e th e r  ta n n in g  is a n e ce ss ity  o r  n o t .  
W hen  a n  u n ta n n e d  a c tiv e  m e m b ra n e  w as 
c o n tin u o u s ly  w ash ed  o v e rn ig h t w ith  
0 .0 1M, pH  6 .8  p h o s p h a te  b u f fe r ,  th e  
a c tiv ity  re ta in e d  w as 32%  o f  th e  u n 
w ash ed  m e m b ra n e . T h e  a c tiv ity  lo s t (68%  
o f  th e  o rig in a l a c t iv ity )  w as m a in ly  d u e  to  
th e  leach in g  o f  th e  lo o se ly  b o u n d  e n 
z y m e . T a n n in g  c re a te s  c ro ss-lin k s b e 
tw e e n  p ro te in  m o le c u le s  in  th e  m e m 
b ra n e . I t  is e x p e c te d  th a t  tan n in g  
im p ro v es  th e  re te n ta b i l i ty  o f  th e  e n zy m e  
o n  th e  m e m b ra n e . W hile th is  p ro c ess  w as 
su ccess fu lly  u se d  in  u re ase , g lu co se  o x i
dase  a n d  w h o le  cell im m o b iliz a t io n  o n  
co llag en  (W ang a n d  V ie th , 1 9 7 3 ; V ie th  e t 
a l., 1 9 7 2 a , b ; 1 9 7 3 ; S a in i e t  a l., 1 9 7 2 ), it 
is n o t  su ita b le  fo r  th e  im m o b iliz a t io n  o f  
ca ta la se . T h e  ta n n in g  p ro c ess  i ts e lf  in 
a c tiv a te s  m o re  e n z y m e  th a n  it c an  save. 
C o n se q u e n tly , th e  m e m b ra n e s  u se d  in  th e  
fo llo w in g  e x p e r im e n ts  w e re  u n ta n n e d . 
W hen  su c h  m e m b ra n e s  w e re  m ad e  an d  
k e p t a t 4 °C , th e y  w ere  s ta b le  fo r  m o re  
th a n  5 m o n th s .

In a c tiv a t io n  o f  th e  im m o b iliz e d  
c a ta la se  d u rin g  a c o n tin u o u s  flo w  
o f  H 2 0 2 th ro u g h  th e  m o d u le

A s sh o w n  in  F ig u re  1, w h e n  0 . 0 1M 
H 2 0 2 w as u se d , th e re  w as a g ra d u a l d e 
c rea se  in  e n z y m e  a c tiv ity  d u rin g  th e  f irs t 
10 d ay s. N o e n z y m e  a c tiv ity  w as fo u n d  in 
th e  o u tg o in g  s o lu t io n , a n d  it is a ssu m ed , 
th e re fo re ,  th a t  th e  d ec re a se  in  a c tiv ity  
w as n o t  d u e  to  leach in g  b u t  to  in ac tiv a 
t io n .

A f te r  th e  f irs t  10 d ay s , th e  e n zy m e  
a c tiv ity  w as s ta b le  fo r  a n o th e r  10 d ay s. 
T h e  s ta b iliz e d  level w as a b o u t  1 /6  o f  th e  
o rig in a l a c tiv ity . In  th e  n e x t 13 days, 
th e re  w as a s lo w  in a c tiv a tio n  v /h ich  
s to p p e d  a t a b o u t  1 /1 5  o f  th e  o rig ina l 
a c tiv ity . T h e  m o d u le  w as still a c tiv e  w h en  
th e  e x p e r im e n t w as te rm in a te d  a f te r  4 4  
d a y s  o f  c o n tin u o u s  o p e ra t io n .

A s sh o w n  in  F ig u re  2 , w h e n  0 .1M  
H 2 0 2 w as u se d , in a c t iv a tio n  o c c u rre d  in 
a few  h o u rs . T h e re  w as n o  s ta b il iz a tio n  o f  
a c t iv ity  a t tw o  levels, b u t  o n ly  a g rad u al 
d ec rease  in  e n z y m e  a c tiv ity  to w a rd  c o m 
p le te  in a c tiv a tio n .

R e g e n e ra tio n  o f  c a ta la se  a c tiv ity  
in  a m o d u le

In a c tiv a tio n  o f  th e  im m o b iliz ed  c a ta 
lase  c o u ld  be  rev ersed  by in c u b a tio n  o f  
th e  m o d u le  in  0 .01  M p h o s p h a te  b u ffe r , 
p H  6 .8 .

T h e  re co v e ry  p ro cess  w as s tu d ie d  a f te r  
in a c t iv a tio n  o f  a m o d u le  w ith  0 .1M  
H 2 0 2 . T h e  m o d u le s  w e re  w ash ed  th o r 
o u g h ly  w ith  p h o s p h a te  b u f fe r  a f te r  in 
a c t iv a t io n  an d  th e n  in c u b a te d  in  p h o s 
p h a te  b u f fe r  fo r  a c e r ta in  p e r io d  o f  
re g e n e ra tio n  tim e . T h e  re g e n e ra te d  m o d 
u le  w as f lu sh e d  w ith  su b s tra te  so lu t io n  
b e fo re  te s tin g .

As sh o w n  in  F ig u re  3 , th e  re co v e ry  o f  
a c tiv ity  w as v e ry  sm all w ith  a sh o r t  in c u 
b a tio n  tim e . O n ly  a f te r  3 h r  o f  in c u b a tio n

w as so m e m ea su ra b le  re co v e ry  d e te c te d . 
T h e  d eg ree  o f  re c o v e ry  is d ire c tly  p ro p o r 
t io n a l  to  th e  le n g th  o f  in c u b a t io n  tim e . 
H o w ev er, th e  h ig h er th e  a c tiv ity  re g en e r
a te d ,  th e  s te e p e r  is th e  in a c tiv a tio n  cu rve  
w h en  th e  m o d u le  is e x p o se d  to  h y d ro g e n  
p e ro x id e  again .

DISCUSSION
P re p a ra tio n  o f  th e  ac tiv e  m e m b ra n e

In  using  co llag en  as a c a rr ie r  fo r  e n 
z y m e  im m o b iliz a t io n  (W ang an d  V ie th , 
1 9 7 3 , V ie th  e t al. 1 9 7 2 a , b ;  1 9 7 3 ), th e  
f irs t a n d  c ru c ia l s te p  is to  m a k e  a p ro p e r  
d isp e rs io n  a n d  m e m b ra n e . C o llag en o u s 
tis su e s  a re  n o t  so lu b le  in  w a te r , a n d  th e  
d isp e rs io n  is u su a lly  m ad e  b y  u sing  a 
c h em ica l d isp e rsin g  a g e n t, su c h  as c y an o - 
a ce tic  ac id , la c tic  ac id , h y d ro c h lo r ic  acid , 
c itra te  b u f fe r  (p H  3 —4 .5 ) ,  T ris b u f fe r  (p H
9 —12), e tc . W hen c o lla g en o u s  tis su es  are  
t r e a te d  w ith  th e se  c h em ica ls , o n ly  a sm all 
p o r t io n  o f  th e  to ta l  co llag en  is so lu b il
iz e d , a n d  w h a t is o b ta in e d  is a n  aggre
g a ted  co llag en  f ib rilla r  d isp e rs io n  (B eck e r, 
1 9 5 6 ; H o c h s ta d t a n d  L ie b e rm a n , 1 9 6 0 ). 
T h e  d eg ree  o f  ag g reg a tio n  seem s to  d e 
p e n d  o n  th e  k in d  o f  d isp e rsin g  ag en t 
u sed . T h is  is in d ic a te d  by  th e  s tre n g th  o f 
th e  a ir-d ried  m e m b ra n e  w h e n  it is c o n 
ta c te d  w ith  w a te r . T h e  m e m b ra n e  m ad e  
fro m  c y a n o a c e tic  a c id , o r  la c tic  acid  d is
p e rs io n  lo ses i ts  s t r u c tu r e  a n d  goes b ack  
to  a d isp e rs io n  in  w a te r , w h e rea s  th e  
m e m b ra n e  m ad e  f ro m  h y d ro c h lo r ic  acid  
d isp e rs io n  re ta in s  i ts  s t ru c tu re  in  th e  sam e 
p ro c ess . (T h e  a c id i ty  o f  th e  d isp e rs io n s  is 
p H  4 .5 ) . C o n se q u e n tly , w h e n  a m e m 
b ra n e  is m ad e  w ith  la c tic  acid  o r  c y a n o 
a c e tic  ac id , it is n ece ssa ry  to  go th ro u g h  
th e  p ro c ess  o f  ta n n in g  (W ang and  V ie th ,
1 9 7 3 ), o r  a n  a n n ea lin g  p ro cess  (V ie th  e t 
al. 1 9 7 2 a , b ; 1 9 7 3 )  to  c re a te  m o re  c ro ss
lin k s  b e tw e e n  m o le c u le s  an d  co llagen

F i g  i  — I n a c t i v a t i o n  o f  c o l l a g e n - c a t a l a s e  m o d u l a r  r e a c t o r  w i t h  0 . 0 1  M  F i g .  2 — I n a c t i v a t i o n  o f  c o l l a g e n - c a t a l a s e  m o d u l a r  r e a c t o r  w i t h  0 . 1  M

H20 2. H 20 2'
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f ib rils . B u t th e se  p ro cesses  a re  n o t  n e ce s
sa ry  fo r  m e m b ra n e  m ad e  w ith  h y d ro 
c h lo r ic  a c id . It is c lea rly  m o re  fa v o rab le  
to  use  h y d ro c h lo r ic  acid  th a n  th e  o th e r  
ac id s f ro m  b o th  e c o n o m ic a l an d  te c h n ic a l 
p o in ts  o f  v iew  p ro v id e d  th a t  th e  m e m 
b ra n e s  m ad e  possess th e  sam e b in d in g  
c a p a c ity  fo r  e n zy m es . A n  a t te m p t  w as 
m ad e  to  b in d  m o re  c a ta la se  to  co llag en  
b y  ta n n in g  th e  d ried  ca ta la se -co llag en  
m e m b ra n e  b u t  w as n o t  su ccess fu l b ecau se  
o f  th e  in a c tiv a tio n  o f  ca ta la se  d u rin g  th e  
ta n n in g  p ro c ess . S ince th e  m e m b ra n e  
m ad e  fro m  h y d ro c h lo r ic  acid  d isp e rs io n  
re ta in s  its  s tru c tu re  w ith o u t  fu r th e r  
c ro ss-lin k in g  t r e a tm e n t,  th e  ta n n in g  p ro c 
ess w as e lim in a te d  in  m ak in g  th e  ac tiv e  
c a ta la se -co llag en  m e m b ra n e .
Inactivation of the active membrane in a module

In a c tiv a tio n  o f  im m o b iliz ed  c a ta la se  
o n  co llag en  h as  a h ig h e r r a te  a t  0 .1M  
H 2 0 2 th a n  a t  0 .0 1M H 2 0 2 . T h is re su lt is 
in  a g re e m e n t w ith  th a t  re p o r te d  by  M iller
(1 9 5 8 )  a n d  G eo rg e  (1 9 4 7 ) .  B alcom  a n d  
F o u lk e s  (1 9 7 1 )  re p o r te d  th e  lo ss o f  a b o u t  
70%  in itia l  a c tiv ity  a f te r  3 5 0 0  m l o f  
0 .0 5 %  H 2 0 2 passed  th ro u g h  a c o lu m n  
c o n ta in in g  1 1 .5g o f  c a ta la se -ch e esec lo th  
c o m p le x  m ad e  fro m  g lu ta ra ld e h y d e  c o u 
p lin g . A s sh o w n  in  F ig u re  1, th e  s tab le  
lim it o f  c a ta la se  im m o b iliz ed  o n  co llag en  
in d ic a te s  a lo ss o f  84%  o f  i ts  in it ia l  a c tiv ity  
a f te r  7 2 ,0 0 0  m l o f  0 .0 1M H 2 0 2 passed  
th ro u g h  th e  m o d u le . T h is  re su lt  in d ic a te s  
th a t  c a ta la se  im m o b iliz ed  o n  co llag en  
seem s to  be  m o re  s ta b le  th a n  th a t  im 
m o b iliz e d  o n  c h e e se c lo th . N ev erth e le ss , 
b o th  th e  re su lts  r e p o r te d  h e re  a n d  th a t  b y  
B a lco m  a n d  F o u lk e s  (1 9 7 1 )  sh o w ed  
ra th e r  ra p id  in a c tiv a tio n  o f  im m o b iliz ed  
c a ta la se  as c o m p a re d  to  o th e r  e n zy m es 
im m o b iliz e d  o n  co llag en  (W ang e t al.

1 9 7 3 ). T h is  m ay  w ell b e  e n o u g h  to  d is
c o u rag e  th e  use  o f  im m o b iliz e d  c a ta la se  
in  c o n tin u o u s  d e s tru c t io n  o f  re s id u a l 
H 2 0 2 in  m ilk  as p a r t  o f  a c o n tin u o u s  
ch eese  m ak in g  p ro p o s it io n .  H o w ev er, th e  
p h e n o m e n o n  o f  re g e n e ra t io n  o f  im m o b i
lized  ca ta la se  a c tiv ity  as re p o r te d  h e re  
o ffe rs  so m e  e n c o u ra g e m e n t.

Regeneration of inactivated immobilized catalase
T h e  re g e n e ra t io n  o f  in a c tiv a te d  im 

m o b iliz e d  ca ta la se  has n o t  b e en  re p o rte d  
b e fo re  in th e  l i te ra tu re .  A lth o u g h  th e  
re g e n e ra tio n s  o f  th e rm a lly  in a c tiv a te d  
free  c a ta la se  a n d  p e ro x id a se  w ere  n o te d  
in  h ig h - te m p e ra tu re  sh o r t- t im e  (H T S T ) 
p ro cessed  c an n e d  fo o d s  (G u y e r  an d  
H o lm q u is t,  1 9 5 4 ; E sse len , 1 9 5 0 ; F a rk a s  
e t a l., 1 9 5 6 ; Z o u e il a n d  E sse len , 1 9 5 9 ; 
V e tte r  e t a l., 1 9 5 9 ; Y a m a m o to  e t a l., 
1 9 6 2 ; R e sen d e  e t  a l., 1 9 6 9 ) a n d  in  m o d e l 
sy s te m s (Jo f fe  an d  B all, 1 9 6 2 ; W ang an d  
D iM arco , 1 9 7 2 ). T h e  m ec h an ism  o f  th e  
re g e n e ra t io n  o f  th e  th e rm a lly  in a c tiv a te d  
c a ta la se  is u n k n o w n . H o w ev e r, th e  c a ta 
lase m o le c u le  h a s  b e en  r e p o r te d  to  co n sis t 
o f  fo u r  su b u n its  (T a n fo rd  a n d  L o v rien , 
1 9 6 2 ; V a le n tin e , 1 9 6 4 ). T h e  su b u n its  can  
be  fo rm e d  b y  ly o p h il iz a t io n , ac id  t r e a t 
m e n t,  a lk a li t r e a tm e n t  a n d  o th e r  m ean s. 
S am ejim a  a n d  Y an g  (1 9 6 3 )  w ere  ab le  to  
a lm o st c o m p le te ly  re g e n e ra te  th e  acid  
d e n a tu re d  e n z y m e  w ith  90%  r e tu r n  o f  th e  
in it ia l  a c tiv ity  p ro v id ed  th a t  th e  e n z y m e  
su b u n its  w e re  n o t  a llo w ed  to  s ta n d  a t low  
pH  lo n g  e n o u g h  to  a llo w  th e  fo rm a t io n  o f  
p re c ip ita te s . H o w ev er, th e  m ec h an ism  o f  
ca ta la se  in a c tiv a tio n  b y  h y d ro g e n  p e r
o x id e  a t h ig h  su b s tra te  c o n c e n tr a t io n  is 
a lso  u n k n o w n . T h e re  is n o  d ire c t e v id en ce  
as to  th e  p o ss ib le  d is so c ia tio n  o f  th e  c a ta 
lase m o le c u le  in to  s u b u n its  u n d e r  h igh  
H 2 0 2 c o n c e n tr a t io n . N ev erth e le ss , th e

re g e n e ra tio n  p h e n o m e n o n  o b se rv ed  h e re  
in d ic a te s  th a t  th e  in a c tiv a tio n  o f  th e  c a ta 
lase m o le c u le s  w h ic h  a re  h e ld  to  c o lla g en  
m o le c u le s  th ro u g h  m u lt ip le  l in k a g e s  o f  
h y d ro g e n  b o n d in g s , e le c tro s ta tic  a t t r a c 
tio n s  a n d  h y d ro p h o b ic  b o n d in g s , is re 
v e rsib le .

T h is  is a n  in te re s t in g  o b se rv a tio n , a n d  
c e r ta in ly  d ese rv es f u r th e r  in v e s tig a tio n s  
to  e lu c id a te  th e  m e c h a n ism s  o f  in a c tiv a 
t io n  a n d  re g e n e ra tio n .

F ro m  th e  a p p lic a t io n  p o in t  o f  v iew , 
th e  re co v e ry  o f  a c tiv ity  f ro m  in a c tiv a te d  
c a ta la se  m ig h t ch an g e  th e  id ea  o f  g iving 
u p  th e  use  o f  im m o b iliz e d  c a ta la se  in  
fo o d  p ro cess in g .
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SCANNING ELECTRON MICROSCOPE STUDIES ON DRY BEANS. 
Effects of Cooking on the Cellular Structure of Cotyledons 

in Rehydrated Large Lima Beans

INTRODUCTION
L E G U M E  SE E D S hav e  b e en  u sed  as 
h u m a n  fo o d  fo r m o re  th a n  80  c e n tu r ie s  
an d  a re  still o n e  o f  th e  m o s t im p o r ta n t  
so u rc es  o f  p ro te in  fo r  a large  se g m en t o f  
th e  w o rld  p o p u la t io n . C o m m erc ia l, d o 
m es tic  v a rie tie s  o f  leg u m es in c lu d e  th e  
d ry  seed s o f  th e  g en u s P h a s e o l u s ,  su ch  as 
large  d ry  L im a b e an s  (P . l u n a t u s )  and  th e  
w h ite  a n d  c o lo re d  c o m m o n  b e a n s  (P. 
v u l g a r i s ) .  C o o k in g  o f  d ry  b e an s  is n e ce s
sa ry  n o t  o n ly  to  te n d e r iz e  th e  seed  c o a t 
an d  c o ty le d o n  a n d  d ev e lo p  a c c e p ta b le  
flavor an d  te x tu re ,  b u t  a lso  to  m ak e  th e  
b ean  p ro te in  n u tr i t io n a lly  availab le . D ry  
b ean s a re  u su a lly  p re p a re d  fo r  fo o d  by  
so ak in g  in  w a te r  a t  a m b ie n t  te m p e ra tu re  
fo r  1 6 —24  h r  (o v e rn ig h t)  a n d  c o o k in g  in  
fresh  b o ilin g  w a te r  w ith  o r  w i th o u t  ta b le  
sa lt o r  o th e r  c o n d im e n ts  fo r  1 h r  o r 
lo n g er d e p e n d in g  u p o n  th e  v a r ie ty , age, 
s to rag e  h is to ry  a n d  o th e r  q u a li ty -d e p e n d 
e n t  fa c to rs . R e c e n tly  a  s im p le  p ro c ess  has 
b e e n  d e v e lo p ed  fo r  p re p a rin g  several 
ty p e s  o f  q u ic k -c o o k in g  L im a a n d  o th e r  
d ry  b e a n s  w h ic h  d ev elo p  m a x im u m  n u 
tr it iv e  v a lu e  a n d  d ig e s tib ili ty  a f te r  c o o k 
ing  fo r  15 m in  o r  less (R o c k la n d  e t  al.,
1 9 7 1 ). T h e  p ro c ess  c o n sis ts  o f: (1 )  lo o s
en in g  seed  c o a ts  b y  v a cu u m  in f il t r a t io n  in  
a d ilu te  s o lu tio n  o f  c o m m o n  in o rg an ic  
sa lts  in c lu d in g  so d iu m  c h lo r id e , so d iu m  
t r ip o l y p h o s p h a t e ,  so d iu m  b ic a rb o n a te  
an d  so d iu m  c a rb o n a te ;  a n d  (2 )  so ak in g  
a n d  re h y d ra t in g  th e  b e a n s  in  th e  sam e  sa lt 
so lu tio n . E m p irica l v a r ia tio n s  in  th e  sa lt 
fo rm u la t io n s , p ro cess in g  tim e  a n d  te m 
p e ra tu re  w ere  u sed  to  o p tim iz e  th e  p ro c 
ess fo r  in d iv id u a l b e a n  v a rie tie s . H o w ev er, 
th e  m ec h an ism  b y  w h ic h  th e  b e an s  are  
re n d e re d  q u ic k -c o o k in g  re m a in s  o b scu re . 
T h e re fo re  i t  w as o f  in te re s t  to  u t il iz e  th e  
sc a n n in g  e le c tro n  m ic ro sc o p e  (S E M ) to  
c h a ra c te r iz e  ch an g es in  L im a b e a n  c o ty le 
d o n  tis su e  th a t  a re  a sso c ia ted  w ith  th e  
n o rm a l c o o k in g  p ro c ess  a n d  to  d e te rm in e  
if  th e y  d if fe r  f ro m  th o se  w h ic h  o c c u r  
d u rin g  c o o k in g  o f  p ro c essed , sa lt-so ak e d , 
q u ick -c o o k in g  beans.

EXPERIMENTAL

IS O G E N E T 1 C , la rg e  d r y  L im a  b e a n s  (P. luna
tus, V a r .  V e n t u r a )  1 9 7 0  c r o p ,  w e re  o b t a in e d  
f r o m  t h e  U n iv e r s i ty  o f  C a l i f o r n ia ,  D a v is . T h e y

c o n t a i n e d  1 0 .3 %  m o i s tu r e  a n d  w e re  s to r e d  in  a 
s e a le d  p o l y e th y le n e  b a g  a t  1 0 ° C .

Rehydration and soaking of dry beans
S ta n d a r d  d r y  b e a n s  w e re  r e h y d r a t e d  b y  

s o a k in g  in  5  v o lu m e s  o f  d i s t i l l e d  w a te r  f o r  2 4  h r  
a t  2 0 °  C . Q u ic k - c o o k in g  ( s a l t - s o a k e d )  b e a n s  
w e re  p r e p a r e d  u s in g  th e  H y d ra v a c  v a c u u m  in 
f i l t r a t i o n  p r o c e s s  t o  a c c e l e r a t e  r e h y d r a t i o n  in  
a  s o l u t i o n  c o n ta in in g  1 .0 %  s o d iu m  c h lo r id e ,  
0 .5 %  s o d iu m  t r i p o l y p h o s p h a t e ,  0 .7 5 %  s o d iu m  
b i c a r b o n a t e  a n d  0 .2 5 %  s o d iu m  c a r b o n a t e  as 
d e s c r ib e d  p r e v io u s ly  ( R o c k la n d  a n d  M e tz le r ,  
1 9 6 7 ) .

Preparation of material for SEM studies
T h e  s e e d  c o a t  w a s  r e m o v e d  f r o m  th e  ra w  

w a te r - s o a k e d  o r  s a l t - s o a k e d  b e a n  a n d  o n e - h a l f  
o f  t h e  c o t y l e d o n  w a s  f r a c tu r e d  n e a r  th e  c e n t e r  
o f  t h e  m a jo r  a x is  b y  a  s u d d e n  f l e x u r e .  A  1 m m  
s lic e  p a r a l le l  t o  t h e  r u p t u r e d  s u r f a c e  w a s  e x 

c is e d ,  p la c e d  o n  a  g la ss  s l id e  a n d  ly o p h i l i z e d .  
C o o k e d  b e a n  s a m p le s  w e re  p r e p a r e d  b y  p la c in g  
w h o le ,  w a te r - s o a k e d  b e a n s  in  b o i l in g  w a te r  a n d  
c o o k in g  f o r  s p e c i f i e d  p e r io d s  o f  t im e  o r  u n t i l  
t h e y  b e c a m e  t e n d e r  a n d  e d ib le .  W a t e r - s o a k e d  
b e a n s  r e q u i r e d  4 5  m in  a n d  s a l t - s o a k e d  b e a n s  
r e q u i r e d  1 0  m in  to  c o o k  c o m p le t e l y  in  f r e s h  
b o i l in g  w a te r .  T h e  s e e d  c o a t  o f  e a c h  b e a n  w a s  
r e m o v e d  b y  h a n d  a n d  t h e  h o t  c o t y l e d o n  w a s  
f r a c t u r e d  in  t h e  s a m e  w a y  a s  t h e  r a w  b e a n s .  A  1 
m m  s l ic e  p a r a l le l  t o  t h e  r u p t u r e d  s u r f a c e  w a s  
e x c i s e d ,  p la c e d  o n  a  g la ss  s l id e  a n d  a i r - d r ie d .  
F o r  S E M  s tu d ie s  d r y  b e a n  s e c t io n s  w e r e  a t 
t a c h e d  t o  a  g la ss  s l id e  w i th  e l e c t r i c a l l y - c o n d u c t 
in g  c e m e n t  a n d  w e r e  c o a t e d  w i t h  g o ld  in  a 
v a c u u m  c h a m b e r  t o  m a k e  t h e  s a m p le  c o n d u c t 
in g  a n d  t o  e n h a n c e  e m is s io n  o f  s e c o n d a r y  e le c 
t r o n s .  I s o l a t e d  c e l ls  a n d  c e l l  w a ll  f r a g m e n ts  
c o n t a i n e d  in  a  d r o p  o f  a q u e o u s  s u s p e n s io n  w e re  
a i r - d r ie d  o n  a  g la s s  s l id e  b e f o r e  b e in g  c o a t e d  
w i th  g o ld .
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F i g .  2 — S e c t i o n  t h r o u g h  r a w ,  h y d r a t e d  L i m a  b e a n  c o t y l e d o n  .

RESULTS
R aw  b ean s

F ra c tu r in g  raw , tu rg id  w a te r-so a k e d  or 
th e  m o re  f lacc id  sa lt-so ak e d  c o ty le d o n s  
n o rm a lly  ru p tu re d  cell w alls, e x p o s in g  th e  
cell c o n te n ts .  H o w ev er, o c ca s io n a l fields, 
v iew ed  w ith  th e  SEM  c o n ta in e d  n e a r ly  
w h o le  cells w h ic h  re sem b led  o b la te  p las
tic  bags co lla p sed  o n to  th e  large , n e a r ly  
sp h e rica l s ta rc h  g ran u le s  in s id e  (F ig . 1). 
N o m a jo r  d iffe re n ce s  w ere  o b se rv ed  b e 
tw e e n  th e  cell s tru c tu re s  o f  raw , w a te r-  
so ak ed  a n d  th e  c o rre sp o n d in g  sa lt-so ak e d , 
q u ic k -c o o k in g  b e a n  c o ty le d o n s . H ow ever, 
u n d e r  th e  lig h t m ic ro sc o p e , th e  p ro te in a 
ceo u s c y to p la sm ic  m a tr ix  o f  ra w  cells 
a p p e a re d  to  b e  s lig h tly  m o re  g ra n u la r  in  
th e  sa lt-so ak e d  sam p le . S liced  su rfa ce s  o f 
raw  b e a n  c o ty le d o n s  w ere  s im ila r  to  th o se  
p ro d u c e d  b y  fra c tu r in g . V iew ed  in  th e  
SEM , th e  s liced  su rfaces  c o n ta in e d  n e a rly  
sp h e rica l s ta rc h  g ran u le s , averag ing  a b o u t  
25 Hm , c lo se ly  p a c k e d  w ith in  a h o n e y 
c o m b -lik e  s t ru c tu re  (F ig . 2). Irreg u la r  
m a tr ix  p a r tic le s , p re su m a b ly  p ro te in a 
ceo u s , o c c u p ie d  th e  sp aces a m o n g  th e  
s ta rc h  g ran u les . B o u n d a rie s  b e tw e e n  th e  
w alls o f  a d ja c e n t  raw  cells c o u ld  n o t  be 
d is tin g u ish e d  b y  e ith e r  o p tic a l o r scan 
n in g  e le c tro n  m ic ro sc o p y . A d ja c e n t cell 
w alls a p p e a re d  to  b e  c o n tin u o u s  w ith  th e  
m id d le  lam ella  e x c e p t  a t  th e  ju n c t io n s  o f  
th re e  o r  m o re  cells w h e re  in te rc e llu la r  
spaces o c c u rre d  (F ig . 2C ). W ashing  th e  
su rface  o f  fresh ly  c u t  se c tio n s  o f  raw  
c o ty le d o n s  re m o v e d  s ta rc h  g ran u le s  and  
th e  c y to p la sm ic  m a tr ix , e x p o sin g  in n e r  
cell w all su rfaces. Sm all p its , a rra n g e d  in  a 
sem i-o rg an ized  p a tte rn  w ere  p re se n t  in  
th e  m em b ran e s  w h ich  lin e d  th e  in te r io r  
w alls o f  cells f ro m  b o th  w a te r-  an d  salt-

so a k e d  bean s . T h ese  p its  w ere  a lso  seen  
o n  frag m e n ts  o f  iso la te d  cell w all p re p a ra 
tio n s  (F ig . 6A ). S ta rc h  g ran u le s , iso la te d  
fro m  raw , w a te r-  an d  sa lt-so ak e d  bean s 
w ere  in d is tin g u ish a b le  (F ig . 3).

C o o k e d  b ean s
In  c o n tr a s t  to  raw , so a k e d  b ean s , in 

w h ic h  cell w alls ru p tu re d  w h e n  th e  c o ty 
le d o n  w as f ra c tu re d  (F ig . 4 A -1 , 4B -1), 
c o o k e d  o r p a r tia lly  c o o k e d  b e a n  cells 
s e p a ra te d  re a d ily  a lo n g  th e  su rfaces  o f

in d iv id u a l in ta c t  cell w alls (F ig . 4 A -2 , 
4B -2). S h o r t  h e a t  t r e a tm e n t  lo o se n e d  th e  
in te rc e l lu la r  m a tr ix  o f  th e  m id d le  lam ella  
su f f ic ie n tly  to  a llo w  se p a ra t io n  o f  in d iv id 
u a l cells w i th o u t  ru p tu re  o f  cell w alls. 
D isp e rsio n s o f  in ta c t  cells w ere  o b ta in e d  
fro m  w a te r-so a k e d  b e an s  c o o k e d  10 m in  
o r  sa lt-so ak e d  b e a n s  c o o k e d  o n ly  2 m in  
by  sq u e e z in g  f ra g m e n ts  o f  th e  c o ty le d o n s  
b e tw e e n  glass slides. T h e re  was a m ark e d  
d if fe re n c e  in  th e  a p p e a ra n c e  o f  cells in 
th e  tw o  p a r tia l ly  c o o k e d  b e an  p ro d u c ts .

F i g .  3 — S t a r c h  g r a n u l e s  i s o l a t e d  f r o m  r e h y d r a t e d  l a r g e  d r y  L i m a  b e a n s :  ( A )  l / V a t e r - s o a k e d  b e a n s ;  

( B )  S a l t - s o a k e d  b e a n s .
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ST R U C T U R A L  CHANGES IN CO OKED LIMA BEAN S - 3 4 5

F ig . 6 —L im a  bean c e ll w a ll fra g m e n ts : (A )  R aw , u n h e a te d ; (B ) H e a te d  in  b o il in g  w a te r  
fo r  4 5  m in ;  (C l H e a te d  in  b o il in g  w a te r fo r  4 5  m in  a f te r  p r e l im in a r y  soak in  c o ld  s a lt  s o lu t io n  
a n d  w a te r w ash ; (D )  H e a te d  in  b o il in g  s a lt s o lu t io n  fo r  4 5  m in  (see te x t) .

The air-dried cotyledon cells from water- 
soaked beans had numerous irregular 
protuberances (Fig. 4A-2) quite different 
from the “bag of marbles” appearance of 
the raw, whole cells (Fig. 1). Cells from 
the salt-soaked beans, cooked only 2 min, 
were different from both the raw and 
water-soaked beans. They had an invo
luted appearance with numerous indenta
tions covering the cell surfaces (Fig. 4B-2, 
4B-4). Water-soaked beans required 20 
min in boiling water to develop the same 
involuted appearance (Fig. 4A-3, Fig. 4A-
4). The cells in salt-soaked beans lost 
their involuted appearance, became more 
spherical and developed numerous semi
regular protuberances after cooking for an 
additional 1—2 min or a total of 3—4 min 
(Fig. 4B-3). This configuration was not 
observed in any of the preparations pre
pared from water-soaked beans.

After cooking the water- and salt- 
soaked beans for 45 and 10 min respec
tively, at which time both preparations 
were completely cooked, the individual 
intact cells from both types of beans re
sembled each other closely (Fig. 4A-5, 
4B-5). They had a multi-faced surface 
covered with wrinkled cell walls and 
were not distinguishably different in SEM 
photographs.

Cells of the fully cooked beans were 
relatively noncohesive. The intercellular 
bonding material appeared to have dis
persed or dissolved, permitting individual 
cells to separate readily in either hot or 
cold water. The shape and integrity of the 
cooked cotyledons would appear to be 
maintained by the seed coat and by mor
phologically different membranes cover
ing the convex and concave surfaces 
of each cotyledon. No differences were 
apparent in SEM observations of dis
persed cells in fully cooked, water- and 
salt-soaked beans (Fig. 5A, 5B). Visual 
microscopic examination under polarized 
light of raw, partially cooked and com
pletely cooked beans indicated that loss 
of birefringence, characteristic of starch 
gelatinization, occurred very rapidly at 
100°C and was indistinguishable in both 
types of beans.
Influence of cooking on 
isolated cell walls

As mentioned previously, cell walls of 
raw beans ruptured whereas cell walls of 
cooked beans maintained their integrity 
when the cotyledons were fractured. This 
difference in the properties of raw com
pared to cooked cotyledons can be con
ceived as being due to the plasticizing 
effect of boiling water on the middle 
lamella which relieves stresses imposed on 
cell walls during mechanical fracture of 
cooked cotyledons. Therefore it was of 
interest to study the effects of cooking 
on fragmented cell walls separated from 
their cytoplasmic environment. Lima bean 
cell fragments were prepared by mac

erating skinned, raw, water-soaked beans 
in distilled water using a high-shear blend
er which ruptured cell walls causing 
intracellular cytoplasm to be discharged 
into the aqueous slurry. The slurry was 
filtered through multiple layers of cheese
cloth and washed exhaustively until no 
starch granules settled in filtrates of suc
cessive washings. The white fibrous mass 
was air dried. The preparation was com
posed of clumps of broken, evacuated 
cells arranged in an irregular honeycomb
like structure (Fig. 6A). A small propor
tion of the cells resisted rupture and 
remained attached to the walls of neigh
boring evacuated cells.

In contrast to whole cells which sepa
rated readily during cooking, no separa

tion of adjacent evacuated cell walls was 
observed even after boiling the prepara
tion for 45 min. The boiled cell fragments 
remained attached to adjacent cell walls 
(Fig. 6B) and appeared similar to the orig
inal unheated material (Fig. 6A). The 
intrinsic factors or properties which in
fluenced the separation of whole cells in 
boiling water were not present in the iso
lated cell fragment preparation. When raw 
cell fragments were added to a boiling 
solution of the dilute salt mixture used to 
process quick-cooking beans, the honey
comb structure collapsed almost immedi
ately into a thin, filmy nondescript mass. 
It did not disperse completely into sepa
rate cell fragments even after boiling for 
45 min. Random, individual intact cells,
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contained within the cellulosic reticulum 
of the washed, salt-free preparation, re
tained their integrity and shape, but 
remained attached to the collapsed cell 
walls of adjacent cells (Fig. 6D). The lo
calized, transitory effect of the salt solu
tion was demonstrated by cooking a 
sample of the cell wall preparation that 
had previously been soaked in cold salt 
solution for 4 hr and washed exhaustively 
to remove the salts before cooking. The 
cooked washed preparation retained the 
honeycomb structure (Fig. 6C) and re
sembled the raw (Fig. 6A) and the water- 
cooked (Fig. 6B) cell wall preparation.

DISCUSSION
DURING NORMAL cooking in boiling 
water, intercellular material within the 
middle lamella softens and permits sepa
ration of adjacent whole cells. No appar
ent differences have been found between 
the cellular structure of cooked, water- 
and salt-soaked bean cells observed in the 
scanning electron microscope. Different 
cooking rates of the two types of beans 
appear to be related primarily to differ
ential rates at which cell separation oc
curs.

The middle lamella of plant tissue is 
generally considered to be composed of 
pectic substances (Kertesz, 1951) asso
ciated with divalent cations such as cal
cium and magnesium (Letham, 1962), 
and possibly proteinaceous material (Ginz
burg, 1961). Cell abscission (Stôsser et 
al., 1969) and the separation of apple 
and carrot plant cells (Letham, 1962) and 
peaches and Avena coleoptiles (Shah,
1966) have been related to the loss of

calcium and magnesium from the middle 
lamella. It is suggested that the separation 
of bean cells during cooking may also be 
related to the transposition or removal of 
divalent cations, particularly calcium and 
magnesium, from bridge positions within 
the pectinaceous matrix of the middle 
lamella.

Letham (1962) has also reported that 
rapid and efficient separation of plant 
cells may be obtained in a warm, slightly 
alkaline solution of polyphosphates and 
other metal chelating agents. Rapid cook
ing and tenderization of salt-soaked 
(quick-cooking) dry beans may be due to 
facilitation of divalent cation transport or 
removal from the middle lamella of bean 
cotyledons in the presence of imbibed 
alkaline tripolyphosphate. Slower cook
ing of normal, water-soaked beans may be 
attributed to the more gradual leaching of 
divalent cations within the middle lamella 
by phytic acid and other naturally-occur
ring chelating agents contained within the 
intracellular cytoplasm. Failure of an iso
lated bean cell wall preparation to dis
perse in boiling water may be associated 
with the unavailability of metal chelating 
agents in the washed residue of ruptured 
cells from which the cytoplasm has been 
removed. Collapse of the honeycomb 
structure in a raw, cell wall preparation 
after immersion in boiling alkaline tri
polyphosphate solution is consistent with 
the premise that: divalent cations bridge 
and support the pectinaceous matrix be
tween bean cells; and that elimination of 
the cation bridge by a metal chelating 
agent allows softening of the middle 
lamella and separation of whole cells.

During cooking of whole beans, me

chanical stresses, imparted during starch 
g e la tin iza tio n , protein denaturation, 
swelling and heat convection, may further 
facilitate cell separation and the develop
ment of the uniform, smooth texture in 
fully cooked beans. Complete dispersion 
of an isolated cell wall preparation was 
not effected in boiling salt solution pre
sumably because insufficient mechanical 
stress was imposed upon the flaccid, rup
tured cell residues.
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L-ASPARTYL-L-PHENYLALANINE METHYL ESTER 
(ASPARTAM E) AS A SW EETENER

INTRODUCTION
ASP ART AME (L-aspartyl-L-phenylala- 
nine methyl ester) was found to be about 
160 times sweeter than 4% sucrose in 
aqueous solutions and compared favor
ably to sucrose in sensory attributes 
(Cloninger and Baldwin, 1970). There
fore, this study was conducted to estab
lish equivalents to various concentrations 
of sucrose, to evaluate the effects of 
selected ingredients on sweetness of the 
aspartame as compared to sucrose, and to 
monitor effects on pH. As an example of 
a typical application, the aspartame was 
evaluated in a noncarbonated orange- 
flavored beverage. Since sugar affects 
texture and body of food products, as 
well as sweetness (Glicksman and Farkas, 
1966), the aspartame was evaluated in 
combination with gelatin, gum arabic 
(GA), methocel (MC), and carboxy- 
methylcellulose (CMC).

EXPERIMENTAL
A S P A R T A M E  f o r  th i s  s t u d y  w a s  s u p p l ie d  b y  
S e a r le  B io c h e m ic s ,  D iv . o f  G .D .  S e a r le  &  C o .,  
C h ic a g o . A ll s o lu t io n s  w e re  p r e p a r e d  w i th  w a te r  
w h ic h  w a s  r e d i s t i l l e d  in  g la ss . E x c e p t  f o r  d e t e r 
m in a t io n s  o f  s w e e tn e s s  e q u iv a l e n t s  in  w a t e r  a n d  
in  n o n c a r b o n a t e d  b e v e r a g e ,  t e s t s  w e r e  c o n 
d u c t e d  o n  le v e ls  o f  s w e e tn e s s  c o m p a r a b le  t o  
t h a t  o f  s o f t  d r in k s  (1 2 %  s u c r o s e )  a n d  s l ig h t ly  
s w e e te n e d  te a  o r  c o f f e e  (4 %  s u c r o s e ) .

Sensory and statistical analyses

A ll s e n s o ry  t e s t s  w e re  c o n d u c t e d  b y  th e  
r a n k in g  m e t h o d  w h ic h  p e r m i t t e d  t r e a t m e n t  o f  
t h e  d a t a  b y  c h i - s q u a r e  f o r  r a n k s  ( F r i e d m a n ,  
1 9 3 7 )  a s  e x p la in e d  in  a n  e a r l i e r  p u b l i c a t i o n  
(C lo n in g e r  a n d  B a ld w in ,  1 9 7 0 ) .  F o u r  2 0 -m l 
s a m p le s  a t  r o o m  t e m p e r a t u r e  w e re  s e rv e d  in
6-o z  c o d e d  g la s s e s  r a n d o m ly  a r r a n g e d  o n  th e  
s e rv in g  t r a y .  T h e  c o m p o s i t i o n  o f  t h e  f o u r  s a m 
p le s  d e p e n d e d  u p o n  th e  o b je c t iv e  o f  t h e  t e s t  
a n d  is  i n c lu d e d  in  t h e  d e s c r ip t i o n  o f  s p e c i f i c  
te s t s .  J u d g e s  w e re  n o t  r e q u i r e d  t o  s w a l lo w  th e  
s a m p le s  b u t  w e re  i n s t r u c t e d  to  b e  s u re  th e  
s a m p le  c o n t a c t e d  a l l  p a r t s  o f  t h e  m o u t h .  C h a r 
c o a l  f i l t e r e d ,  o d o r - f r e e  w a t e r  (A P H A , 1 9 6 5 )  
w a s  p r o v id e d  f o r  r in s in g  t h e  m o u t h  b e tw e e n  
s a m p le s .  J u d g m e n t s  f o r  e a c h  t e s t  w e re  m a d e  b y  
a t  le a s t  2 0  U n iv e r s i ty  o f  M is s o u r i  s t u d e n t s  o r  
s t a f f  m e m b e r s .  T e s ts  w e re  c o n d u c t e d  in  a  s p e 
c ia lly  d e s ig n e d  t a s t e  p a n e l  r o o m ,  a n d  ju d g e s  
w e re  s e a te d  in  in d iv id u a l  b o o t h s .

Sw eetness equivalents
T o  dete rm in e  aspartam e concen tra tio n s

equivalent in sw eetness to  sucrose concentra-

t io n s  o f  2 , 4 ,  8 , 1 2 , 2 0  a n d  3 0 %  (w /v ) ,  tw o  
s w e e tn e s s  le v e ls  w e re  in c lu d e d  in  e a c h  s e t  o f  
f o u r  s a m p le s .  J u d g e s  w e re  i n s t r u c t e d  to  r a n k  
th e  s a m p le s  in  o r d e r  o f  in c r e a s in g  s w e e tn e s s .  
W h e n  lo w  a n d  h ig h  s w e e tn e s s  f o r  s u c r o s e  s o lu 
t i o n s  w e re  c o n f u s e d ,  j u d g e s  w e re  c o n s id e r e d  
u n r e l i a b le  a n d  th e i r  d a t a  w e re  d i s c a r d e d .  I f  a 
s ig n i f i c a n t  (P  <  0 .0 5 )  d i f f e r e n c e  w a s  f o u n d  
b e tw e e n  a s p a r t a m e  a n d  s u c r o s e  w i th in  a  le v e l o f  
s w e e tn e s s ,  a s p a r t a m e  s o lu t io n s  w e re  r e f o r m u 
la te d  a n d  r e t e s t e d .

Aspartam e in bu ffer

A s p a r t a m e  ( 0 .0 2 5 %  a n d  0 .1 2 % )  a n d  s u c r o s e  
(4 %  a n d  1 2 % ) s o lu t io n s  w e re  e v a lu a te d  in  a  
b u f f e r  s y s te m  (p H  3 .2 )  p r e p a r e d  a s  f o l lo w s :
8 4 .4  m l 0 .1 M  c i t r i c  a c id  + 1 5 .6  m l 0 .2 M  
N a 2 H P O „  m a d e  to  2 0 0 0  m l w i th  w a te r  r e d i s 
t i l l e d  in  g la ss . S e n s o r y  e v a l u a t io n  in c lu d e d  o n e  
s e t  o f  r a n d o m ly  a r r a n g e d  s a m p le s  w h ic h  w e re  
r a n k e d  in  o r d e r  o f  in c r e a s in g  s w e e tn e s s  a n d  o n e  
s e t  r a n k e d  f o r  in c r e a s in g  s o u rn e s s .  T o  o r i e n t  th e  
j u d g e s  to  s o u r n e s s  in  p r e s e n c e  o f  s w e e tn e s s ,  tw o  
r e f e r e n c e s  w e re  s e rv e d  b e f o r e  t h e  r a n k in g  te s t  
f o r  s o u rn e s s .  T h e s e  r e f e r e n c e s  w e r e  a s  f o l lo w s :  
4 %  s u c r o s e  in  h a l f  s t r e n g th  b u f f e r  a n d  4 %  s u 
c ro s e  in  f u l l  s t r e n g th  b u f f e r .

Aspartam e and gelatin in bu ffer

A s p a r t a m e  o r  s u c r o s e  w a s  f i r s t  d is s o lv e d  in  
a p p r o x i m a t e l y  5 0  m l b u f f e r .  G e la t in  ( 1 .5 % )  w a s  
h y d r a t e d  in  a p p r o x i m a t e l y  2 0 0  m l b u f f e r ,

F ig . 1 —R e la tio n s h ip  o f  sw eetness o f  asp a rta m e  

a n d  sucrose  In  =  2 0 ).

h e a t e d  to  d is s o lv e ,  a n d  t h e n  c o o le d  t o  4 0 °  C  
b e f o r e  c o m b in in g  w i th  th e  s w e e te n e r  s o lu t io n s .  
A f te r  f u r t h e r  c o o l in g  t o  r o o m  t e m p e r a t u r e ,  
s o lu t io n s  w e re  b r o u g h t  t o  v o lu m e ,  d is p e n s e d  
in to  c o d e d  g la s s e s  a n d  r e f r i g e r a t e d  ( 8 ° C )  o v e r 
n ig h t .  F o u r  c o d e d  s a m p le s  r e p r e s e n t i n g  0 .0 2 5 %  
a n d  0 .1 2 %  a s p a r t a m e  a n d  4 %  a n d  1 2 %  s u c r o s e  
g e ls  w e re  a r r a n g e d  r a n d o m ly  o n  t r a y s  f o r  ju d g e s  
t o  r a n k  a c c o r d i n g  to  in c r e a s in g  s w e e tn e s s .  P la s 
t i c  s p o o n s  w e r e  p r o v id e d  to  f a c i l i t a t e  ta s t in g .

A spartam e and selected  gums 
in b u ffer so lutions

A s p a r t a m e  a n d  s u c r o s e  w e re  d is s o lv e d  in  
a b o u t  1 5 0  m l  o f  b u f f e r  p r e p a r e d  a s  d e s c r ib e d  
a b o v e .  T o  a c h ie v e  a  1%  d is p e r s io n  o f  g u m , C M C  
(G r a d e  P - 7 5 -L ,  D u P o n t ,  W ilm in g to n ,  D E )  o r  
G A  (U S P  T y p e  G - 1 5 0 ,  M e e r  C o r p . ,  N o r th  B e r
g e n ,  N J )  w e r e  d i s p e r s e d  in  7 5 0  m l b u f f e r ,  a d d e d  
to  t h e  s w e e te n e d  s o lu t io n s ,  a n d  b r o u g h t  to  
1 0 0 0  m l  w i th  b u f f e r .  T h e  p r o c e d u r e  f o r  M C  
(M C  P r e m iu m  g r a d e ,  1 0  c p s ,  D o w  C h e m ic a l  
C o .,  M id la n d ,  M I)  w a s  th e  s a m e  e x c e p t  t h a t  i t  
w a s  n e c e s s a r y  t o  h e a t  a b o u t  2 0 0  m l o f  t h e  7 5 0  
m l o f  b u f f e r  t o  8 0 - 9 0 ° C  b e f o r e  d i s p e r s in g  th e  
g u m  in  i t .  S o lu t io n s  w e re  a l lo w e d  t o  s t a n d  2 4  ± 
3 h r  a t  r o o m  t e m p e r a t u r e  b e f o r e  u s e .  T h e  p r o 
c e d u r e  d e s c r ib e d  a b o v e  f o r  c o m b in in g  in g r e 
d i e n t s  w a s  a d o p t e d  in  p r e f e r e n c e  t o  m ix in g  o f  
g u m  a n d  s w e e te n e r  b e c a u s e  B a t d o r f  ( 1 9 6 4 )  
r e p o r t e d  t h a t  d r y  m ix in g  o f  C M C  w i th  s u g a r  
r e s u l t e d  in  2 5 %  le ss  v i s c o s i ty  t h a n  a d d in g  s u g a r  
t o  c e l lu lo s e  g u m  s o lu t io n .

F o u r  s a m p le s  r e p r e s e n t i n g  0 .0 2 5 %  a s p a r 
t a m e  a n d  4 %  s u c r o s e  in  b u f f e r  o n ly  a n d  in  
b u f f e r  c o n ta in in g  1%  g u m ,  w e re  p r e s e n te d  r a n 
d o m ly  o n  t r a y s  f o r  j u d g e s  t o  r a n k  a c c o r d in g  to  
in c r e a s in g  s w e e tn e s s .  A  s e c o n d  s e t  o f  f o u r  
s a m p le s  w a s  p r e s e n t e d  f o r  e v a l u a t io n  o f  i n c r e a s 
in g  th ic k n e s s .  J u d g e s  w e re  i n s t r u c t e d  to  c o n 
s id e r  f e e l  in  t h e  m o u t h ,  n o t  v is u a l  im p r e s s io n .  
S a m p le s  o f  0 .1 2 %  a s p a r t a m e  a n d  1 2 %  s u c r o s e  
in  b u f f e r  o n ly  a n d  in  b u f f e r  c o n ta in in g  l % g u m  
w e re  r a n k e d  in  t h e  s a m e  w a y .

V is c o s i t ie s  (3 0 °  C ) o f  th e s e  s o lu t io n s  w e re  
d e t e r m in e d  b y  O s tw a ld  p ip e t  ( 8 0 - 1 0 0  s e c  w i th  
w a te r  a t  2 0 ° C ). D e n s i ty  w a s  d e t e r m in e d  w i th  a 
W e s tp h a l  b a la n c e .  C a l c u la t io n s  f o r  a b s o lu t e  
v is c o s i ty  w e re  m a d e  a c c o r d i n g  to  t h e  m e t h o d  
d e s c r ib e d  b y  S o m m e r  ( 1 9 5 2 ) .

Aspartam e in a noncarbonated  
orange-flavored beverage

A  c o m m e r c ia l  o r a n g e  b e v e r a g e  m ix  a n d  
s w e e te n e r  w e re  m ix e d  p r io r  t o  a d d in g  g la ss  d i s 
t i l l e d  w a te r .  T h e  b e v e r a g e  -m ix  w a s  u s e d  o n  a 
b a s is  o f  2 .7  g / l i t e r ,  a n d  a s p a r t a m e  a n d  s u c r o s e  
w e re  w e ig h e d  t o  y ie ld  0 .0 9 %  a n d  1 0 %  ( w /v )  
s o lu t io n s ,  r e s p e c t iv e ly .  F o r  th i s  t e s t ,  o n ly  tw o  
s a m p le s  w e re  p r e s e n te d  f o r  e v a lu a t io n  a t  o n e  
t im e .  S e p a r a te  s e ts  o f  s a m p le s  ( r a n d o m l y  p o s i 
t i o n e d )  w e re  p r e s e n te d  f o r  r a n k in g  o f  s w e e t 
n e s s ,  s o u r n e s s  a n d  a c c e p ta b i l i t y .  T h is  p r o c e d u r e
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T able 1—Rank to ta ls3 fo r sensory  evaluations o f sw eetened  so lu tio n s w ith  and  w ith o u t gum s, and  viscosities o f these
so lu tions

Solution13

Gum arabic Methocel Carboxymethylcellulose
Sweet

ness
Thick

ness
Viscosity 

in cps
Sweet

ness
Thick

ness
Viscosity 

in cps
Sweet

ness
Thick

ness
Viscosity 

in cps

Sweetness equivalent to  4% sucrose

4% S 41b 42b 1.0 44b 34b 1.0 42a 35b 1.0
0.025% A 60a 40b 0.8 51ab 39b 0.8 57a 31b 0.8
4% S+G 42ab 50ab 1.3 40b 62a 3.1 45a 65a 7.8
0.025% A+G 57ab 68a 1.0 65a 65a 2.5 56a 69a 6.4

Sweetness equivalent to  12% sucrose

12% S 49a 54b 1.2 44a 41b 1.2 48a 36c 1.2
0.12% A 55a 41b 0.8 50a 41b 0.8 42a 27c 0.8
12% S+G 50a 71a 1.6 53a 68a 3.8 55a 77a 10.0
0.12% A+G 56a 46b 1.0 53a 50b 2.6 55a 60b 6.5

a n = 20  excep t fo r  gum arabic a t th e  sweetness eq u iva le n t to  12% sucrose w here  n = 21 . C om parisons m ay be m ade am ong 
the  fo u r  rank to ta ls  fo r  sweetness o r fo r  th ickness lis ted  under each gum w ith in  each sweetness level. T o ta ls  fo llo w e d  by 
the  same lo w e r case le tte r  are n o t s ig n ific a n tly  d if fe re n t (P <  0 .05 , ch i-square o f  ranks, F rie d m a n , 1 9 37 ). T h e  h igher the  
rank to ta l,  th e  greater th e  sweetness o r  th ickness.

13 S = sucrose; A  = aspartam e; G = gum.

w a s  r e p e a t e d  w i th  0 .0 7 5 %  a s p a r t a m e  a n d  10%  
s u c ro s e .

RESULTS & DISCUSSION
Sweetness equivalents

Figure 1 illustrates that the relation
ship between sweetness of aspartame and 
sucrose is almost linear when plotted on a 
log-log scale. The magnitude of the su
crose equivalent of aspartame decreased 
as level of sweetness increased. Aspartame 
was 182 times sweeter than 2% sucrose 
but only 43 times sweeter than 30% su
crose.
Aspartame in buffer

N o difference was found between 
sweetness of 0.025% aspartame and 4% 
sucrose nor between 0.12% aspartame 
and 12% sucrose in buffer solutions. 
Neither were differences in sourness in
dicated for these solutions, even though 
there were differences in pH. The aspar
tame shifted the pH of the solution from
3.2 to 3.3 and 3.5 in the 0.025% and 
0.12% solutions, respectively. The pH of 
both sugar solutions was 3.2. This finding 
appears to support the statement of Har
vey (1920) that both total acid and 
hydrogen ion concentration influenced 
the taste of acidic solutions.
Aspartame and gelatin in buffer

In contrast to the above findings, a sig
nificant (P <  0.01) difference between 
aspartame and sucrose occurred at both 
levels of sweetness when buffer solutions 
were combined with 1.5% gelatin. In 
these gels, 0.025% aspartame was sweeter 
than 4% sucrose, and 0.12% aspartame 
was sweeter than 12% sucrose. However, 
pH of all four gels was 4.6.
Sweetness of aspartame when combined 
with selected gums in buffer

There was no significant effect on

sweetness of sucrose or aspartame due to 
combination with GA or CMC at either 
high or low sweetness levels. However, 
the solutions containing 0.025% aspar
tame plus 1% MC were significantly 
sweeter than the solutions containing 4% 
sucrose (P <  0.05) or 4% sucrose plus MC 
(P <  0.01) (Table 1).

Although there was no significant dif
ference in sweetness between 0.025% 
aspartame and 4% sucrose in either buffer 
or in water, 0.025% aspartame was signif
icantly (P <  0.05) sweeter than 4% su
crose in buffer when tested along with 
similar solutions containing GA (Table 1). 
Trends in this direction, although not 
statistically significant, were found also 
with other gums. Stone and Oliver (1966) 
found a similar trend in research with 
cornstarch, CMC, MC and tragacanth. In 
solutions sweetened with sucrose, the 
more viscous solutions were sweeter than 
the same solutions without added gum, 
although differences were not statistically 
significant. In contrast, Vaisey et al.
(1969) reported a masking of the sweet
ness of sucrose by cornstarch, guar gum 
and CMC. Also, Arabie and Moskowitz
(1971) pointed out that sweetness of 
both sucrose and saccharin decreased as 
viscosity increased.

CMC shifted the pH of all test solu
tions from 3.2 to 5.0. MC had a less 
marked effect, and pH of these solutions 
ranged from 3.4—3.6. Solutions contain
ing GA ranged from pH 3.7—3.9.

Thickness and viscosity of solutions 
containing gums in buffer

Several inconsistencies were observed 
between viscosities of solutions and sen
sory ranks for thickness. Sensory rank 
totals for sucrose and aspartame solutions 
containing no gums did not differ signifi
cantly; but, as expected, sucrose solutions

were more viscous than aspartame solu
tions. Addition of gums was expected to 
increase both thickness ranks and viscos
ity. However, solutions containing 1% GA 
and 4% sucrose were not ranked signifi
cantly  thicker than 4% sucrose nor 
0.025% aspartame solutions, although 
viscosities varied from 0.8 to 1.3 cps. 
Also, sensory ranks for solutions contain
ing GA or MC combined with 0.12% 
aspartame did not differ significantly 
from those for 12% sucrose or for 0.12% 
aspartame alone, although viscosities var
ied from 0.8 to 2.6 cps. In spite of the 
difference in viscosity between solutions 
containing 12% sucrose plus CMC (10.0 
cps) and 0.12% aspartame plus CMC (6.5 
cps), no significant difference in sensory 
rank totals for thickness was indicated. 
However, the solution containing 4% 
sucrose plus CMC was ranked signifi
cantly (P <  0.01) thicker than the solu
tion containing 0.025% aspartame plus 
CMC. Viscosities for these solutions were
7.8 cps and 6.4 cps, respectively. Also, 
4% sucrose solutions were significantly (P 
<  0.01) less thick according to sensory 
ranks than solutions containing 0.025% 
aspartame plus GA although viscosities of 
both solutions were 1.0 cps (Table 1). 
Thus, for solutions comparable to those 
used in this research, viscosity measure
ments cannot be used to predict sensory 
response to thickness of solutions.

Szczesniak et al. (1962) classified the 
mouthfeel of gums according to sliminess 
rather than thickness and found a correla
tion between mouthfeel and rheological 
behavior of gums as measured by Brook
field viscometer (1200 cps, 0.5 rpm). 
According to these authors, sliminess 
corresponded to Newtonian behavior of 
gums. However, gums which behave as 
Newtonian fluids at one concentration 
may behave as dilatant or thixotropic
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fluids at other concentrations (Glicksman 
and Farkas, 1966). In addition to differ
ences due to concentration, technological 
advances in processing have made it possi
ble to produce from one gum several 
products designed to achieve specific vis
cosity levels. Thus it is difficult to com
pare findings of one researcher with 
another.
Aspartame when combined with a 
noncarbonated orange-flavored beverage

When 0.09% aspartame was compared 
with 10% sucrose as a sweetener for a 
noncarbonated orange-flavored beverage, 
the beverage was significantly (P <  0.01) 
sweeter and less sour than the beverage 
containing sucrose. However, there was 
no significant difference in acceptability 
between the two beverages. Using 0.075% 
aspartame as the sweetener resulted in a 
beverage which did not differ significant
ly in sweetness, sourness or acceptability 
from the beverage sweetened with 10% 
sucrose. Thus, since it required less aspar
tame to achieve sweetness equivalent to 
10% sucrose than expected from the rela
tionship shown in Figure 1, one or more 
of the ingredients in the beverage mix 
enhanced the sweetening effect of the 
aspartame. The beverage mix was an un
sweetened product, but the flavoring in
gredients probably were plated on sugar 
in the manufacturing process, and this 
small amount of sugar may have contrib

uted to the observed enhancement of 
sweetness.
General discussion

S tab ility  problems were observed 
when the aspartame was used in soft 
drinks (Anon., 1973). However, off- 
flavor, which was encountered in previous 
work (Cloninger and Baldwin, 1970) 
when the aspartame was used at levels 
equivalent to 10% sucrose and above, was 
not apparent in the material supplied for 
this study. Also, it was observed that 
solubility of the material was improved.

In product formulations, variance 
from the equivalents shown in Figure 1 
may result from combination of the 
aspartame with certain ingredients. For 
example, enhancement of the aspartame 
may be achieved by certain ingredients 
such as the gums, gelatin and a noncar
bonated orange-flavored beverage used in 
this study. The complexity of the latter 
product makes it difficult to attribute the 
enhancement to any specific ingredient. 
Also, use of more than one sweetener 
in a food permits lowering of the total 
amount of sweetener ingredients required 
to achieve a specified level of sweetness 
(Cloninger and Baldwin, 1970).
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CARBONYL RETENTIO N IN MODEL SYSTEMS AND BERMUDA ONION JUICE 
DURING LY O PHILIZATION: EFFE C T  OF SIMPLE CARBO HYDRATES, 

BINARY CARBOHYDRATE M IXTURES AND SUCROSE INVERSION

INTRODUCTION
RESEARCH of the past decade has dem
onstrated increased volatile retention in 
lyophilized aqueous materials by addi
tions of simple sugars under select proc
essing conditions (Rey and Bastien, 1962: 
Chandrasekaran and King, 1969; Flink 
and Karel, 1970a, b; Sauvageot et al.,
1969). Flink and Karel (1970a, b) ob
served variations in retentive capacities of 
different carbohydrates at equal concen
trations. These authors suggested that 
freezing and freeze-drying cause align
ment of carbohydrates into hydrogen- 
bonded cage-like structures which entrap 
volatiles but are moisture permeable. The 
simple adsorption theory of volatile re
tention during lyophilization, proposed 
by Rey and Bastien (1962), has been dis
credited by several researchers (Issenberg 
et al., 1968; Sauvageot et al., 1969; Flink 
and Karel, 1970a). Pending the reliability 
of the “microregion entrapment” theory 
of Flink and Karel (1970a), the observed 
retentive capacity differences of simple 
carbohydrates may be a reflection of 
trapping efficiency or variations in cage 
permeability. Hence, the possibility of 
greater volatile retention by carbohydrate 
combinations is inherent. Research prob
ing the validity of this assumption has not 
been reported.

Collapse or melting of the frozen core 
by high dissolved solids concentrations 
during freeze drying has been observed by 
Sauvageot et al. (1969) and Flink and 
Karel (1970a). Loss of structure resulted 
in marked volatile losses. Collapse also 
has been reported in liquid foods contain
ing fructose and invert sugar (King, 1971; 
Notter et al., 1959). The effect of sucrose 
inversion on volatile retention during 
freeze drying has not been determined.

Utilizing model carbohydrate-volatile 
solutions and Bermuda onion juice, the 
relative effects of the following variables 
on volatile retention were compared: (1) 
carbohydrate type and concentration; (2) 
binary carbohydrate mixtures; and (3) 
sucrose hydrolysis.

1 Present address: Dept, of Food Science & 
Human Nutrition, Michigan State University, 
East Lansing, MI 48823

Total carbonyls were measured in the 
onion juice by the method of Schwimmer 
and Guadagni (1962). Schwimmer and 
Weston (1961) determined that over 90% 
of the total carbonyls in mascerated on
ions is pyruvic acid. Hence, pyruvic acid 
was selected as the volatile for the model 
systems.

The total solids content of mature 
onion bulbs varies from 10—13%, depend
ing on variety (Lee et al., 1970). Schwim
mer and Guadagni (1962) have reported 
soluble solids contents of the juice of 
several varieties to vary from 6.3 — 12.9° 
Brix. Most of the solids content appear to 
be carbohydrates, as evidenced by high 
proportions of glucose and fructose, in 
addition to sucrose, raffinose, stachyose, 
and two unidentified sugars (Lee et al.,
1970). The complexity and high propor
tions of various simple sugars in onion 
appear to render this food susceptible to 
good aroma retention during freeze dry
ing. Studies to determine the validity of 
this assumption have not been reported.

MATERIALS & METHODS
Sam ples

M o d e l  c a r b o h y d r a t e  s o lu t io n s  w e re  p r e p a r e d  
u t i l i z in g  r e a g e n t  g r a d e  g lu c o s e ,  f r u c t o s e ,  s u c r o s e  
a n d  la c to s e .  W a te r  w a s  d i s t i l l e d  a n d  d e io n iz e d .  
P y r u v ic  a c id  w a s  a d d e d  to  t h e  s y s te m s  to  a  
c o n c e n t r a t i o n  o f  2 0  M m o le s /m l.

O n io n  ju i c e  w a s  p r e p a r e d  f r o m  B e r m u d a  
o n io n s  b y  a  m o d i f i e d  m e t h o d  o f  S c h w im m e r  
a n d  G u a d a g n i  ( 1 9 6 2 ) .  T h e  o n io n s  w e re  m a c e r 
a t e d  in  a  W a r in g  B le n d o r  a n d  c e n t r i f u g e d .  T h e  
s u p e r n a t a n t  w a s  t h e n  f i l t e r e d  w i th  W h a t m a n ’s 
N o . 1 f i l t e r  p a p e r .  T h e  f i l t r a t e  w a s  a l lo w e d  to  
s t a n d  a t  r o o m  t e m p e r a t u r e  f o r  1 h r  t o  a s s u r e  
m a x im u m  d e v e l o p m e n t  o f  p y r u v ic  a c id .  S a m 
p le s  w e re  p r e p a r e d  a n d  s u b s e q u e n t ly  f r o z e n  a n d  
f r e e z e  d r ie d .  S o lid s  c o n t e n t  w a s  1 1 .1 °  B rix .

F o r  a l l  e x p e r im e n t s ,  5  m l s a m p le s  in  a l ik e  
1 0  m l p y r e x  E r l e n m e y e r  f la s k s  w e re  u t i l i z e d ,  
a s s u r in g  u n i f o r m  s a m p le  t h ic k n e s s e s .

Processing

A ll s a m p le s  w e re  f r o z e n  b y  im m e r s io n  in  
l i q u id  N 2 ( - 1 9 6 ° C ) .  S u r f a c e s  w e re  n o t  s c r a p e d  
a f t e r  f r e e z in g .  L y o p h i l i z a t i o n  w a s  c o n d u c t e d  in  
a  V ir t i s  f r e e z e  d r ie r  a t  1 .0  t o r r ,  a m b i e n t  p l a t e n  
t e m p e r a t u r e ,  a n d  a  c o n d e n s o r  t e m p e r a t u r e  o f  
- 4 0 ° C .  C h a m b e r  p r e s s u r e  w a s  m e a s u r e d  b y  a 
c a l i b r a t e d  M a c le o d  m a n o m e te r .  T h e  p r e v a le n t  
a b s e n c e  o f  c o l la p s e  a n d  c a r b o h y d r a t e  f r o th in g  
a t  t h e  c h a m b e r  p r e s s u re  a n d  c a r b o h y d r a t e  c o n 

c e n t r a t i o n s  u t i l i z e d  w a s  a t t r i b u t e d  t o  i n e r t  
le a k a g e .

M easurem ent o f  pyruvic acid 
and o th er carbon yl com pounds

P y r u v ic  a c id  a n d  o t h e r  c a r b o n y l  c o m p o 
n e n t s  w e re  m e a s u r e d  b e f o r e  a n d  a f t e r  p r o c 
e s s in g  b y  th e  m e t h o d  o f  S c h w im m e r  a n d  
G u a d a g n i  ( 1 9 6 2 ) .  T h e  m e t h o d  in v o lv e s  t h e  
d e t e r m i n a t i o n  o f  t o t a l  2 ,4 - d i n i t r o p h e n y l h y -  
d r a z in e - r e a c t in g  c a r b o n y l s .  P r io r  t o  a n a ly s i s ,  t h e  
o n io n  f i l t r a t e ,  m o d e l  s y s te m s ,  a n d  r e h y d r a t e d  
f r e e z e - d r ie d  s a m p le s  w e re  d i l u t e d  1 :4 0  (v o l /  
v o l) .  1 m l o f  t h e  d i l u t e d  s a m p le  a n d  1 m l  H 2 O  
w e re  a d d e d  t o  1 m l o f  0 . 0 1 2 5 %  2 ,4 - d in i t r o -  
p h e n y lh y d r a z in e  ( w t /v o l )  in  2 N  H C 1. A f t e r  1 0  
m in  a t  3 7 ° C ,  5 m l  o f  0 .6 N  N a O H  w e r e  a d d e d .  
A b s o r b a n c e  w a s  m e a s u r e d  w i th  a  B a u s c h  &  
L o m b  S p e c t r o n ic  2 0  C o lo r im e te r  a t  4 2 0  n m .  
T h e  c a l ib r a t i o n  c u rv e  w a s  p r e p a r e d  u s in g  s o 
d iu m  p y r u v a t e  as t h e  s t a n d a r d .

E xperim ental design

P y r u v ic  a c id  r e t e n t i o n  in  m o d e l  s y s te m s  a n d  
o n io n  ju i c e  c o n ta in in g  k n o w n  a m o u n t s  o f  
c a r b o h y d r a t e s  w e re  m e a s u r e d  b e f o r e  a n d  a f t e r  
f r e e z e  d r y in g .  R e a g e n t  g r a d e  c a r b o h y d r a t e s  
w e re  a d d e d  in  t h e  fo l l o w in g  p r o p o r t i o n s :
( 1 )  Z e r o  t h r o u g h  2 0 %  s u c r o s e ,  l a c to s e  a n d  g lu 

c o s e  in  5 %  i n c r e m e n t s .
( 2 )  B in a ry  m i x t u r e s  o f  s u c r o s e ,  l a c to s e  a n d  g lu 

c o s e  w h e r e b y  t h e  t o t a l  m o l a r i t y  o f  t h e  s o l u 
t i o n s  w a s  e q u a l  t o  0 .2 7 7 5  ( ~ 1 0 %  s u c r o s e ) .

(3 )  M ix tu r e s  o f  g lu c o s e  a n d  f r u c t o s e  in  1 0 %  
in v e r s io n  i n c r e m e n t s  ( 1 0  t h r o u g h  1 0 0 %  
h y d r o ly s i s )  a n d  c o n f o r m i n g  t o  1 0  a n d  2 0 %  
s u c r o s e  a t  z e r o  in v e r s io n .

Statistica l analysis

T h e  d e g re e  o f  t r e a t m e n t  d i f f e r e n c e s  w e re  
a s c e r t a in e d  b y  a n a ly s is  o f  v a r ia n c e  t e c h n iq u e s  
a n d  i l l u s t r a t e d  b y  m u l t i p l e  r a n g e  t e s t s  ( S te e l  
a n d  T o r r i e ,  1 9 6 0 ) .

RESULTS & DISCUSSION
Effect of carbohydrate type 
and concentration

The effects of carbohydrate type and 
concentration of pyruvic acid retention in 
model systems and Bermuda onion juice 
are illustrated in Table 1. The model 
system data indicate an increase in per
cent retention with an increase in carbo
hydrate concentration and are reflective 
of the data of several workers (Rey and 
Bastien, 1962; Chandrasekaran and King, 
1969; Flink and Karel, 1970a, b; Sau
vageot et al., 1969). Analysis of variance 
revealed highly significant retention dif
ferences between carbohydrate levels,
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CARBONYL

RETENTION
(V

CARBONYL
RETENTION

(%>

SUCROSE-LACTOSE CONCENTRATION (M) SUCROSE-GLUCOSE CONCENTRATION (M)

Fig. 1—E ffe c t  o f  0 .2 7 7 5 M  sucrose-la c tose  m ix tu re s  o n  c a rb o n y l re te n 

t io n  in  fre e z e -d rie d  m o d e ! sys tem s a n d  B e rm u d a  o n io n  ju ic e .

F ig . 2 —E ffe c t  o f  0 .2 7 7 5 M  sucrose-g lucose m ix tu re s  o n  c a rb o n y l re te n 

t io n  in  fre e z e -d rie d  m o d e l system s a n d  B e rm u d a  o n io n  ju ic e .

excluding the control which contained no 
carbohydrate. The small differences in 
retention with increasing carbohydrate 
content are unlike the reported data of 
other workers (Flink and Karel, 1970a, b; 
Rey and Bastien, 1962). However, these 
workers freeze dried at pressures below 
100/r. This experiment was performed at 
a chamber pressure of 1.0 torr. It is sus

pected that some incipient melting is 
inevitable due to freezing point depres
sion by the increase in solids, and an 
internal pressure buildup adjoining the 
retreating ice front by escaping water 
vapor. Data confirming this deduction 
have been reported by Spiess et al. (1969) 
and Brockman (1970). A Dunnett value 
of 2.82% indicated highly significant dif

ferences between all treatment means and 
the control which contained no carbo
hydrate. The apparent differences in re
tention by the three carbohydrates at the 
same concentrations are similar to the 
results of Flink and Karel (1970a, b).

The effects of carbohydrate type and 
concentration on retention of carbonyls 
in Bermuda onion juice are also shown in 
Table 1. Lactose became insoluble in the 
juice beyond the 10% level. As with 
model systems, differences in retention 
between carbohydrate levels were small. 
Using Dunnett’s procedure (Steel and 
Torrie, 1960), highly significant differ
ences were found between the control 
and all samples with added carbohydrate 
(d1 = 1.78% for three carbohydrates at 
two concentrations; d1 =1.41% for two 
carbohydrates at four concentrations). 
Effect of carbohydrate mixtures

Sucrose-lactose. The effect of sucrose- 
lactose mixtures on pyruvic acid reten
tion is depicted in Figure 1. The concen
tration of added carbohydrate was 
maintained at 0.2775M, which corre
sponds to 10% sucrose and lactose. In 
model systems, retention appeared to 
decrease with decreasing sucrose and in
creasing lactose. A least significant dif
ference analysis (LSD) of the treatment 
means revealed a highly significant dif
ference between the samples containing 
all sucrose and the samples containing all 
lactose (LSD0 0, = 2.1%, A x = 2.2%). 
No significant differences were found 
between treatment means of the Bermuda 
onion juice.

Table 1—Effect o f carbohydrate concentration on retention o f carbonyl components in freeze-
dried Bermuda onion juice and model system

Carbohydrate
cone
(%)

Sucrose Lactose Glucose
Onion
juice

% Re
tention

Model 
system 
% Re

tention

Onion 
juice 

% Re
tention

Model 
system 
% Re

tention

Onion 
juice 

% Re
tention

Model 
system 
% Re

tention

0 36.0 0.0 36.0 0.0 36.0 0.0
5 47.6 57.6 47.5 55.5 46.6 54.5

10 51.0 59.0 50.3 57.0 50.1 56.7

15 51.1 58.9 57.6 52.0 56.9
20 51.6 60.0 59.0 53.4 58.5

Error
In itia l carbonyl cone Dunnett mean

expressed as pyruvic acid: value (0.05) square

Model system 20.0 pmoles/ml
Model system 2.82% 1.42

Onion juice 9.8 pmoles/ml
Onion juice, all carbohydrates.
up to  10% concentration 1.79% 0.59
Onion juice, sucrose and
glucose up to 20% concentration 1.41% 0.37
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Fig . 3 —E ffe c t  o f  0 .2 7 7 5 M  lac tose-g lucose  m ix tu re s  o n  c a rb o n y l re te n - F ig. 4 —E ffe c t  o f  sucrose in v e rs io n  o n  re te n t io n  o f  c a rb o n y l c o m p o -  

t io n  in  fre e z e -d rie d  m o d e l sys tem s a n d  B e rm u d a  o n io n  ju ic e . n e n ts  in  fre e z e -d rie d  B e rm u d a  o n io n  ju ic e  a n d  m o d e l system s.

Sucrose-glucose. The effect of sucrose- 
glucose mixtures on pyruvic acid reten
tion is shown in Figure 2. In the model 
system, the apparent synergistic effect of 
0.2082M sucrose and 0.069M glucose was 
revealed by an LSD analysis. Every treat
ment containing more glucose than the 
maximum retention point differed signifi
cantly from the maximum retention 
mean. Although the difference between 
the maximum retention mean and the 
retention mean of the samples containing 
only sucrose was not significant (A x = 
1.1%), it approached the least significant 
difference at the 5% level (LSD0 0 5 = 
1.3%) and far surpassed the all sucrose 
means at the 10% level (LSD0 , 0 = 
0.8%). No statistical confirmation of 
synergism in the onion juice was found.

Lactose-glucose. The effect of lactose- 
glucose mixtures on pyruvic acid reten
tion during freeze drying is illustrated in 
Figure 3. A true synergistic effect in 
model systems was validated by an LSD 
analysis. The three retention levels of 
treatments containing mixtures of lactose 
and glucose differed highly significantly 
from the retention mean of the samples 
containing all glucose (LSD0 01 = 1.3%). 
These three levels also varied significantly 
(LSD0 0 5 = 0.9%) and highly signifi
cantly from the treatment mean of the 
samples containing all lactose. No syner
gistic effects were found for the Bermuda 
onion juice.
Effect of sucrose inversion

Figure 4 demonstrates the effect of 
increasing sucrose hydrolysis on carbonyl

retention in Bermuda onion juice and 
model systems during lyophilization with 
initial sucrose concentrations of 10 and 
20%. In model systems, two retention 
levels are evident, with the change occur
ring between 30 and 40% inversion. This 
observation was substantiated by LSD 
analyses for both 10 and 20% sucrose.

Visible differences were observed 
between freeze-dried specimens at the 
two spans of inversion. Between 0 and 
30% inversion, the freeze-dried residual 
material possessed structural integrity 
characterized by a honeycomb-like ma
trix composed of pores and crystalline 
walls. Generally, samples freeze dried 
with 40-100% invert sugar appeared to 
be in a glassy viscous state and is reflec
tive of the observations of King (1971) 
and the work of Notter et al. (1959).

Although visible differences in struc
ture of freeze-dried Bermuda onion juice 
with varying degrees of sucrose inversion 
were similar to model systems, no LSD 
confirmation of a two-span retention 
pattern was evident.

CONCLUSIONS
UNDER the conditions of this experi- 
periment, it was concluded that:

1. An increase in sucrose, glucose and 
lactose concentration in model aqueous 
systems and Bermuda onion juice results 
in increased carbonyl retention during 
freeze drying when carbohydrate concen
trations are initially low.

2. Volatile carbonyl components of 
Bermuda onion juice and model systems

are retained in different quantities by 
different carbohydrates at similar, but 
low, concentrations.

3. The combination of lactose and 
glucose synergistically affects the reten
tion of pyruvic acid in model aqueous 
systems during freeze drying.

4. Pyruvic acid is retained at two dis
tinct levels in lyophilized invert sugar 
solutions corresponding to single sucrose 
concentrations. At low hydrolysis levels, 
pyruvic acid retention is similar. As 
hydrolysis increases, structural collapse 
occurs, rendering a lower retention level.

5. In all experiments, differences in 
carbohydrate concentrations and propor
tions resulted in slight differences in re
tention.

The results of these experiments were 
reproducible. Samples were processed and 
analyzed for four to six trials per experi
ment, rendering similar retention and 
trends.
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RELATIO NSH IPS AMONG TITR A TA BLE ACIDITY, pH 
AND B U FFER COM POSITION OF TOM ATO FRU ITS

INTRODUCTION

ACID CONCENTRATION and pH are 
important quality and processing charac
teristics of tomatoes (Lycopersicon escu- 
lentum Mill.)- Several studies have re
vealed that a proper sugar/acid ratio is 
paramount to good tomato flavor (Denni
son, 1955; Simandle et al., 1966; Stevens, 
1972a). Both [H+] and potential acidity 
contribute to tartness (Harvey, 1920). 
The pH is important tc processability, as 
it should be lower than 4.4 to avoid prob
lems with thermophylic organisms (Rice 
and Pederson, 1954). Higher pH values 
necessitate longer processing times, in
creasing the difficulty of obtaining a high 
quality product.

Total acidity and pH in a tomato 
should be closely related, but sometimes 
the relationship between these two fac
tors is not good. Anderson (1957) found

that pH and acidity are not always in
versely related, and that in some varieties 
both values are relatively high. Lower and 
Thompson (1967) also found poor cor
relation between pH and acidity in cer
tain tomato lines and their progeny. 
Stevens (1972a) found wide variation in 
the [H+] /titratable acidity (TA) ratio 
among 55 divergent accessions and ob
tained evidence indicating that variation 
in phosphorus concentration of the fruits 
is an important factor in the poor rela
tionship between pH and acidity.

It should be possible to explain the re
lationship between TA and pH using 
model systems, as the TA is equal to the 
sum of TAs contributed by the buffers in 
the fruit. These buffers also establish the 
pH. The purposes of this paper are to de
fine the relationship between pH and TA 
in tomato fruits, to establish the contri
bution of various buffers to this relation

ship, and to apply this information to 
predict the effect of various compositions 
on pH.

MATERIALS & METHODS

Tomato analyses
Fruits from 25 tomato accessions from di

vergent sources, grown at Davis, Calif, during 
1970, were analyzed. A completely randomized 
design with five replications was used.

A 10-lb sample of prime, mature fruits was 
harvested from each replication on two picking 
dates. Each sample was washed, dried, packed 
in a polyethylene bag, frozen and stored at 
-10°C until analyzed.

Samples were removed from the freezer the 
evening prior to analysis. The thawed fruits 
were blended 1 min at high speed, and seed and 
skin were removed with a FPECO laboratory 
pulper. Serum was obtained by centrifuging the 
puree for 10 min at 1250 X G, and then filter
ing the supernatant fluid through Whatman 90 
paper.

Table 1—Mean phosphate, c itr ic  and malic acid concentrations [H + ] , and titratable acidity (TA) o f tom ato fru its  from  
25 tom ato accessions

Accession Phosphate
m m ole/liter3 

C itric  acid Malic acid H+ X 10s
m eq/lite ra

TA

Lutescent m utant o f 'Campbell 22' 6.72 ab 21.65 k 6.54 def 5.12 efg 63.21 ghi
PI 126436 (Peru) 6.53 ab 53.95 a 4.30 hij 4.43 hij 111.96 b
G2-D1-D5-1-BK-DK 6.50 ab 2 2 .10  k 6.91 ede 5.57 def 61.12 ghij
Walter 6.18 abc 23.85 jk 6.36 ef 3.26 Im 55.87 jk
Pizza 6.03 bed 30.33 fgh 2.78 I 3.56 klm 56.45 ijk
Crimson 5.95 bed 30.96 efg 3.26 jk l 3.87 jk l 61.60 ghij
PI 127810 (Peru) 5.92 bed 23.24 k 4.75 gh 4.27 ij 60.38 ghij
Rutgers Ve 5.85 ede 35.10 d 3.59 ¡jkl 5.06 fgh 70.72 f
1339-D8-S3 (Florida) 5.67 edef 28.18 ghi 4.07 h ijk 5.73 de 65.79 fg
PI 272691 (El Salvador) 5.53 edefg 34.36 de 11.52 a 5.09 efg 79.87 e
Red Jacket 5.47 defg 31.55 defg 2.85 I 4.80 fghi 64.29 gh
PI 155369 (Peru) 5.27 efgh 39.06 c 4.94 gh 8.96 a 92.07 d
66D692-3 USDA 5.12 fgh 2 2 .2 1  k 3.17 jk l 3.86 jk l 47.76 I
Merbein Midseason 5.01 ghl 24.78 ijk 5.65 fg 3.20 m 53.74 k
STEP 375 4.98 ghi 27.25 hij 3.33 ¡jkl 3.93 jk 58.48 h ijk
PI 190188 (Mexico) 4.70 hij 56.97 a 4.41 hi 5.04 fgh 119.87 a
PI 128229 (Bolivia) 4.42 ij 43.15 c 5.65 fg 7.91 b 98.21 c
PI 28223 (Bolivia) 4.33 j 47.53 b 3.65 ¡jkl 7.99 b 10 2 .1 1  c
DX 72 (Campbell's) 4.32 j 28.52 gh 3.06 kl 4.14 ijk 63.12 ghi
PI 263713 (Puerto Rico) 4.10 j 32.93 def 2.97 kl 6.64 c 77.04 e
PI 129143 (Peru) 4.10 j 39.88 c 7.41 bed 6.49 c 91.60 d
Tondo Liscio 3.42 k 23.11 k 8.74 b 5.10 efg 59.52 h ijk
Epoch Dwarf 3.23 k 29.58 fgh 4.25 hij 5.79 d 65.82 fg
PI 280597 (Russia) 3.10 k 32.93 def 4.62 ghi 5.69 def 77.24 e
Best of A ll 3.08 k 22.90 k 8.24 be 4.75 ghi 57.25 ijk

a  M e a n  o f  1 0  s a m p le s

b  V a l u e s  i n  v e r t i c a l  c o l u m n s  f o l l o w e d  b y  s a m e  l e t t e r s  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  a t  P = 0 . 0 5  b y  D u n c a n ' s  m u l t i p l e  r a n g e  
c o m p a r i s o n s .
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Table 2—Average concentrations and pK a's o f buffers found in tom ato fru its.

Buffer
Concentration
(m m ole/lite r)a PKa, b PKa, b PKa3b

DL.-alanine 0.620 2.348 9.866
a-amino butyric  acid 2 .12 0 2.290 9.830
L-arginine 2.640 2.0 10 9.040 12.480
Asparagine 1.940 2.020 8.800
L-aspartic acid 2.920 2.100 3.860 9.820
L-glutamic acid 7.490 2.10 0 4.070 9.470
DL-leucine 0.430 2.328 9.744
DL-serine 1.290 2 .2 10 9.150
Threonine 0.480 2.150 9.120
Valine 0.180 2.286 9.719
Galacturonic acid 0.770 3.200
Phosphate 5.020 1.959 6.699 12.444
C itric acid 32.240 3.076 4.745 5.398
Malic acid 5.080 3.398 5.046

a  F r o m  F r e e m a n  a n d  W o o d b r i d g e  ( 1 9 6 0 )  a n d  M c C l e n d o n  e t  a l .  ( 1 9 5 9 )  e x c e p t  p h o s p h a t e ,  c i t r i c  

a c id  a n d  m a l i c  a c i d  w h i c h  a r e  f r o m  t h e  e x p e r i m e n t  d e s c r i b e d  in  t h i s  p a p e r .  

b  F r o m  A n o n y m o u s  ( 1 9 5 7 )  e x c e p t  f o r  a - a m i n o  b u t y r i c  a c i d  a n d  g a l a c t u r o n i c  a c id  f r o m  D a w s o n  

e t  a l .  ( 1 9 6 9 ) ,  a s p a r a g i n e  a n d  v a l i n e  f r o m  A n o n y m o u s  ( 1 9 6 8 )  a n d  p h o s p h a t e  f r o m  W e s t  

( 1 9 6 3 ) .

Citrate and malate concentrations were de
termined by gas-liquid chromatography of 
trimethylsilyl derivatives as previously de
scribed (Stevens, 1972b). Titratable acidity was 
determined by titrating 10 ml of serum to pH
8.1 with 0.1N NaOH. Soluble phosphorus con
centration was determined with the vanadate- 
molybdate colorimetric method, using serum.
Relationship of titratable acidity 
to pH

The relationship between TA and pH can be 
derived from the Henderson-Hasselbalch equa
tion [ 1 ].

[base]
pH = pKa + log [^cid] I11

Equation [ 1 ] can be manipulated to obtain the 
ratio of the [base] to [acid] as shown in equa
tion [2].

M  = 10» H - P K ,  [ 2 |

sample data from the analyses of the 25 acces
sions were used in model system studies, giving 
a total of 250 samples. As the predicted TA was 
less than the observed, a second program [total 
buffer (TB)] was written to compute the con
tributions of other buffers known to be present 
in the fruits. Reported values (Freeman and 
Woodbridge, 1960; McClendon et al., 1959) 
were used, as the analytical work had not in
cluded these values. A paired t-test was used to 
compare the predicted TA for a sample of fruits 
to the observed TA. The TB program was also 
used to predict the contribution of each buffer 
at various pH values.

A third computer program [change buffer 
concentration (CBC)] was written to predict 
the change in pH caused by changing buffer 
concentration. This program used the above 
procedures in an iterative manner, starting at a 
pH higher than needed and reducing it until the 
predicted TA equaled the observed. Average

buffer and TA concentrations were used in the 
CBC program. The TA was adjusted for devia
tions caused by changes in buffer concentra
tion, with the amount of adjustment being 
equal to the variation caused by the addition or 
subtraction of buffer at other than the titrated 
pH (8.1).

RESULTS & DISCUSSION

Application of buffer model to 
data from tomato analyses

There were significant differences in 
phosphate, citrate, malate, H+ and TA 
concentrations among the 25 accession 
lines (Table 1).

The average predicted TA using the 
PCM program was 66.34 meq/liter which 
is 6.26 meq less than the average observed 
TA of 72.60 meq. The standard deviation 
of the difference was 0.436, giving a t- 
value of 14.37. With 249 degrees of free
dom, this is significant at the 0.1% level.

That phosphate, citric acid and malic 
acid do not account for all of the TA of 
the fruit is not surprising, as certain 
amino acids and other organic acids are 
significant buffers in tomatoes. Mean val
ues from the literature (Table 2) were 
used in the TB program in an attempt to 
account for the remaining 6.26 meq of 
TA/liter. The inclusion of the other 
buffers resulted in an additional 4.91 meq 
of TA leaving a differential of 1.35 meq. 
The standard deviation of the differences 
was 0.433, giving a t-value of 3.03. This 
was significant at the 1% level, but not at 
the 0.1% level. Although there was still 
significant deviation, the model system 
accounts for 98% of the TA. It would be 
unreasonable to expect that a perfect re
lationship would be found, because the 
average reported values that were used 
undoubtedly do not precisely represent 
the composition of these accessions. A 
small change in one or two of these buff
ers could account for the discrepancy in

For buffers with more than one pKa, equation 
[2] can be applied for each pKa and the result
ing ratios combined. The relative proportion of 
each form of the buffer can thus be computed 
for any designated pH. The product of the rela
tive proportion times the buffer concentration 
gives the concentration of each form of the 
buffer. If this procedure is repeated for both 
the initial and final (titrated) pH the concentra
tion change for each form of the buffer is ob
tained. The sum of the changes in titratable H 
for each form of the buffer is equal to that 
buffer’s contribution to the TA of the fruit. 
The sum of the contributions from all buffers 
in the fruit equals the TA of that fruit.

Computer programs were used with the 
above procedures to predict the contribution of 
various buffers of tomato fruits to TA and pH. 
Three computer programs were written. The 
first program [phosphate, citrate, malate 
(PCM)] predicted the TA contributed by phos
phate, citric acid and malic acid using the pH 
and concentrations of these buffers in the fruits 
from the 25 divergent accessions. Individual

Table 3—Percent contribu tion  to  titratable acid ity (TA) by various 
buffers at pH 4.0, 4.2 and 4.4

% C ontribution to  TA  at pH
Buffer 4.0 4.2 4.4

DL-Alanine 0.030 0.026 0.024
a-amino bu tyric  acid 0.099 0.088 0.081
L-arginine 0.374 0.390 0.417
Asparagine 0.429 0.452 0.488
L-aspartic acid 1.634 1.326 1.053
L-glutamic acid 5.541 4.769 4.000
DL-Leucine 0.024 0.020 0.019
DL-Serine 0.158 0.161 0.168
Threonine 0.061 0.062 0.066
Valine 0.010 0.008 0.009
Galacturonic acid 0.131 0.094 0.068
Phosphate 6.089 6.532 7.109
C itric acid 78.310 79.143 79.731
Malic acid 7.113 6.929 6.769
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Table 4—Corrélation coefficients fo r data from  25 tom ato accessions

C itric  acid Phosphate TA H+ pH
Malic + 

C itric  acids

Malic acid 
C itric acid 
Phosphate 
TA 
H+

—0.151 * -0 .049
-0.044

0.020
0.904**

-0 .038

0.069
0.414**

-0 .2 5 5 **
0 .574**

- 0 .10 1
-0 .4 0 7 **

0 .267**
-0 .5 7 9 **
-0 .9 8 1 **

0.004
0 .988**

-0 .052
0 .917**
0 .430**

*  S i g n i f i c a n t  a t  5 %  le v e l  o r  5 s 0 . 1 2 5  

* *  S i g n i f i c a n t  a t  1 %  le v e l  o r  >  0 . 1 6 5

Table 5—C ontribution to titratable acid ity by the major buffers of tomato fru its  at various
pH's

pH
4.0 4.1 4.2 4.3 4.4 4.5

mmoles/liter

[H+] X 10s 10.0 7.94 6.31 5.01 3.98 3.16
Aspartic acid 1.305 1.138 0.983 0.841 0.714 0.603
Glutamic acid 4.426 3.976 3.534 3.110 2.713 2.349
Phosphate 4.864 4.852 4.841 4.831 4.821 4.811
C itric acid 62.556 60.669 58.654 56.468 54.073 51.442
Malic acid 5.682 5.406 5.135 4.864 4.591 4.310
A ll other buffers 1.050 1.003 0.964 0.933 .907 .886
Total TA 79.883 77.044 74.111 71.047 67.819 64.401

TA. The data from the 25 accessions pro
duced a good test of the buffer model, as 
there were significant differences among 
the three major buffers, TA and [H+] .

Use of buffer model to predict 
those buffers that are important 
contributors to titratable acidity 
of tomato fruits

The percent contribution of each 
buffer to the TA of the tomato fruit at 
pH 4.0, 4.2 and 4.4 (Table 3) was com
puted using average concentrations and 
pKa’s (Table 2). At pH 4.2, phosphate, 
citric acid and malic acid accounted for 
92.6% of the TA. Inclusion of aspartic 
and glutamic acids added another 6.1% to 
the theoretical TA, leaving only 1.3% 
which was divided among the remaining 
nine buffers. The variation in contribu
tion of a buffer was small in the pH range 
of 4.0—4.4 when compared to the varia
tion among buffers.

Use of the buffer model to predict 
effect of various concentrations 
of phosphate, citric and 
malic acids on pH

To predict the effect on pH from 
changing the concentration of one of the 
buffers, the effect of the change on TA 
must also be known. The effect on TA 
can be estimated by considering the char
acteristics of the buffer and its relation
ship to [H+] (Table 4).

When a buffer enters or is synthesized 
in the tomato fruit, it has some amount 
of associated H. In the case of a buffer 
which is translocated into the fruit (e.g., 
phosphate), its associated H would be de
termined by the pH of the vascular sys
tem solution. For compounds synthesized 
within the fruit (e.g., citric and malic 
acids), the net associated H would be the 
active H of the molecule plus or minus 
any active H gained or lost during its 
synthesis.

The correlation between the concen
tration of a buffer and [H+] will give an 
indication of the amount of H associated 
with that buffer. The effective pH of a 
buffer will be defined as the pH of entry 
into, or synthesis within the fruits. The 
pH of a tomato fruit is defined as the pH 
of the homogenate of the fruit, and thus 
is the average pH for all parts of the fruit. 
The concentration of a buffer whose 
effective pH is higher than the pH of the 
fruit would be negatively correlated to 
[H+] . A buffer whose effective pH is the 
same as that of the fruit will not change 
the pH of the fruit, and there would be 
no correlation between buffer concentra
tion and [H+], A buffer whose effective 
pH is lower than that of the fruit would 
lower the pH of the latter, and its concen
tration would be positively correlated 
with [H+] .

Phosphate concentration had a correla
tion coefficient of —0.255 (significant at 
the 1% level) with [H+], This is reason
able, as phosphate is translocated into the 
fruit at a pH near 7.0 while the pH of the 
fruit is usually less than 4.5. The net re
sult is that as the phosphate concentra
tion increases, [H+] decreases, providing 
quantities of other buffers do not change.

The correlation coefficient for citric 
acid with [H+] was 0.414, which is signif
icant at the 1% level. However, that for 
malic acid was 0.069, which is not signifi
cant at the 1% level. The sum of citric 
and malic acids had a correlation coeffi
cient of 0.430 with [H+]. It can be 
assumed that the reason malic acid is not 
significantly correlated is because its ef
fect is masked by the much larger concen
tration of citric acid. The positive correla
tion of citric plus malic acid with [H+] 
points to an effective pH for these buffers 
less than the pH of the fruit.

The CBC program used the effective 
pH of the buffer to adjust the TA of the 
fruit. All predictions were based on aver
age concentration (Table 2).

As indicated above, an effective pH of
7.0 was used for phosphate. A reduction 
of phosphate from 7 to 3 mmoles/liter 
(concentration range among the 25 acces
sions) resulted in a reduction of pH from
4.29 to 4.21 (Fig. 1). The TA of fruit was 
reduced from 73.19 to 72.01 meq/liter.

Table 6—[H + ] /T A a ratios fo r the major buffers of tom ato fru its  at various pH's

pH
4 . 0 4 . 1 4 . 2 4 . 3 4 . 4 4 . 5

Aspartic acid 7.65 6.98 6.42 5.96 5.58 5.24
Glutamic acid 2.26 2.00 1.79 1.61 1.47 1.34
Phosphate 2.06 1.64 1.30 1.04 0.95 0.66
Citric acid 0.160 0.130 0.108 0.089 0.074 0.061
Malic acid 1.76 1.47 1.23 1.03 0.87 0.73
Total TA 0.125 0.103 0.085 0.070 0.059 0.049
a [ H + ]  X  1 0 5 u s e d in computiing ratios
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Fig. 1—Change in  titra ta b le  a c id ity  (T A ) and p H  w ith  various concen
tra tions  o f  phosphate, m a lic  a c id  and c it r ic  ac id  in  tomatoes.

An effective pH of 4.0 was chosen for 
citric and malic acids, because of the posi
tive relationship between their concentra
tions and [H+]. An effective pH of less 
than 4.0 gave negative TA’s for 0 mmoles 
of citric acid/liter or predicted pH’s that 
were too high or too low. When the citric 
acid concentration was reduced from
60.0 to 20.0 mmoles/liter (concentration 
range of 25 accessions) TA was reduced 
from 126.46 to 48.86 meq/liter, and pH 
was increased from 4.15 to 4.33 (Fig. 1).

A reduction of malic acid concentra
tion from 10 to 3 mmoles/liter reduced 
TA from 78.11 to 70.28 meq/liter and 
increased pH from 4.23 to 4.26 (Fig. 1).

Use of buffer model to predict 
relationship between [H+] 
and titratable acidity

The buffer model can be used to pre
dict the effect of varying pH, on the TA 
contributed by various buffers. As ex
pected, the TA contributed by each 
buffer decreased with an increase in pH 
(Table 5). However, the decrease in con
tribution by phosphate was at a much 
slower rate than that by the other buff
ers. Its contribution decreased only from 
4.864 to 4.811 mmoles/liter from pH 4.0 
to 4.5. This occurred because the buffer
ing capacity of phosphate is minimal at 
the pH of tomato fruits.

It is apparent that lack of a constant

relationship between [H+] and TA is due 
not only to differential buffering capacity 
among buffers, but also to the change in 
buffering capacity of each buffer with 
change in pH. The relationship between 
[H+] and TA can only be explained when 
concentrations of individual buffers and 
their pKa’s are considered.

A study of the [H+]/TA ratio for the 
major buffers and for total TA (Table 6) 
reveals why [H+]/TA is not constant. 
Even for a single buffer (citric acid) 
[H+]/TA changes from 0.160 at pH 4.0 
to 0.061 at pH 4.5. This decrease occurs 
with all the major buffers in tomato 
fruits. For total TA the ratio decreases 
from 0.125 at pH 4.0 to 0.049 at pH 4.5.
Possible applications to 
breeding program for 
lower pH in tomato fruit

The pH in tomato fruits can best be 
reduced by reducing phosphate or by in
creasing citric and malic acids. Increasing 
concentrations of the acids has its draw
back, as this also changes the sugar/acid 
ratio, which may have an adverse effect 
on flavor, particularly in low sugar vari
eties. It would be desirable to increase the 
sugar concentration of these low sugar 
varieties but this has proven difficult in 
high-yielding mechanical-harvest types. It 
seems desirable to maintain a lower acid 
concentration in these varieties and still 
have a safe processing pH (< 4.4). This

can best be accomplished by decreasing 
phosphate concentration. The addition of 
10 mmoles of citric acid/liter is required 
to reduce the pH from 4.47 to 4.33. This 
results in about a 20 meq/liter increase in 
TA (Fig. 1). A 5 mmoles/liter reduction 
in phosphate concentration can result in a 
0.10 change in pH with only a 1.47 meq/ 
liter reduction in TA. Stevens and Paul
son (1973) have demonstrated the vari
able P concentration of tomato fruits is a 
heritable trait that can be managed in a 
breeding program.
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STARCH AND PECTIC SUBSTANCES AS A FFEC TED  BY 
A FREEZE-THAW  POTATO GRANULE PROCESS

INTRODUCTION

INSTANT DEHYDRATED mashed pota
toes, which include potato granules and 
flakes, comprise the bulk of dehydrated 
potato products widely accepted in both 
consumer and institutional markets. Pota
to granules, the subject of the present 
study are dehydrated, pre-cooked pota
toes in granular form that can be quickly 
reconstituted to mashed potatoes by 
mixing with hot or boiling water. In order 
to retain most of the organoleptic quali
ties of the freshly cooked mashed pota
toes a few critical requirements in the 
processing of the granules must be ob
served. Potatoes of high total solids are 
needed to produce mealy and fluffy 
mashed potatoes. The cooking of the 
potatoes also has a profound effect on 
the process. Both under- and over-cook
ing have detrimental effects on the pota
toes with the results becoming apparent 
in the subsequent stages of processing 
(Hendel et al., 1962a). Mashing is one of 
the most critical steps in processing since 
it determines the extent to which the 
cooked potato cells are separated, and 
consequently, the extent of damage sus
tained by the separated cells. The ease 
with which the cooked potato tissue can 
be mashed depends largely on the variety, 
specific gravity, starch content and ana
tomical parts of the potatoes (Reeve and 
Notter, 1959; Reeve, 1969; Schwimmer 
and Burr, 1967; Linehan and Hughes,
1969).

Many patents have been issued con
cerning processing techniques, improve
ments and equipment used in processing 
of potato granules. The beneficial effects 
of freezing and thawing have long been 
recognized. Rendle (1945) in his patent 
of the add-back process, introduced freez
ing and thawing of cooked potato prior 
to the admixing, as an optional step. He 
observed that when mashed potato is 
frozen and immediately allowed to thaw 
the resulting product is more granular and 
less gelatinous in texture than when freez
ing is omitted. Greene et al. (1949) hold a 
patent on a freeze and squeeze method 
which was briefly used during the war, 
but was discontinued due to the organo
leptic inferiority and the rather low bulk 
density of the product. Hendel et al. 
(1962a, b) patented a method for proc

essing of potato granules without recy
cling of the dry seed, as in the add-back 
process, by pre-drying the cooked pota
toes to a suitable moisture level prior to 
conditioning at low temperatures and 
granulation. Reeve (1954, 1967, 1969) 
observed that slow frozen cooked pota
toes have a slightly greater porosity when 
dried than the quick frozen ones, and 
that freezing and thawing of cooked 
potatoes reduced the swelling capacity of 
the gelled starch and influenced its tex
tural properties. This had an advanta
geous effect in the manufacture of gran
ules by rendering them more friable after 
thawing so that granulation is readily 
accomplished.

Granulation, i.e., final size reduction 
before drying to about 6% moisture is 
also a critical step in the processing of 
potato granules. The extent of damage, 
the granule size and the yield of fine gran
ules taken as final product are determined 
essentially at this stage of processing.

Recently, Ooraikul (1973) introduced 
the freeze-thaw technique for potato 
granule production consisting of the 
following steps: peeling, cooking, mash
ing, freezing and thawing, pre-drying, 
granulation, drying, cooling and sifting. 
This technique consistently gave textural 
characteristics of the product comparable 
or better to those available on the mar
ket. However, the processing steps ap
plied were not understood well enough in 
terms of raw material and its response to 
processing. The present study reports the 
contents of the two major cell binding 
constituen ts  responsible for textural 
quality pectic substances and starch, and 
their'changes induced by processing steps. 
In addition, the relationship between 
temperature of mashing and the extent of 
cell damage on mashing and subsequent 
stages of processing is presented.

MATERIALS & METHODS

Raw potatoes
T h e  p o t a t o e s  u s e d  w e re  v a r ie ty  N e t t e d  G e m  

g ro w n  in  S o u th e r n  A lb e r ta .  T h e  a v e ra g e  s p e c i f i c  
g r a v i ty  w a s  1 .0 9 8  w h ic h  c o r r e s p o n d e d  to  2 5 %  
t o t a l  s o l id s  a n d  1 7 .5 %  s ta r c h .  P r o x im a te  a n a l y 
s is  g a v e  th e  fo l l o w in g  p e r c e n ta g e s :  p r o t e i n ,  2 .1 ;  
f a t  o i l ,  0 .1 ;  t o t a l  c a r b o h y d r a t e s ,  1 9 .4 ;  c r u d e  
f ib e r ,  0 .5 ;  a n d  a s h ,  1 .0 .

T h e  p o t a t o  t u b e r s  w e re  s to r e d  a t  4 ° C  a n d

b e f o r e  p ro c e s s in g  w e re  r e c o n d i t i o n e d  a t  1 8 ° C  
f o r  15  d a y s  in  o r d e r  t o  r e d u c e  t h e  a m o u n t  o f  
a c c u m u la t e d  s u g a r s ,  a n d  to  i m p r o v e  t h e  o v e ra l l  
p ro c e s s in g  q u a l i ty  o f  t h e  t u b e r s .

P ro c e s s e d  p o t a t o  s a m p le s

S a m p le s  f o r  a n a ly s is  w e r e  t a k e n  f r o m  a 
10- lb  b a t c h  a t  v a r io u s  s ta g e s  o f  p ro c e s s in g  in  a  
s m a l l  l a b o r a t o r y  p i l o t  p l a n t .  T h e  p r o c e s s  u s e d  
w a s  as fo l lo w s :

Cooking. P o t a t o e s  w e re  p e e l e d ,  s l ic e d  a n d  
t h e  s t r ip s  w a s h e d  o f  s u r f a c e  s t a r c h ,  t h e n  s o a k e d  
in  a  0 .5 %  s o d iu m  b i s u lp h i t e  s o lu t io n  a t  r o o m  
t e m p e r a t u r e  f o r  5  m in  a n d  s te a m  c o o k e d  a t  
a tm o s p h e r i c  p r e s s u r e  f o r  3 5  m in .

M a s h in g .  T h e  c o o k e d  p o t a t o e s  w e re  m a s h e d  
im m e d ia te ly  a f t e r  c o o k in g  in  a  K i t c h e n A i d  
m ix e r  ( H o b a r t  M fg . C o . L t d . ,  T r o y ,  O h io . )  
e q u ip p e d  w i th  a  f l a t  b e a t e r  a t  a  s p e e d  s e t t i n g  o f  
6 f o r  2  m in .

Freeze-thawing. T h e  m a s h e d  p o t a t o e s  w e re  
s p r e a d  1 /2  in .  t h i c k  o n  s ta in le s s  s te e l  t r a y s ,  
f r o z e n  in  a n  a ir  b la s t  f r e e z e r  ( a i r  v e lo c i ty  3 0 0 0  
c u  f t / m i n ,  m in im u m  a ir  t e m p e r a t u r e  o f  - 2 0 ° C )  
f o r  s e v e ra l h o u r s ,  a n d  t h e n  th a w e d  a t  r o o m  
t e m p e r a tu r e .

P r e - d ry in g ,  g r a n u la t i o n ,  d r y i n g  a n d  c o o l in g  
s te p s .  T h e s e  s te p s  w e re  p e r f o r m e d  in  a  M a n e s ty  
P e t r i e - F lu id  B ed  d r y e r  ( m o d e l  M P  1 0 E  M a n e s ty  
M a c h in e s  L td .  S p e k e ,  L iv e r p o o l ,  E n g la n d )  
m o d i f ie d  b y  u s  t o  h a v e  a  r o t a r y  s t i r r e r  im m e d i 
a te ly  a b o v e  th e  p o r o u s  p la te .  T h e  t h a w e d  p o t a 
to e s  w e re  c h a r g e d  i n t o  t h e  b o w l  a n d  p r e - d r ie d  
w i th  a n  a ir  t e m p e r a t u r e  s e t t i n g  a t  9 3 ° C  a n d  a t  a  
s t i r r e r  s p e e d  o f  2 0  r p m .  W h e n  th e  m o i s tu r e  
c o n t e n t  o f  t h e  p o t a t o e s  d r o p p e d  t o  a  r a n g e  o f  
3 5 - 4 2 %  t h e  g r a n u la t i o n  s t e p  f o l lo w e d  b y  u s in g  
lo w e r  t e m p e r a t u r e  s e t t i n g ,  m in im u m  a i r  v e lo c 
i t y  a n d  a  s t i r r e r  s p e e d  o f  5 0 0  r p m .  A f t e r  4 - 1 0  
m in  th e  t e m p e r a t u r e  a n d  th e  a ir  f lo w  w e re  i n 
c r e a s e d  to  b e g in  t h e  d ry in g  s te p .  A f te r  a b o u t  5 
m in  o f  d r y in g  th e  t e m p e r a t u r e  a n d  a ir  f lo w  
w e re  a g a in  g r a d u a l ly  r e d u c e d  t o  a v o id  c e l l  
d a m a g e  d u e  to  t h e  a b r a s io n  o f  th e  g r a n u le s  in  
t h e  a ir  s t r e a m .  T h e  h e a t e r s  w e re  t h e n  t u r n e d  o f f  
a n d  th e  a i r  f lo w  m a in t a in e d  a t  a lo w  f lo w  r a t e  
t o  r e d u c e  th e  g r a n u le s ’ t e m p e r a t u r e  t o  2 0 ° C .

A n a ly s is  o f  p e c t i c  s u b s ta n c e s

T h e  m e t h o d  o f  M c C o m b  a n d  M c C re a d y
( 1 9 5 2 )  w a s  a p p l ie d  w i th  o u r  m o d i f i c a t i o n  to  
a v o id  th e  i n t e r f e r e n c e  o f  f r e e  w a te r  s o lu b le  
s ta r c h  in  c a r b a z o le  r e a c t io n  f o r  b o t h  w a te r  a n d  
c a lg o n - s o lu b le  f r a c t i o n s  o f  p e c t i c  s u b s ta n c e s .

T h e  p o t a t o  s a m p le s  w e re  f i r s t  m a c e r a t e d  in  
e th a n o l  a t  5 ° C  u s in g  a  W a r in g  B le n d o r  a t  lo w  
s p e e d .  S u b s e q u e n t  e x t r a c t i o n  s t e p s  w i th  w a te r  
a n d  a  0 .5 %  c a lg o n  s o l u t i o n  ( s o d iu m - h e x a m e ta -  
p h o s p h a t e ,  C a lg o n  C o n s u m e r  D iv . ,  T o r o n t o )  a re  
p r e s e n te d  o n  F ig u r e  1. F r o m  a  t o t a l  o f  1 0 0 -m l 
p o t a t o  e x t r a c t ,  2 .5  m l - a l i q u o t s  w e re  t a k e n  fo r  
d e t e r m i n a t i o n  o f  f r e e  s t a r c h ,  a n d  2 m l fo r  
d e t e r m i n a t i o n  o f  u r o n i d e  c o n t e n t s  a s  d e s c r ib e d
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POTATO SAMPLE

Raw, 5g sample 
macerated 

in 95% ethanol

Cooked, 5g sample 
is mashed, 

frozen and thawed
Granules,

Extraction w ith  95% ind 75% (v/v) ethanol

F iltra tion

Filtrate
Am ino acids, lipids, 

sugars, etc. Discarded

b y  M c C o m b  a n d  M c C re a d y  ( 1 9 5 2 ) .  T h e  s ta r c h  
c o n t e n t  w a s  d e t e r m in e d  b y  m ix in g  t h e  a l i q u o t  
w i th  7 .5  m l d i s t i l l e d  w a te r ,  h e a t in g  t h e  s o lu t io n  
a t  1 0 0 ° C  f o r  5 - 1 0  m in  a n d  c o o l in g  to  r o o m  
t e m p e r a t u r e .  T h e n  0 .2  m l o f  0 .0 2 N  K I 3 s o lu 
t i o n  w a s  a d d e d  a n d  th e  a b s o r b a n c e  o f  t h e  b lu e  
c o lo r  r e a d  a t  6 4 0  n m .

T h e  u r o n id e  v a lu e s  o f  t h e  e x t r a c t s  w e r e  t h e n  
o b t a i n e d  f r o m  t h e  s t a n d a r d  c u rv e  a n d  c o r r e c t e d  
f o r  t h e  s ta r c h  i n t e r f e r e n c e  u s in g  o n ly  t h e  l in e a r  
p o r t i o n ,  r e g io n  A , o f  t h e  c o r r e c t i o n  c u rv e  (F ig .  
2 ) . T h e s e  c u rv e s  w e re  p l o t t e d  f r o m  d a t a  f o r  
s t a r c h  a b s o r b a n c e  vs. t h e i r  c a r b a z o le  c o u n t e r 
p a r t s  o b t a in e d  b y  c a r b a z o le  r e a c t i o n  o f  p u r e  
s ta r c h  s o lu t io n s ,  a n d  o f  D -g a la c tu r o n ic  a c id ,  
a lo n e  a n d  in  p r e s e n c e  o f  lo w  a n d  h ig h  c o n c e n 
t r a t i o n s  o f  s t a r c h ,  a ll w i th in  t h e  r a n g e  e n c o u n 
t e r e d  in  p o t a t o  e x t r a c t s  (se e  F ig .  3 a n d  4 ) .

Residue
Extracted w ith  50 ml water at 4°C 
fo r 2 hr and then centrifuged at 

18,000g fo r 10 min

Total starch determination
T h e  a m o u n t  o f  s t a r c h  in  r a w  a n d  p r o c e s s e d  

p o t a t o e s  w a s  d e t e r m i n e d  p o la r im e t r i c a l l y  a f t e r  
i n t e r f e r in g  p e c t i n ,  n o n s t a r c h  p o ly s a c c h a r id e s  
a n d  p r o t e i n s  w e re  r e m o v e d  a s  o u t l i n e d  b y  
S te in e r  a n d  G u t h r i e  ( 1 9 4 4 )  a n d  r e v is e d  b y  
H a d o r n  a n d  D o e v e la a r  ( 1 9 6 0 ) .  A  1-g s a m p le  
w a s  b o i l e d  w i th  a  0 .3 %  a m m o n iu m  c a r b o n a t e  
s o lu t io n ,  t h e  s t a r c h  p r e c i p i t a t e d  w i th  io d in e ,  
t h e  p r e c ip i t a t e  d e c o m p o s e d  w i th  s o d iu m  t h i o 
s u lp h a t e  s o lu t i o n ,  r e p r e c i p i t a t e d  w i th  i o d in e ,  
t h e  p r e c i p i t a t e  a g a in  d e c o m p o s e d ,  t h e n  th e  
s t a r c h  p r e c i p i t a t e d  w i th  7 0 %  e t h a n o l ,  f o l l o w e d  
b y  d i s p e r s io n  in  4 0 %  c a l c iu m  c h lo r id e  s o lu t io n ,  
p r e c i p i t a t i o n  o f  t r a c e s  o f  p r o t e i n  w i th  u r a n y l  
a c e t a t e  a n d  d e t e r m i n a t i o n  o f  o p t i c a l  r o t a t i o n .  
T h e  s ta r c h  c o n t e n t  w a s  t h e n  c a l c u l a t e d  b y  u s in g  
t h e  v a lu e  [ex] ^  =  1 9 0 .0 °  a s  o b t a i n e d  b e lo w .

Free starch determination
A  2 .5 -g  s a m p le  o f  c o o k e d ,  m a s h e d  o r 

f r e e z e - th a w e d  p o t a t o e s ,  o r  0 .5 g  p r e - d r ie d  o r  
g r a n u la t e d  p o t a t o e s  w a s  a g i t a t e d  f o r  5  m in  in  
5 0 0  m l o f  w a te r  h e a t e d  t o  6 5 .5 ° C .  T h e  s lu r ry  
w a s  f i l t e r e d  a n d  f r o m  c le a r  f i l t r a t e  a n  a l i q u o t  o f  
5 m l w a s  t r a n s f e r r e d  to  a  1 2 5  m l E r l e n m e y e r  
f la s k  c o n ta in in g  1 m l  o f  0 .0 2 N  K I 3 a n d  4 4  m l 
o f  d i s t i l l e d  w a te r .  T h e  a b s o r b a n c e  o f  t h e  b lu e  
c o lo r  d e v e l o p e d  in  t h e  d a r k  a t  2 5 °  C  f o r  1 h r  
w a s  r e a d  a t  6 4 0  n m  a n d  e x p r e s s e d  a s  B lu e  
V a lu e  I n d e x  (M u ll in s  e t  a l . ,  1 9 5 5 ) .

Examination of intact and 
damaged potato cells

T h e  p o t a t o  g r a n u le  c e l ls  w e r e  e x a m in e d  
u n d e r  a  L e i tz  W e tz la r  l ig h t  m ic r o s c o p e  a t  1 0 0 X  
m a g n i f ic a t io n .  T h e  g r a n u le s  w e r e  s u s p e n d e d  in  
w a te r  h e a t e d  t o  6 5 .5 ° C  a n d  a  f e w  d r o p s  o f  s u c h  
a  s u s p e n s io n  w e re  m ix e d  w i th  a  d r o p  o f  0 .0 2 N  
a q u e o u s  K I 3 o n  a  s l id e .  T h e  i n t a c t  t i s s u e  c e l ls  
a p p e a r e d  f a in t l y  b lu e  c o lo r e d  w i th  a  s h a r p  
i n d i c a t io n  o f  c e l l  b o u n d a r y .  T h e  d a m a g e d  c e l ls  
h a d  a  v is ib le  b r o k e n  c e l l  w a ll  p o r t i o n  a n d  a 
s ta r c h  g e l p r o t r u s i o n  f r o m  t h e  c e l l ,  d a r k  b lu e  in  
c o lo r .  A  t o t a l  o f  a t  l e a s t  1 0 0 0  c e l ls  p e r  s l id e  
w e re  c o u n t e d .

Pure potato starch preparation
T h e  s t a r c h  w a s  i s o la te d  f r o m  t h e  s a m e  b a t c h  

o f  p o t a t o  t u b e r s  u s e d  f o r  g r a n u le  p r o d u c t io n .  
A b o u t  f iv e  w a s h e d  t u b e r s  w e re  g r o u n d  a t  a  lo w  
s p e e d  in  a  W a r in g  B le n d o r  w i th  3 0 0  m l ic e  c o ld  
1%  a m m o n iu m  o x a l a t e  c o n ta in in g  1 0 0  p p m  
s o d iu m  b i s u l p h i t e  a n d  1 m l o c t y l  a lc o h o l  a s  
a n t i - f o a m in g  a g e n t .  T h e  s lu r r y  o b t a i n e d  w a s  
f i l t e r e d  t h r o u g h  a  1 0 0  m e s h  n y l o n  s ie v e  a n d  th e  
r e s id u a l  d e b r i s  r e g r o u n d  a n d  w a s h e d  w i th  a 
s m a l l  v o lu m e  o f  w a te r .  T h e  c o m b in e d  f i l t r a t e s  
w e re  p o u r e d  t h r o u g h  a  2 0 0  m e s h  s ie v e  a n d  
f u r t h e r  p u r i f i e d  b y  s e v e ra l  c e n t r i f u g a t io n s  a t  
2 0 0 0  r p m .  T h e  l ig h t  b r o w n  u p p e r  l a y e r  o f  
p r o t e i n  w a s  r e m o v e d  w h i le  t h e  lo w e r  l a y e r  w a s  
r e s u s p e n d e d  in  d i s t i l l e d  w a te r  u n t i l  n o  im p u r i t y  
w a s  e v id e n t  u n d e r  t h e  m ic r o s c o p e .  F in a l ly  t h e  
s ta r c h  w a s  w a s h e d  w i th  9 8 %  e t h a n o l ,  e th y l  
e th e r  a n d  th e n  a c e to n e .  I t  w a s  t h e n  a ir  d r ie d .  
T h e  a m y lo s e  c o n t e n t  o f  th i s  s t a r c h  w a s  2 1 .2 %  
a s  d e t e r m i n e d  p o t e n t i o m e t r i c a l l y  C S c h o ch , 
1 9 6 4 ) .  T h e  s p e c i f i c  r o t a t i o n  [ a ]  D  o f  th e  
s ta r c h ,  w h ic h  w a s  d is s o lv e d  b y  h e a t in g  a t  1 2 0 ° C  
f o r  1 8  m in  in  4 0 %  C a C l2 w a s  1 9 0 .0 ° .

F o r  d e t e r m i n a t i o n  o f  i o d in e  b i n d in g  a f f in i t y  
o f  t h e  s t a r c h ,  5 0  m g  o f  s ta r c h  w e re  b o i le d  f o r  5 
m in  in  5  m l  o f  4 0 %  C a C l2 s o lu t io n  a n d  c o o le d  
t o  r o o m  t e m p e r a t u r e .  T h e n  2 .5  m l  o f  I N  HC1 
w a s  a d d e d  a n d  m a d e  u p  to  5 0  m l w i t h  d i s t i l le d  
w a te r  a n d  f i l t e r e d .  F r o m  t h e  f i l t r a t e  a l i q u o t s  o f  
1 -8  m l  w e re  a d d e d  d r o p  w is e  t o  1 0 0  m l  v o lu 
m e t r i c  f la s k s  c o n ta in in g  8 0  m l w a te r ,  1 m l 0 .1  N  
H Q  a n d  1 .5  m l  0 .0 2 N  K I 3 . T h e  s o lu t io n  w a s  
m ix e d ,  m a d e  u p  to  v o lu m e  a n d  l e f t  in  t h e  d a rk  
a t  2 5 ° C  f o r  1 h r .  T h e  a b s o r p t i o n  w a s  t h e n  r e a d  
a t  6 4 0  n m .  T h e  r e s u l t s  a r e  g iv e n  in  F ig u r e  5 .

RESULTS & DISCUSSION

HOFF AND CASTRO (1969) found that 
about one-half of the pectic substances 
isolated from tuber cell wall were poly
uronide compounds. The remainder was 
found to be sugars, predominantly galac
tose. Further Joslyn (1962) showed that 
a large quantity of araban and to a lesser 
extent galactan might be associated with 
polyuronides in the middle lamella, either 
as an entrapped admixture in the mesh-

Supernatant

soluble fraction

Residue
Extracted w ith  50 ml of 0.5% 

calgon solution at 4°C fo r 
2 hr and then centrifuged at 

18,000g fo r 10 min

Residue
Extraction w ith  50 ml o f calgon 

solution and centrifugation repeated

Residue: Discarded

Fig. 1—F lo w  ch a rt fo r  e x tra c tio n  o f  pe c tic  substances fro m  potatoes. 
AH  e x tra c tio n  steps except the f irs t e thano l step were p e rfo rm e d  in  
c o ld  room . A l l  cen trifug a tion s  were p e rfo rm e d  on a re frigera ted  S orva ll 
superspeed SS-2 centrifuge.

Supernatant

Calgon soluble fraction

Residue
Extraction w ith  50 ml 

water and centrifugation 
repeated Wat
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0 04 0.8 1.2 1.6 2.0 2.4 2.8 8VI A 640 nm STARCH CONC

Fig. 2 —C alib ra tion  and  co rre c tio n  curves used in  pe c tic  substances 
de te rm ina tion . The use o f  curves is illu s tra te d  w ith  the fo llo w in g  ex
am ple : when carbazole value (x ) =  0 .2 00  and the B V I =  0 .800, then the 
corresponding carbazole value co rre c tio n  (y ) =  0 .0 2 1 ; hence, the c o r
rected  carbazole value (z) = 0 .1 8 8  and the u ron ide  c o n te n t in  pg 2  m l 
o f  e x tra c t = 44. The region B o f  the co rrec tion  curve does n o t show  
lin e a r ity  fo r  its  corresponding starch concen tra tions; hence the in te r
fe ring  starch c o n te n t in  the extracts  o f  p e c tic  substances, as measured 
in  terms o f  B lue Value in d e x  m u st be k e p t w ith in  the  linea r region A , 
o f  the  co rrec tion  curve.

Fig. 4 —E ffe c t o f  h igh concentra tions o f  starch on carbazole values. Pure 
starch (apparent) represents the ac tua l A s 10 readings, w h ile  the pu re  
starch (ideal) the readings expected. N o te  th a t the absorbance o f  the  
co lo r developed b y  the starch present departs fro m  lin e a r ity  w h ite  th a t 
b y  D -ga lacturon ic  ac id  remains linear.

STARCH CONC

Fig. 3 —E ffe c t o f  lo w  concen tra tions o f  starch on  carbazole values. 
Carbazole and ga lac tu ron ic  a c id  were reagent grade w h ile  the starch was 
prepared fro m  tubers o f  N e tte d  Gem p o ta to  (see te x t)  and  app lied  in  
concentra tions usua lly  encountered  in  the pe c tic  substances e x trac t 
fro m  potatoes. N ote  th a t the  carbazole values increase lin e a rly  w ith  the  
increase in  con ten ts o f  b o th  starch and  D -ga lactu ron ic  acid. The lin e 
a r ity  established fo r  starch is in  the range o f  0 —0.036%  (w /v ) w h ile  fo r  
D -ga lac tu ron ic  ac id  0 —0.05%  (w /v ). In  presence o f  b o th  and w ith in  the  
range given the  e ffe c t o f  the starch in  carbazole c o lo r deve lopm ent is 
additive .

Fig. 5 —B lue co lo r in te n s ity  o f  s ta rch-iod ine  co m p le x  as re la ted  to  
starch con cen tra tion , [-o - A lta . N e tte d  Gem P o ta to  S tarch  (S ou thern  
A lb e rta ); - a -  C om m ercia l p o ta to  starch fro m  Sigma Chem. Co., St. 
Louis, M o ; -a- F rom  N u tr it io n a l B iochem ica l Co., C leveland, O h io .]



STA R C H  A N D  PECTINS IN PO TA T O  G R A N U L E S - 361

Table 1—Water and calgon soluble fractions o f pectic substances in raw potatoes

Potato
batch Sp.g.

Starch BVI 
(A 6 4 0 nm)

Correction
value Total Corrected

Uronide content 
pg/2  ml m g/100g potato 
Extract Wet basis Dry basis

Water soluble extract
1 1.096 0.184a 0.003 0.017 0.014 3.0 48.0 2 1 2
2 1.098 0.388 0.006 0.017 0.0 11 2.2 35.2 155
3 1.095 0.094 0.002 0.019 0.017 3.4 54.4 240

A v e r a g e 45.9 202.4

Calgon soluble extract
1 1.096 0 .1 00a 0.002 t r a c e t r a c e t r a c e t r a c e t r a c e

2 1.098 0.167 0.003 0.0 11 0.008 1.7 27.2 120
3 1.095 0.100 0.002 0.010 0.008 1.7 27.2 120

A v e r a g e 18.1 80
a  T h i s  a n d f o l l o w i n g  d a t a  u n le s s  o t h e r w i s e  s t a t e d  a r e  f o r • 5 g  o f  p o t a t o  s a m p le  e x t r a c t  m a d e  u p  t o 100 m l  ( s e e  e x p e r i -

m e n t a l ) .

Table 2—Water- and calgon-soluble fractions of pectic substances in cooked potatoes

Potato
batch Sp.g.

Starch BVI 
(A 640 nm)

Correction
value

Carbazole value 
Tota l Corrected

Uronide content
pg/2 ml mg/IOOg potato 
Extract Wet basis Dry basis

Water-soluble extract

1 1.095 0.488a 0.008 0.125 0.117 26.4 295 1296
2 1.098 0.715 0 .0 12 0.078 0.067 15.1 242 1063
3 1.096 1.000 0.016 0.131 0.115 26.0 292 1282

A v e ra g e 278.7 1223.8

Calgon-soluble extract

1 1.095 0.288a 0.005 0.029 0.024 5.2 58.2 256
2 1.098 0.480 0.008 0.035 0.028 6.2 59.5 261
3 1.096 0.400 0.007 0.029 0.023 5.0 48.1 2 1 1

A v e ra g e 55.3 242.7

a T h i s  a n d  f o l l o w i n g  d a t a  u n le s s  o t h e r w i s e  s t a t e d  a r e  f o r  5 g  o f  c o o k e d  p o t a t o  s a m p le s  e x t r a c t  m a d e  u p  t o  7 0  m l  ( s e e  

e x p e r i m e n t a l ) .

work or covalently bound to the poly
uronides. In spite of the complex hetero
geneous nature of the pectic substances it 
has been suggested that it is the polyuro
nide fraction which is mainly responsible 
for the textural properties of raw and 
processed potato tissue. Thus Potter and 
McComb (1957) surmised that the differ
ences in the texture of cooked potato, 
between soggy and mealy samples are at 
least in part due to differences in quan
tity and characteristics of the pectic sub
stances, within the cell wall and between 
adjoining cells.

In an attempt to relate the extent of 
cell separation with pectic substances, 
Bettelheim and Sterling (1955) fraction
ated these substances into water, calgon 
and HQ soluble fractions, and deter
mined their characteristics However, 
these studies showed no clear relationship 
between texture and pectic substances. In 
all cases cooking caused an increase in 
solubility of pectic substances, and a 
decrease in their methoxyl content and 
intrinsic viscosity. The greatly lowered 
intrinsic viscosity, presumably due to

depolymerization was observed for all 
three pectic fractions. The water soluble 
fraction was least affected. These changes 
allowed much of the pectic material to 
diffuse into the cooking medium.

In this study of potato granule proc
essing steam cooking was applied. Under 
these conditions the bulk of the diffusible 
pectic substances was retained within the 
cooked potato strips. After mashing these 
substances are distributed in the matrix 
surrounding the separated potato cells. 
However, a large amount of the water- 
soluble starch leaching from gelatinized 
starch granules is also retained in the 
matrix, and hence it was necessary to 
develop a method to determine pectic 
substances in the presence of appreciable 
quantities of starch.

The starch interference in the carba- 
zole reaction was accounted for by pre
paring the starch carbazole correction 
curve (see Fig. 2). A Blue Value Index for 
the starch was determined for each ex
tract and the corresponding carbazole 
value due to the starch was taken from 
the correction curve. This was then sub

tracted from the carbazole value to give 
the net value due to the polyuronides 
alone.

In addition, an improved extraction 
procedure was used which minimized the 
soluble starch content in the extracts. A 
twentyfold excess (w/v) of cold ethanol 
was used instead of hot, and excessive 
maceration of tissue was avoided by using 
the Waring Blendor at the lowest speed. 
Also the subsequent extractions with 
water and calgon solution were done at 
4°C in order to reduce the swelling and 
dissolution of the starch granules.

By applying these modifications the 
enzymatic removal of starch using a mix
ture of a- and /3-amylases, lasting 12 hr, 
and the subsequent ethanol precipitation 
of pectic substances as applied by Bettel
heim and Sterling (1955) were avoided. 
The increased speed of analysis makes the 
modified procedure much more suitable 
for routine processing studies than the 
longer enzymatic method.

As seen from Tables 1 and 2 the con
tent of pectic substances in raw potatoes 
was low in both water soluble and calgon
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Table 4—Total and free starch contents in potatoes as affected by processing steps

Potato
sample

Moisture
%

Total starch
%

wet basis Dry basis

F ree starch 
Blue Value Index
1A640 nm *  1 

Wet basis D ry basis

Raw 75.5 17.5 68.4 130 516
Cooked Unmashed 79.4 14.0 68.1 75 364

Mashed at 80°C 77.2 15.5 68.0 85 373
Mashed and pre- 76.1 18.4 77.1 70 293
cooled to 5.5°C

Freeze-thawed 75.2 19.6 79.0 27 1 1 0
Pre-dried 35.0 48.4 83.7 73 1 1 2
Granulated 8.1 77.0 83.7 118 128
Final dried unsieved granules 5.0 82.6 83.7 118 123
Sieved granules. Retained on

18 mesh sieve (1 .1 %) 90 94
35 mesh sieve (1.8%) 118 12 2
60 mesh sieve (14.3%) 126 130

below 60 mesh sieve (82.8%) 130 135

a  D e t e r m i n e d  a c c o r d i n g  t o  M u l l i n s  e t  a l .  ( 1 9 5 5 )  b y  a n a l y z i n g  2 . 5 g  s a m p le s  w i t h  m o i s t u r e  

c o n t e n t  a b o v e  7 0 % ,  w h i l e  f o r  t h o s e  b e l o w  4 0 %  t h e  s a m p l e  w e i g h t  w a s  0 . 5 g .  T h e  r e s u l t s  a r e  

m e a n s  o f  a t  l e a s t  t h r e e  d e t e r m i n a t i o n s .

Table 3—Percentage broken cells in cooked 
potatoes mashed at various temperaturesa

Temp % Broken
at mashing, °C cells

A fter
cooking: 80° 2.6

40° 12.5
25° 31.9
10° 45.8

After
freezing: 0° (partially thawed) 5.0

10 ° (completely thawed) 2.2
80° (reheated)b 2.5
25° (recooled)b 18.5

a  M a s h in g  w a s  d o n e  o n  s t e a m  c o o k e d  p o t a t o  

s t r i p s  w i t h  a  K i t c h e n A i d  m i x e r  h a v i n g  a  f l a t  

b e a t e r ,  a t  t o p  s p e e d  f o r  4 5  s e c .  

b  S a m p le s  w e r e  s l i g h t l y  d a r k e n e d  a f t e r  r e 

h e a t i n g .

soluble fractions when compared to that 
in cooked potatoes. This may suggest that 
pectic substances in the potatoes ana
lyzed are mainly in tightly bound forms. 
Tire water soluble fraction appeared to be 
higher than the calgon soluble fraction. 
These findings are contrary to those re
ported by Bettelheim and Sterling (1955) 
for the same variety of potatoes. How
ever, the apparent total pectic substances, 
i.e., the sum of the water and calgon- 
soluble fractions, was quite comparable 
for the two studies.

The observations that the quantity of 
calgon-soluble fraction of pectic sub
stances was low and that cooking in
creased the apparent total considerably, 
suggest that ionic bonds involving such 
ions as Ca2 + and Mg2 + are not important 
in the structure of protopectin in Netted 
Gem potatoes. Instead, it appears as 
suggested by Doesburg (1965) that physi
cal enmeshing of the polyuronides in the 
cellulosic fibres of the cell walls, and 
other bonds existing in cell walls and 
middle lamella are more important. This 
fraction of enmeshed polyuronides could 
be solubilized completely by HC1 at 
higher temperatures as found in this work 
and by Bettelheim and Sterling (1955). 
However, it was not analyzed in this 
study because the excessive starch hydrol
ysis and extraction caused by the HC1 
resulted in extracts to which the starch 
carbazole correction curve could not be 
applied satisfactorily.

The cooking of potatoes brought 
about a substantial increase in the con
tent of the soluble pectic substances. The 
water soluble fraction increased sixfold 
while calgon-soluble fraction increased 
threefold (Tables 1 and 2). Hence cook
ing appears to be a most effective method 
to weaken and dissolve the major portion

of the cell wall binding components of 
the potatoes. The apparent total pectic 
substances obtained from the cooked 
Netted Gem potatoes was 1.45% dry basis 
as compared with 0.7—1.5% dry basis 
reported by Potter and McComb (1957), 
0.084% for Russet Burbank (Idaho) re
ported by Bettelheim & Sterling (1955) 
and the same as that of variety Superior 
reported by Hoff and Castro (1969).

Steam cooking appears to have a much 
smaller effect on both total and free 
starch contents than it does on the con
tent of pectic substances. The amount of 
free starch in the cooked potato was 
lower than in the raw tubers which in
dicates that a portion of the free starch 
may be removed with the drip during 
steam cooking. Furthermore, it appears 
that very little leaching of soluble starch 
from cells in unmashed potato strips 
takes place during starch granule gelatini- 
zation.

Microscopic examination of cooked 
potato tissue showed that the large swol
len starch granules completely filled the 
cells, and also that almost all of the cell 
walls remained intact after cooking. 
Examination of the potatoes mashed at 
temperatures close to that of cooking 
indicated that cell separation was easily 
accomplished with little damage to cell 
walls. However, as mashing temperature 
was decreased the percentage of broken 
cells increased. For example, a reduction 
of mashing temperature from 80° to 
10°C gave an eighteenfold increase in 
the percentage of broken cells (see Table
3). Simultaneously an increase in free 
starch Blue Value Index was obtained, 
which suggests that considerable rupture 
of gelatinized starch granules occurs as 
the cell walls are broken.

These observations suggest that the

intercellular matrix, which consists of 
both pectic substances and free starch, 
has cell binding properties which are 
dependent on temperature. At lower 
temperatures the matrix appears to gel 
and the cell binding forces are so in
creased that on mashing many of the cells 
are sheared as the relatively rigid system 
is deformed, or the cell walls are torn off 
as the cells are separated.

If it is assumed that the Blue Value 
Index of free starch in cooked potatoes 
reflects the presence of amylose and 
amylopectin in the ratio of 1:3.7 as 
found in this study for intact starch 
granules, then the free starch in the 
cooked potato is 8.1% of total solids. If 
the free starch is amylose alone, then 
about one-fifth of this amount of free 
starch (1.7% of total solids) would be 
present in the matrix and available for 
cell binding. This minimum amount of 
free starch is therefore greater than the 
amount of pectic substances present in 
the intercellular matrix even if all of the 
apparent total of pectic substances, 1.4% 
of total solids, has a binding role in the 
matrix. Hence the matrix property should 
reflect predominantly the properties of 
the starch constituent, rather than of the 
pectic substances.

These suggestions are supported by the 
results of the freeze-thaw experiments 
(see Table 3). The lowest percentage of 
broken cells, 2.2%, occurred in potatoes 
mashed at 10°C after freezing and thaw
ing which would indicate that rétrograda
tion of amylose occurred and brought 
about a decrease in the strength of the 
cell binding matrix.

The freezing and thawing has a direct 
bearing on the success of the straight 
through process in both the pre-drying 
and granulation stages (Ooraikul, 1973).
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Table 5—Water- and calgon-soluble fractions o f pectic substances in potato granules

Uronide content
Potato
batch Sp.g.

Starch BVI 
(A 640 nm)

Correction
value

Carbazole value ¿ug/2  ml 
Extract

m g/100g potato
Total Corrected Wet basis Dry basis

Water-soluble extract
1 1.095 0.069a 0.001 0.160 0.159 35.5 1136 1190
2 1.098 0.069 0.001 0.126 0.125 28.0 1 1 2 0 1174
3 1.096 0.066 0.001 0.127 0.126 28.1 1124 1178

Average 1126.7 1180.8

Calgon-soluble extract

1 1.095 0.144a 0.002 0.035 0.033 7.2 202 2 1 1
2 1.098 0.128 0.002 0.018 0.016 33.2 128 134
3 1.096 0.220 0.004 0.024 0.021 5.0 200 2 10

Average 173.3 185.0

a This and fo llow ing  data unless otherwise stated are fo r 5g of potato sample extract made up to 100 ml (see experi-
mental).

If the mashed potato was not frozen and 
thawed it was difficult to stir the potato 
in the pre-drying step and during granula
tion it was difficult to separate the cells 
without incurring so much damage that 
the broken cell count became meaning
less. The introduction of freezing and 
thaw ing enabled the pre-drying and 
granulation to be done at temperatures 
below the gelling temperature of matrix 
without noticeable cell damage.

Freezing and thawing had little effect 
on the level of both water and calgon- 
soluble pectic substances. The slight 
decrease was attributed to loss through 
drips or expressed juice. A small increase 
in total starch was observed. In contrast 
freezing and thawing brought about a 
substantial decrease in the free starch 
content, equivalent to nearly 200 Blue 
Value Index units on the dry basis (Table
4).

This also indicates that the important 
component of the intercellular matrix for 
successful processing is the free starch 
rather than the pectic substances.

It is possible to freeze and thaw the 
potato before mashing, rather than after, 
as done in this study. Mashing before 
freezing has the advantage that additives 
forming clathrates with the free starch 
can be incorporated, and the freeze thaw 
step then forces the residual uncom- 
plexed free starch to retrograde. For 
example, the addition of glycerolmono- 
stearate at 0.1% weight of wet potato 
reduced the average Blue Value Index 
from 110 (dry basis) to 60. Antioxidants 
if required, are also added at this stage.

The dry basis contents of total starch 
and of water- and calgon-soluble pectic 
substances were not affected by the pre
drying at 20-30°C, or by the granulation 
at 15-20°C provided that the moisture 
content was not less than 35% (wet basis) 
at the granulation step. Below 35% mois

ture, granulation gave a two- to fourfold 
increase in Blue Value Index whereas at 
moisture contents above 35% the increase 
in Blue Value Index due to cell damage in 
the granulation step was only 1 5%.

Granulation in the range 35—40% 
moisture had the advantage that it of
fered the possibility of further rétrograda
tion of free starch. Heilman et al. (1954) 
reported that the rate of rétrogradation 
of starch gel depends on moisture content 
and that the greatest rates are in the range 
of 30—60% moisture. This fact has been 
applied even in the “add-back” process 
where the granulation is improved by a 
decrease of moisture of the moist mix to 
35—45% (Olson et ah, 1953). Potter
(1954) also demonstrated that the granu
lation step might retrograde the starch. In 
his study on changes in physical proper
ties of starch in granule production, he 
observed that as the moisture of the 
potato decreased, the rate of rétrograda
tion increased until about 30% moisture 
was reached. Below this, the rate of rétro
gradation began to increase until about 
1 5% moisture below which there was no 
measureable change.

Broken cell counts, Blue Value Index 
and contents of the starch and pectic 
fractions showed no real change in the 
final drying stage, which indicates that 
once the moisture content has dropped 
below 35%, rétrogradation of any remain
ing free starch or further cell damage by 
abrasion in air stream does not occur.

The dried potato granules had: total 
starch 83.7%; apparent total pectic sub
stances 1.4%; bulk density 0.80 g/ml; 
moisture content 5.0%; and a broken cell 
count of 2.0% (Tables 4 and 5). The gran
ules with particle size less than 60 mesh 
comprised 83% of the product. The fine 
fraction was retained as final product 
with the remainder being recycled to the 
pre-drying step of the next batch. The

Blue Value Indexes of the coarser frac
tions were lower than those of the finer 
fractions (Table 4), which probably re
flects the relative amounts of mechanical 
stress on particles of different sizes during 
the final processing steps.

In conclusion it appears that the free 
starch is the more important component 
in the intercellular matrix during process
ing and probably also has a more impor
tant influence on the textural characteris
tics of the reconstituted product than 
does the pectic fraction. The simple 
stra ig h t-th ro u g h  freeze-thaw process 
presented is such that the free starch con
tent can be readily controlled at all stages 
of processing to give a product which 
on reconstitution has a texture closely 
approaching that of freshly mashed pota
to of the same batch.
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GLUTAMINE AS A PREDICTIVE MEASUREMENT IN THE QUALITY  
ASSESSMENT OF PROCESSED CARROT PUREE

INTRODUCTION

PROCESSING TECHNIQUES have pro
duced safe, nutritious foods for the con
sumer. However it is an accepted fact that 
some degree of deterioration occurs dur
ing the processing procedure. This is 
believed to be due to certain undesirable 
changes which take place in the commod
ity during processing. Such changes as 
loss of color, destruction of vitamins, and 
the development of off-flavors are being 
studied in order to produce better quality 
products. One compound, 2-pyrrolidone-
5-carboxylic acid (PCA) which is formed 
during processing by the cyclization of 
glutamine (Archibald, 1945), has been 
associated with off-flavor formation in 
various fruits and vegetables.

The conversion of glutamine to PCA is 
a well-known reaction which occurs in 
the manufacture of sugar from sugar 
beets (Goodban et al., 1953). The length 
of time tomato juice is kept at high tem
peratures and the amount of heat applied 
to the product affects the conversion of 
glutamine to PCA (Rice and Pederson,
1954). PCA present in processed beet 
puree is formed from glutamine during 
thermal processing (Shallenberger and 
Moyer, 1958; Shallenberger et al., 1959). 
Luh et al. (1969) found that PCA is 
formed during thermal processing of 
strained carrots. A drop in pH was also 
observed. Using radiotracer techniques, 
Markakis and Amon (1969) found that 
on pasteurization of grape juice, gluta
mine is converted to PCA. In work with 
spinach puree, Lin et al. (1970) found 
that on processing, PCA is one of the 
organic acids which increased the most. 
The formation of PCA has been shown to 
occur directly from glutamine, and as the 
temperature of processing is increased, 
the formation of PCA from glutamine 
decreased (Clydesdale et al., 1972).

Shallenberger et al. (1959) reported 
that PCA causes a bitter, medicinal, or 
phenolic off-flavor in processed vegeta
bles. Studies of PCA on several processed 
commodities showed that as the amount 
of PCA present in each commodity in
creased, it was possible to detect greater 
differences in the flavor of each commod
ity.

It is the aim of this investigation to 
develop a simple quality test whereby 
knowing the amount of glutamine present 
in a fresh sample of carrots, the percent 
conversion of glutamine to PCA upon 
processing, and the flavor threshold of 
PCA, the best overall time and tempera
ture for a given process to produce the 
highest quality product could be pre
dicted.

MATERIALS & METHODS
C A R R O T S  f r o m  tw o  s e p a r a t e  g ro w in g  lo c a 
t io n s ,  C a l i f o r n ia  a n d  T e x a s ,  w e re  p u r c h a s e d  
f r o m  a  lo c a l  m a r k e t .  I n  u s in g  c a r r o t s  f r o m  tw o  
d i f f e r e n t  g e o g r a p h ic a l  a r e a s ,  i t  w a s  h o p e d  th a t  
a n y  d i f f e r e n c e s  in  t h e  c o n v e r s io n  o f  g lu ta m in e  
to  P C A  d u e  to  d i f f e r e n t  c l im a te s ,  s o i ls ,  g ro w in g  
t e c h n iq u e s ,  o r  f e r t i l i z e r s  w o u ld  b e  d e t e c t e d .  
T h e  c a r r o t s  f r o m  e a c h  lo c a t i o n  w e re  a n a ly z e d  
s e p a r a t e ly .  E a c h  b a t c h  w a s  w a s h e d ,  p e e l e d  a n d  
im m e d ia t e ly  c o m m i n u t e d  in  a  F i t z p a t r i c k  M ill 
(M o d e l  M  c o m m in u t in g  m a c h in e ,  T h e  W .J . F i t z 
p a t r i c k  C o . ,  C h ic a g o ,  111.) u s in g  a  f in e  (N o .  4 0 )  
s c r e e n .  D u e  to  t h e  n a t u r e  o f  t h e  c o m m in u t in g ,  
a  la rg e  a m o u n t  o f  a ir  w a s  i n c o r p o r a t e d  i n t o  th e  
p u r e e .  T h e  a i r  w a s  r e m o v e d  p r io r  t o  f i l l in g  
T h e r m a l  D e a th  T im e  ( T D T )  t u b e s  b y  p la c in g  
t h e  p u r e e  in  a  b e a k e r  in s id e  a  v a c u u m  d e s ic 
c a t o r  a t t a c h e d  t o  a  w a te r  a s p i r a t o r .  T h e  c a r r o t s  
w e re  m a in t a in e d  a t  a  v a c u u m  o f  2 3  in .  o f  m e r 
c u r y  f o r  1 0  m in  a n d  r e f r ig e r a t e d  a t  3 5 °  F . 
A p p r o x im a te ly  4  m l o f  t h e  p u r e e  w a s  p la c e d  in  
e a c h  o f  8 0  T D T  tu b e s  w h ic h  h a d  b e e n  f lu s h e d  
w i th  n i t r o g e n  a n d  t h e  t u b e  s e a le d  w i th  a n  o x y 
g e n  f la m e .  T h e  tu b e s  w e re  p ro c e s s e d  u s in g  th e  
m e th o d s  d e v e lo p e d  b y  G u p t e  a n d  F r a n c is
( 1 9 6 4 ) .  A  t e m p e r a t u r e  c o n t r o l l e d  g ly c e r o l  b a t h  
w a s  u s e d  f o r  p ro c e s s in g .  T h e  p ro c e s s in g  t e m p e r 
a tu r e s  r a n g e d  f r o m  2 4 0 - 3 0 0 ° F  w i th  2 0 ° F  
in c r e m e n t s  a n d  a n  F 0  v a lu e  o f  4 .9 .  2 0  tu b e s  
w e re  u s e d  f o r  e a c h  p ro c e s s in g  te m p e r a tu r e .  
A f t e r  p ro c e s s in g ,  t h e  s a m p le s  w e re  p la c e d  in  
tw o  g r o u p s  o f  1 0  t u b e s  e a c h .  A ll tu b e s  w e re  
f r o z e n  a t  — 2 0 °  F  u n t i l  a n a ly s e s  w e re  c a r r ie d  
o u t .  E a c h  g r o u p  w a s  a n a ly z e d  f o r  p H , m o is tu r e  
a n d  P C A  c o n t e n t .

A  c o n v e n i e n t  a n d  r a p i d  m e t h o d  o f  a n a ly s is  
o f  g lu t a m in e  d e v e lo p e d  b y  L in  e t  a l .  ( 1 9 7 2 )  w a s  
u s e d .  I t  is  b a s e d  o n  th e  a n a ly s is  o f  P C A  f o r m e d  
f r o m  g lu t a m in e .  T h e  c o n c e n t r a t i o n  o f  P C A  w a s  
d e t e r m in e d  b y  u s in g  a n  A u t o m a t i c  O rg a n ic  
A c id  A n a ly z e r  (A O A A )  (W a te r s  A s s o c ia te s ,  
F r a m i n g h a m ,  M a s s .) .  A ll  d a t a  o b t a i n e d  w e re  
b a s e d  o n  d e t e r m i n a t i o n s  m a d e  u s in g  th i s  i n s t r u 
m e n t  o n  d u p l i c a t e  s a m p le s .

T h e  t o t a l  g lu ta m in e  c o n t e n t  o f  t h e  f r e s h  
p u r e e  w a s  d e t e r m i n e d .  T h e  p u r e e  w a s  b u f f e r e d  
t o  p H  6 .8  w i th  b u f f e r  s o l u t i o n  c o n s i s t in g  o f  
4 .9 5 7 g  o f  p o t a s s iu m  d i h y d r o g e n  p h o s p h a t e  a n d

1 2 .1 6 7 g  o f  s o d iu m  t e t r a b o r a t e  in  o n e  l i t e r  o f  
d i s t i l l e d  w a te r .  T h e  p H  w a s  a d j u s t e d  t o  6 .8  b y  
a d d i t i o n  o f  c o n c e n t r a t e d  h y d r o c h l o r i c  a c id .  
T h e  s a m p le  w a s  h y d r o l y z e d  f o r  2  h r  in  a  b o i l in g  
w a te r  b a t h .  A f t e r  c o o l in g ,  t h e  p u r e e  w a s  a n a 
l y z e d  f o r  P C A  u s in g  t h e  A O A A . T h e  P C A  c o n 
t e n t  in  t h e  f r e s h  u n h y d r o l y z e d  p u r e e  w a s  a ls o  
d e t e r m in e d .  S in c e  o n e  m o le  o f  g lu ta m in e  is 
q u a n t i t a t i v e l y  c o n v e r t e d  t o  o n e  m o le  o f  P C A , 
t h e  t o t a l  g lu t a m in e  c o n t e n t  w a s  d e t e r m in e d  b y  
s u b t r a c t in g  t h e  a m o u n t  o f  P C A  p r e s e n t  in  t h e  
f r e s h  s a m p le  f r o m  t h e  a m o u n t  o f  P C A  p r e s e n t  
in  t h e  h y d r o ly z e d  s a m p le .  H y d r o ly s i s  s tu d ie s  
w e re  a ls o  c a r r ie d  o u t  u s in g  s t o c k  g lu ta m in e  
s o lu t io n s  a n d  m i x t u r e s  o f  g lu t a m in e  s o lu t io n  
w i th  c a r r o t  p u r e e  t o  c h e c k  t h e  a c c u r a c y  o f  t h e  
c o n v e r s io n  p r o c e d u r e s .

T a s te  t h r e s h o ld  s tu d ie s  w e re  c a r r ie d  o u t  f o r  
P C A  in  b o t h  p r o c e s s e d  c a r r o t s  a n d  a  m o d e l  
s y s te m .  T h e  m o d e l  s y s te m  th r e s h o l d  s tu d ie s  
w e re  c a r r ie d  o u t  u s in g  s t o c k  P C A  s o lu t io n s  p r e 
p a r e d  a t  v a r io u s  c o n c e n t r a t i o n s  in  d is t i l l e d  
w a te r .  C a r r o t  p u r e e  w a s  p r e p a r e d  b y  w a s h in g ,  
t r i m m in g  a n d  p e e l in g  t h e  f r e s h  c a r r o t s .  T h e y  
w e re  t h e n  c o o k e d  in  b o i l in g  w a t e r  u n t i l  t e n d e r ,  
c o m m in u te d  a n d  c o o le d .  T h e  p u r e e  w a s  t h e n  
d iv id e d  in t o  s e v e n  e q u a l  lo t s .  T h e  c o n c e n t r a t i o n  
o f  P C A  w a s  a d j u s t e d  b y  t h e  a d d i t i o n  o f  s m a l l  
a m o u n t s  o f  P C A  s to c k  s o lu t io n .  T h e  a c t u a l  P C A  
c o n c e n t r a t i o n  o f  e a c h  l o t  w a s  d e t e r m i n e d  b y  
u s in g  t h e  A O A A .

In  b o t h  t a s t e  t h r e s h o ld  d e t e r m i n a t i o n s ,  a n  
u n t r a i n e d  in - h o u s e  p a n e l  w a s  u s e d .  A  m u l t ip l e  
p a i r e d  c o m p a r i s o n  t e s t  w a s  e m p lo y e d .  F iv e  
s a m p le s  w e re  p r e s e n t e d  s im u l t a n e o u s ly  a n d  
in c lu d e d  o n e  o r  m o r e  h i d d e n  c o n t r o l s  a n d  a  
l a b e l le d  r e f e r e n c e  s a m p le .  T h e  p a n e l i s t s  w e re  
a s k e d  t o  t a s t e  e a c h  s a m p le  a n d  c o m p a r e  i t  t o  a 
c o n t r o l  w h ic h  h a d  n o  P C A  a d d e d .  T h e y  w e re  
a s k e d  t o  i n d i c a t e  w h e n  t h e y  c o u ld  p e r c e iv e  a  
d i f f e r e n c e  b e t w e e n  t h e  c o n t r o l  a n d  t h e  s a m p le .  
T h e  o c c u r r e n c e  o f  a  t a s t e  d i f f e r e n c e  w a s  i n d i 
c a t e d  a s  a  p o s i t iv e  r e s p o n s e .  A ll  t h r e s h o l d  t e s t s  
w e re  c a r r ie d  o u t  i n  a  s p e c ia l ly  d e s ig n e d  s e n s o ry  
e v a l u a t io n  l a b o r a t o r y  w i th  i s o l a t i o n  b o o t h s  a n d  
f a c i l i t i e s  f o r  c o n t r o l  o f  e n v i r o n m e n ta l  c o n d i 
t i o n s  s u c h  a s  h u m i d i t y ,  l ig h t ,  a n d  t e m p e r a t u r e .

RESULTS & DISCUSSION
Sensory response to PCA 
concentration

The percent positive responses ob
tained from the threshold studies were 
plotted against PCA concentration. Lines 
of best fit were determined for the data, 
95% confidence limits were established, 
and the threshold range for each study 
was determined using the 75% positive 
response level from ASTM committee
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Fig . 1—P e rce n t p o s it iv e  response vs. P C A  c o n 

c e n tra t io n  fo r  th e  m o d e l sys te m  tas te  th re s h o ld  
s tu d y . A  lin e  o f  b e s t f i t  is d ra w n  th ro u g h  the  
ra w  d a ta  p o in ts  (Al  a n d  95%  c o n fid e n c e  l im its  

( • )  are sho w n .

E-18 publication (1968). The results 
obtained from the model system study 
are shown in Figure 1. The coefficient of 
determination for the line of best fit was 
0.8739. The coefficient of determination 
discussed by Snedecor and Cochran
(1967) is defined as the percent variation 
in the ordinate which may be explained 
by the variation in the abcissa. The use of 
this coefficient results in an explicit sta
tistical representation of data. The thresh
old range of concentration for the model 
system at this positive response level was 
between 10 and 24 microequivalents per 
gram of sample.

In the carrot puree study, according to 
the ASTM committee definitions for 
threshold, the 75% positive response level 
yields a panel taste threshold range of 
42—57 microequivalents per gram dry 
weight of the puree. The results of the 
carrot puree study are shown in Figure 2 
which is a plot of the percent positive 
responses versus the PCA concentration 
of the puree. If the 50% positive response 
level were used, as employed by Patton 
and Josephson (1957) and others, it 
would yield a panel taste threshold range 
of 18—34 microequivalents per gram dry 
weight of the puree. For this method of 
constant stimulus (Guilford, 1954), the 
50% positive response point is the chance 
response level and has little meaning in 
terms of difference threshold. The pres
ent authors are in agreement with Powers

P C A  C O N C E N T R A T I O N  u e q /
/ g m  d r y  w t .

Fig . 2 —P e rc e n t p o s it iv e  response  v s . P C A  c o n 

c e n tra t io n  fo r  th e  c a r ro t  p u re e  tas te  th re s h o ld  
s tu d y . A  lin e  o f  be s t f i t  is d ra w n  th ro u g h  the  
ra w  d a ta  p o in ts  / Al  a n d  95%  c o n fid e n c e  l im its  

( • )  a re  sho w n .

and Quinlan (1973) that the 70% level (or 
75% level as discussed in the ASTM publi
cation (1968)) is more useful.
Conversion of glutamine to PCA

Results of the hydrolysis studies of the 
model system showed that the percent 
conversion had a range from 93.7—103.0% 
with an average percent conversion of 
98.6% and a standard deviation of 3.341. 
The mixture of carrot puree and gluta
mine solution has a range of 98.24— 
106.5% with an average percent con
version of 101.96% and a standard de
viation of 4.05. From the results, it was 
concluded that the procedure was repro
ducible and was not affected by the 
presence of components of the carrot 
puree.

The amount of PCA found at each 
processing temperature was expressed as 
percent conversion of glutamine to PCA. 
The 100% level was set as the total 
amount of PCA formed from glutamine 
in the hydrolyzed sample. The data from 
each batch were examined separately. 
The percent conversion of glutamine to 
PCA for both California and Texas sam
ples exhibited a logarithmic change with 
processing temperature. Both sets of data 
were plotted separately on inverse semi- 
logarithmic plots of the percent conver
sion versus processing temperatures with 
the lines of best fit determined. The 
coefficients of determination were 
0.8970 for the Texas data and 0.9710 for

P R O C E S S  T E M P E R A T U R E  ° F

F ig . 3 —L o g  p e rc e n t c o n v e rs io n  o f  g lu ta m in e  to  
PC A  vs. p rocess te m p e ra tu re  fo r  C a lifo rn ia  c a r

ro ts . A  lin e  o f  b e s t f i t  is d ra w n  th ro u g h  th e  ra w  
da ta  p o in ts  ( Al  a n d  95 %  c o n fid e n c e  l im i ts  ( • )  

are  sho w n .

the California data. These are shown in 
Figures 3 and 4, respectively.

The slopes and heights of the two lines 
were different. Both sets of data were 
examined together to determine if there 
were a significant difference between the 
lines. The data from both batches were 
combined and using the method of 
Snedecor and Cochran (1967), it was 
determined that at the 95% confidence 
level there was no significant difference 
between the lines. The combined data 
were then used to determine a line of best 
fit and 95% confidence limits. The coeffi
cient of determination for the pooled 
data was 0.890. The inverse semiloga- 
rithmic plot of the percent conversion 
versus the processing temperature for the 
combined data is shown in Figure 5.
Predictive mechanism

Using the processing data and the data 
on the taste threshold range for the car
rots, it was possible to formulate a pre
dictive mechanism to determine the best 
acceptable product in terms of off-flavor 
due to PCA formation. This may best be 
explained using a hypothetical situation.

If one assumes that a batch of pro
duce, in this case fresh carrots, has just 
been received, it would first be necessary 
to determine the total glutamine content 
by the method of Fin et al. (1972) which 
was previously discussed. One would 
examine the inverse semilogarithmic plot
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similar to Figure 5 for the particular 
processing temperature being employed 
to determine the percent conversion. This 
would then be multiplied by the total 
glutamine content previously determined 
to yield the amount of PCA which would 
be formed. A check back to the taste 
threshold plot, such as the one in Figure 
2, and to the taste threshold range would 
tell us if the amount of PCA which was 
being formed was above or below the 
taste threshold concentration. If it was 
above the threshold, it would be possible, 
by adjusting the processing temperature, 
to lower the percent conversion and thus 
lower the final PCA concentration such 
that it would be below the taste thresh
old.
Effect of pH on processing

It has been noted that a change in pH 
occurs on processing (Luh et al., 1969). 
Table 1 shows pH changes which were 
encountered for the various processing 
temperatures. At the higher processing

Table 1—Changes in pH o f carrot puree 
due to  processing at d iffe ren t temperatures 
w ith  an F0 = 4.9

Process Texas California
pH

Fresh 5.91 5.93
240 5.43 5.40
260 5.68 5.71
280 5.74 5.77
300 5.79 5.80

temperatures, there was a smaller change 
in pH from the fresh product to the sam
ple than at the lower temperatures. Al
though this was an overall effect due to 
all acids formed, PCA, which has been 
noted as increasing in concentration to 
the greatest degree during processing (Lin 
et al., 1970) probably contributed a great 
deal to this change.

Glutamine is found in many fruits and 
vegetables (Archibald, 1945). Depending 
on the degree of thermal processing 
which the product receives, and the flavor 
characteristics of the product, the forma
tion of PCA may play a vital role in its 
quality after processing.
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CERTAIN FUNCTIONAL PROPERTIES OF 
SUNFLOWER MEAL PRODUCTS

INTRODUCTION

ALTHOUGH SUNFLOWER is a promis
ing new source of food protein (Sosulski 
and Bakal, 1969), little information has 
been reported on its functional proper
ties. This may have been due to the 
presence of chlorogenic acid and hulls in 
the sunflower meal (Pomenta and Burns,
1971). With a successful method to 
remove chlorogenic acid from dehulled 
sunflower kernels (Sosulski et al., 1973), 
the protein concentrates and isolates 
obtained may find wider uses in human 
foods in the future. Although somewhat 
low in lysine and isoleucine (Smith, 1968; 
Earle et al., 1968; Sosulski and Sarwar,
1973), sunflower proteins contain high 
levels of other essential amino acids. 
However, the functional properties will 
largely determine its acceptability as an 
ingredient in prepared foods.

A previous study (Kilara et al., 1972) 
described such functional properties as 
nitrogen extractability and moisture 
adsorption of sunflower meal products. 
In order to more fully describe the char
acteristics of these products, the present 
study presents other basic functional 
properties including water absorption, fat 
absorption, emulsification, whippability 
and foam stability on sunflower flour, 
protein concentrates and isolates.

EXPERIMENTAL
D E H U L L E D  S U N F L O W E R  s e e d s  o f  a  s in g le  
v a r ie ty ,  c o m m a n d e r ,  w e re  o b t a i n e d  f r o m  C o -o p  
V e g e ta b le  O ils  L t d . ,  A l to n a ,  M a n i to b a .  O n e  lo t  
o f  s e e d s  w a s  g r o u n d  a n d  e x t r a c t e d  w i th  S k e l ly  
F  a t  4 5 ° C .  A f t e r  d e s o lv e n t iz in g  a t  r o o m  t e m 
p e r a t u r e ,  t h e  d e f a t t e d  m e a l  w a s  r e g r o u n d  in  a 
W a r in g  B le n d o r  a n d  s i f t e d  th r o u g h  a U .S . 
8 0 -m e s h  s c r e e n .  T h e  r e s u l t a n t  p r o d u c t  is c a l le d  
s u n f lo w e r  f l o u r  in  th i s  p a p e r .  K e rn e ls  f r o m  
o t h e r  p o r t i o n s  o f  t h e  s u n f lo w e r  s e e d s  w e re  c u t  
t r a n s v e r s a l ly  i n t o  tw o  to  t h r e e  p ie c e s  w i th  a 
k n i f e  a n d  c o n t i n u o u s l y  d i f f u s io n - e x t r a c t e d  
(D E )  w i th  t a p  w a te r  a d ju s t e d  w i th  HC1 to  p H
5 .5  a t  6 0 ,  8 0  a n d  9 0 ° C  f o r  4 ,  1 .5  a n d  1 h r . ,  
r e s p e c t iv e ly  ( S o s u ls k i  e t  a l . ,  1 9 7 3 ) .  A f te r  a ir  
d r y in g  a t  5 0 ° C  f o r  3 h r ,  t h e  c u t  k e r n e l s  w e re  
a s p i r a t e d  t o  r e m o v e  th e  t e s t a  a n d  g r o u n d  as 
d e s c r ib e d  a b o v e .  T h e  g r o u n d  m a te r i a l  w a s  e x 
t r a c t e d  w i th  S k e l ly  F ,  d e s o lv e n t i z e d  a n d  r e 
g r o u n d  t o  p a s s  t h r o u g h  a n  8 0 -m e s h  s iev e . T h e

d e f a t t e d  p r o d u c t s  w e re  c o l l e c t e d  s e p a r a te ly  as 
s u n f lo w e r  p r o t e i n  c o n c e n t r a t e s ,  D E - 6 0 ,  D E -8 0  
a n d  D E - 9 0 .  P r o t e i n  i s o la te  w a s  p r e p a r e d  f r o m  
th e  D E -6 0  p r o t e i n  c o n c e n t r a t e  b y  th e  p r o c e 
d u r e  o f  K i la r a  e t  a l.  ( 1 9 7 2 ) .

T h e  fiv e  c o m m e r c ia l  s o y  p r o d u c t s  u s e d  in  
th i s  s t u d y  a s  r e f e r e n c e  p r o t e i n s  in c lu d e d  a  c o m 
m e rc ia l  s o y  f l o u r  ( f o o d  g r a d e ) ,  tw o  c o n c e n 
t r a t e s :  I s o p r o  ( R a l s t o n  P u r in a  C o .)  a n d  P r o m o -  
s o y  ( C e n t r a l  S o y a  C o .) ,  a n d  tw o  i s o la te s :  S u p r o  
6 1 0  ( R a l s t o n  P u r in a  C o .)  a n d  P r o m in e  D  (C e n 
t r a l  S o y a  C o .) .  A ll s a m p le s  w e r e  p a s s e d  th r o u g h  
a  U .S .  1 0 0 -m e s h  s iev e .

T h e  m o i s tu r e ,  a s h ,  p r o t e i n ,  o i l  a n d  c ru d e  
f ib e r  c o n t e n t s  o f  t h e  s u n f lo w e r  s a m p le s  w e re  
d e t e r m in e d  b y  th e  A O A C  ( 1 9 7 0 )  m e th o d .  
T o t a l  s u g a r s  w e re  e x t r a c t e d  w i th  7 0 %  e t h a n o l  
a n d  m e a s u r e d  a c c o r d in g  to  t h e  p h e n o l - s u l f u r i c  
a c id  p r o c e d u r e  o f  D u b o is  e t  a l. ( 1 9 5 6 )  u s in g  
s u c ro s e  a s  t h e  s t a n d a r d .  T h e  w a te r - s o lu b le  p r o 
te in s  u s e d  f o r  th e  d e t e r m i n a t i o n  o f  t h e  p r o t e in  
s o lu b i l i ty  i n d e x  w e re  e x t r a c t e d  fo l lo w in g  th e  
s lo w -s t i r r in g  p r o c e d u r e  d e s c r ib e d  in  A O C S  
( 1 9 7 0 ) .  W a te r  a b s o r p t io n  c a p a c i t i e s  o f  s o y  a n d  
s u n f lo w e r  m e a l  p r o d u c t s  w e re  d e t e r m in e d  a c 
c o rd in g  to  t h e  p r o c e d u r e  o f  S o s u ls k i  ( 1 9 6 2 ) .  In  
th e  p r e s e n t  s tu d y ,  h o w e v e r ,  t h e  s u s p e n s io n s  
w e re  c e n t r i f u g e d  a t  1 6 1 0  X G  ( 3 2 0 0  r p m ,  r a d i 
u s  1 4 .1  c m ) .

F a t  a b s o r p t io n  c h a r a c t e r i s t i c s  w e re  m e a s 
u r e d  b y  a d d in g  0 .5 -g  s a m p le  a n d  3 .0  m l  o f  c o r n  
o il t o  a  1 5 -m l c o n ic a l  g r a d u a t e d  c e n t r i f u g e  
tu b e .  T h e  c o n t e n t s  w e re  s t i r r e d  f o r  1 m in  w i th  
a  th in  b r a s s  w ire  t o  d i s p e r s e  t h e  s a m p le  in  t h e  
o il .  A f t e r  a  h o ld in g  p e r io d  o f  3 0  m in ,  t h e  t u b e  
w a s  c e n t r i f u g e d  a t  1 6 1 0  X G  f o r  2 5  m in  a n d  
th e  v o lu m e  o f  f r e e  o i l  w a s  r e a d .  F a t  a b s o r p t io n  
w a s  e x p r e s s e d  in  p e r c e n t a g e  a s  t h e  a m o u n t  o f  
c o r n  o i l  b o u n d  b y  a  1 0 0 -g  s a m p le  o n  a  14%

m o is tu r e  b a s is .  E m u l s i f i c a t i o n  p r o p e r t i e s  w e re  
d e t e r m in e d  e s s e n t ia l ly  a c c o r d i n g  t o  t h e  p r o c e 
d u r e  d e v e lo p e d  b y  I n k la a r  a n d  F o r t u i n  ( 1 9 6 9 ) .  
M o d i f ic a t io n s  u s e d  in  t h e  p r e s e n t  s tu d y  i n c l u d 
e d  th e  a d d i t i o n  o f  5 0  m l o f  c o r n  o i l  t o  t h e  
d is p e r s e d  m a te r ia l  w h ic h  w a s  b e in g  c o n t i n u o u s 
ly  s t i r r e d  a t  1 4 0 0  rp m .

W h ip p a b i l i ty  a n d  fo a m  s t a b i l i t y  w e re  m e a s 
u r e d  b y  w e ig h in g  a  6 -g  s a m p le  (1 4 %  m o i s tu r e  
b a s is )  in to  a  c o n t a i n e r  ( 1 4  X 9 .5  c m )  c o n ta in in g  
2 0 0  m l o f  d i s t i l l e d  w a te r .  T h e  s o l id  m a te r i a l  
w a s  d is p e r s e d  in  w a te r  w i th  a s p a tu l a  a n d  s u s 
p e n s io n  w a s  w h ip p e d  f o r  6  m in  u s in g  a  f o o d  
m ix e r  a t  a  s p e e d  s e t  f o r  h e a v y  b e a t in g .  V o lu m e s  
w e re  r e c o r d e d  b e f o r e  a n d  a f t e r  w h ip p in g  in  a 
1000-m l g r a d u a te d  c y l in d e r  a n d  th e  p e r c e n t  
v o lu m e  in c r e a s e  d u e  to  w h ip p in g  w a s  c a l c u l a t e d  
a c c o rd in g  to  th e  m e t h o d  o f  L a w h o n  a n d  C a t e r
( 1 9 7 1 )  a n d  L a w h o n  e t  a l .  ( 1 9 7 2 ) .  A f t e r  t h e  
t o t a l  v o lu m e  o f  w h ip  w a s  m e a s u r e d ,  t h e  v o lu m e  
o f  f o a m  in  t h e  s ta n d in g  c y l in d e r  a ls o  w a s  r e 
c o r d e d  f o r  f o a m  s t a b i l i t y  s tu d i e s  a t  1 , 1 0 ,  3 0 ,  
6 0  a n d  1 2 0  m in  a f t e r  w h ip p in g .

A ll f u n c t i o n a l  p r o p e r t i e s  o f  s o y  a n d  s u n 
f lo w e r  p r o d u c t s  d e s c r ib e d  in  t h i s  p a p e r  w e re  
c a r r ie d  o u t  o n  a n  a s- is  p H  b a s is .

RESULTS & DISCUSSION

THE COMPOSITION of sunflower flour, 
protein concentrates and isolate is shown 
:n Table 1. These results indicate that the 
water soluble constituents of the minerals 
and sugars were largely removed from the 
sunflower kernels by the DE process in 
the preparation of the protein concen
trates and the protein isolate. Concomi
tantly, the DE process resulted in slightly

Table 1—Composition of sunflower meal products

Protein concentrate Protein
isolate

(DE-60)Description Flour DE-60 DE-80 DE-90

Moisture, % 6.5 6.7 7.3 5.3 3.1
Ash, % 8.5 7.8 7.5 7.5 3.5
Protein, % 55.5 67.9 68.3 68.0 90.7
Oil, % 0.5 1.7 1.7 3.6 1.1
Crude fiber, % 3.7 5.2 5.2 4.6 1.4
Total sugar, % 
Nitrogen-free extract

10.0 0.2 0.3 0.3 0.2

other than sugars, % 15.3 10.5 9.7 10.7 0.0
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higher levels of protein and crude fiber, 
and lower percentage of nitrogen-free ex
tract other than sugars in the protein con
centrates. All of the dried sunflower 
products were bland in flavor and white 
in appearance except the DE-60 protein 
isolate which appeared light brown in 
color. However, color comparisons based 
on 2% dispersions of sunflower material 
at pH 9.0 showed that while the protein 
concentrates were creamy white, the 
color of the flour and protein isolate were 
light green and brown, respectively. 
Apparently, the amount of chlorogenic 
acid present in the protein concentrates 
and isolate was almost negligible, while 
that found in flour was high (Sosulski et 
al., 1973).

As shown in Table 2, the protein solu
bility index (PSI) of sunflower flour was 
16.1%, as compared to 21.4% for the 
commercial soy flour. The PSI of sun
flower protein concentrates was much 
lower than the sunflower flour with 
values ranging from 2.1-3.3%. The pro
tein solubilities of the protein concen
trates subjected to higher temperature 
(i.e., DE-90) were slightly lower than 
those prepared under more moderate 
conditions (i.e., DE-60). Similar to soy 
proteins, sunflower proteins are sensitive 
to moist heat, the condition widely recog
nized to denature most natural proteins. 
Despite these low solubilities, the PSI of 
sunflower protein concentrates was com
parable to the commercial soy protein

concentrates tested in this study. The 
sunflower protein isolate (DE-60) had a 
similar PSI with one of the commercial 
soy isolate (Supro 610), but distinctly 
different from another (Promine D).

The water absorption capacities of 
sunflower material varied considerably 
depending on the type of products. The 
water absorption of sunflower flour was 
107.1% of its weight at 14% moisture 
basis, while that of protein concentrates 
were 137.8, 166.2 and 203.0% for DE-60, 
DE-80 and DE-90, respectively, and 
155.1% for the protein isolate (Table 2). 
It should be noted that the water absorp
tion capacity of sunflower protein con
centrates increased as the PSI of these 
products became lower. The results 
showed that heat dénaturation did not 
lower the water-imbibing capacities of 
sunflower proteins, but instead improved 
these properties. A similar effect was 
reported on the soy proteins (Anon., 
1964). The DE-60 sunflower protein iso
late had a higher water-absorption capac
ity than its parent protein concentrate, 
but still was lower than the high heated 
concentrates DE-80 and DE-90. In terms 
of water absorption, all sunflower prod
ucts other than DE-90 protein concen
trate had lower values than their soy 
counterparts. The higher absorption 
capacity of water by soy products may 
suggest that soy proteins are more hydro
philic in nature than the sunflower pro
teins.

Data on fat absorption clearly showed 
that soy products had oil absorption 
values ranging from 84.4—154.5% of their 
weight at 14% moisture basis, while sun
flower products extended from 207.8% 
for the flour to 256.7% for the isolate. 
Contrary to the absorption of water, all 
sunflower products bound more oil than 
the soy products. In this regard, structur
ally, the sunflower proteins could be 
more lipophilic than the soy proteins. 
Although the mechanism of fat absorp
tion by proteins is unclear, it seems likely 
that sunflower proteins contain numerous 
nonpolar side chains that have been be
lieved to bind the paraffin chains (hydro
carbon chains) of fats (Przylecki et al., 
1935), thereby contributing to higher 
absorption of oil.

The results on emulsification proper
ties in Table 2 are based on the percent
age of 50 ml of corn oil emulsified in 90 
ml water by 5g of soy or sunflower meal 
products at 14% moisture basis. Sun
flower flour which emulsified 95.1% of 
the added oil was superior to all other 
products tested. When the oil was added 
to the sunflower suspension during emul
sification, the oil-in-water emulsions 
appeared in the form of fine foams. These 
emulsions were very stable even during 
subsequent heat treatments and the vol
ume tended to increase during heating. 
Whether nonprotein constituents of sun

Table 2—Some functional properties of soy and sunflower meal products

Sample

pH
10% dis
persion

PSIa
%

Water
absorption3

%

Fat
absorption3

0//o

Oil
emulsifiedb

%

Control
Wheat flou r 5.9 21.7 60.2 84.2 11.7

Soy
Flour 6.6 21.4 130.0 84.4 18.0
Concentrate (Isopro) 5.0 2.3 227.3 133.0 2.8
Concentrate (Promosoy) 7.0 6.0 196.1 92.0 18.7
Isolate (Supro 610) 7.0 17.4 447.6 154.5 25.2
Isolate (Promine D) 7.1 71.1 416.7 119.2 22 .2

Sunflower
Flour 6.2 16.1 107.1 207.8 95.1
Concentrate (DE-60) 6.3 3.3 137.8 254.9 14.0
Concentrate (DE-80) 6.2 3.1 166.2 239.8 11.3
Concentrate (DE-90) 6.6 2.1 203.0 226.5 10.1
Isolate (DE-60) 7.0 18.2 155.1 256.7 25.6

a Mean of duplicate 
b Mean of triplicate

Table 3—W hippability  and foam stab ility  o f soy and sunflower meal products3

Vo l increase Volume of foam after whipping, ml.

Sample % 1 min 10 min 30 min 1 hr 2  hr

Control
Fresh egg white (30 ml) 250.0 620 565 545 520 468

Soy
Flour 70.0 160 131 108 61 20
Concentrate (Isopro) 170.0 400 28 13 8 5
Concentrate (Promosoy) 135.0 370 265 142 30 24
Isolate (Supro 610) 235.0 670 620 572 545 532
Isolate (Promine D) 230.0 660 603 564 535 515

Sunflower
Flour 230.0 600 522 487 467 420
Concentrate (DE-60) 220.0 610 522 453 380 170
Concentrate (DE-80) 230.0 600 520 430 321 50
Concentrate (DE-90) 225.0 540 465 375 140 15

Isolate (DE-60) 230.0 630 546 512 493 473

3 Mean of duplicate.
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flower flour aid in the formation of emul
sions remains unknown. It seems possible 
that sunflower flour proteins may collect 
at the surface of emulsified oil droplets to 
form a protective barrier that prevents 
the oil droplets from coalescing thereby 
causing emulsion breakdown. In terms of 
emulsification capability, sunflower flour 
apparently has a unique property that the 
other products do not have. However, 
most of the emulsification capacities of 
sunflower material were lost after the dif
fusion-extraction process. As seen in the 
data presented, the sunflower protein 
concentrates emulsified only 10.1 — 14.0% 
of the oil, which was slightly lower than 
one soy protein concentrate, but higher 
than the second. The emulsification 
capacity of DE-60 sunflower protein iso
late was 25.6% which was in general com
parable to soy isolates.

Data on whipping properties of soy 
and sunflower meal products were ex
pressed as volume increase due to whip
ping without addition of sugar (Table 3). 
Both sunflower flour and protein concen
trates increased in volume by about 
230%, as compared to 70% for the soy 
flour and 170% for one of the soy con
centrates. However, the sunflower and 
soy protein isolates had the same increase 
in volume of 230%. The sunflower flour 
and its protein isolate had the same whip- 
pability, although the protein content of 
sunflower flour was about 35% lower 
than that of the isolate. The results indi
cate that constituents other than proteins 
may aid in the formation of whipped 
foam. This is supported by Lawhon et al.

(1972) who reported that many water 
soluble extracts of oilseeds including 
glandless cotton flour and sunflower flour 
had a high whipping potential.

Foam stability is important since suc
cess of a whipping agent depends on its 
ability to maintain the whip as long as 
possible. As seen in Table 3, foams from 
sunflower flour and protein isolate were 
much more stable than those obtained 
from the protein concentrates. Among 
the sunflower protein concentrates, the 
DE-90 sample showed less stability than 
the DE-80 and DE-60 products. Presum
ably, severe heat treatment which results 
in heat dénaturation of proteins causes 
unstable foams. The DE-60 protein iso
late produced higher whip and more sta
ble foams than its parent protein concen
trate DE-60. Evidently, exposure of 
protein concentrates to extreme alkaline 
conditions (pH 11 — 12) during the pro
tein isolation process improved the whip- 
pability and foam stability. Soy flour and 
protein concentrates produced less stable 
foams than their sunflower counterparts. 
However, foams from both soy isolates 
were very stable.
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N U TR ITIVE VALUE OF BREAKFAST CEREAL-MILK COMBINATIONS

INTRODUCTION

THE QUESTION of whether breakfast 
cereals have any nutritive value to war
rant their widespread current use or 
whether they serve merely as a vehicle for 
nutrients such as vitamins and minerals 
which are added during processing has ex
ercised nutritionists for years and is still a 
matter of controversy today. As far as 
protein quality is concerned, it is well 
known that some cereal grains either will 
not support growth, or will support only 
slow growth when fed as the sole source 
of protein. It has further been shown by 
several investigators that certain proc
essed cereals, when fed as the sole source 
of protein, do not support even the mar
ginal growth that their relatively unmod
ified counterparts do, as shown, for 
example, by Sure (1951).

It is also well known, however, that 
cereals can make a useful contribution to 
protein nutrition when they are supple
mented by their limiting amino acids via 
milk, meat, legumes, or as the limiting 
amino acids themselves. As far as break
fast cereals are concerned, Blamberg
(1970) investigated five cereals using a 
chick assay method; half the protein was 
supplied by the cereal and half by peanut 
meal. Hackler (1972) studied protein ef
ficiency ratios (PER) by rat assay when 
35% of the protein was supplied by the 
breakfast cereal and 65% by casein. Both 
investigators reported that some of the 
cereals may not have contributed much 
protein for growth. Considering the fact 
that breakfast cereals are commonly eat
en with milk, it would seem appropriate 
to compare their nutritive value as they 
are actually eaten, that is, with milk. The 
proposition would then be whether these 
cereal proteins have been so badly af
fected by processing that even with milk 
they make no useful contribution to the 
cereal-milk mixture.

Thiessen and Reussner (1958) studied 
the effect of lysine supplementation on 
the nutritive value of a wheat breakfast 
cereal mixed with milk and sugar as 
normally eaten, that is, 1 oz cereal, 8g 
sugar (1 teaspoon) and whole dry milk 
solids equivalent to 4 oz whole milk. This 
approach seems to be the most logical 
one to use. We have therefore studied the 
protein quality of cereal-milk mixtures as 
compared to that of milk alone, using the 
slope-ratio assay (Hegsted and Chang, 
1965; Hegsted et al., 1968), or, more cor

rectly, by using Allison’s nitrogen growth 
index assay (Allison, 1959) because the 
slopes of the lines measuring protein qual
ity were calculated without use of the 
points for zero protein intake (Allison et 
al., 1959).

EXPERIMENTAL
E L E V E N  C E R E A L  p r o d u c t s  w e re  s tu d i e d .  A n

e f f o r t  w a s  m a d e  t o  s e le c t  p r o d u c t s  r e p r e s e n t i n g  
a  v a r ie ty  o f  p r o c e s s in g  c o n d i t i o n s .  C e re a ls  u s e d  
a n d  t h e i r  p r o t e in  c o n t e n t  (N  x  6 .2 5 )  w e re  as 
f o l l o w s :  “ q u ic k  c o o k in g ”  c o r n  g r i t s  ( 8 .8 7 % ) ;  
c o r n  f la k e s  ( 7 .9 4 % ) ;  p u f f e d  c o r n ,  s u g a r  c o a t e d  
( 4 .3 7 % ) ;  “ i n s t a n t ”  o a tm e a l  ( 1 5 .3 1 % ) ;  “ q u ic k  
c o o k in g ”  c r e a m  o f  r ic e  ( 5 .6 9 % ) ;  a  t o a s t e d  r ic e  
c e r e a l  ( 7 .3 1 % ) ;  p u f f e d  r ic e  ( 5 .9 4 % ) ;  “ i n s t a n t ”  
c r e a m  o f  w h e a t  ( 1 1 .3 7 % ) ;  s h r e d d e d  w h e a t  
( 1 0 .4 4 % ) ;  p u f f e d  w h e a t  ( 1 5 .2 5 % ) ;  a n d  a  r ic e

Table 1—Weight gains and protein efficiency ratios (PER) o f rats fed nonfat dry m ilk 
(NFDM) or cereal-NFDM mixtures combined in the p roportion o f 1 oz cereal w ith  4 oz flu id  
m ilk

Protein source

Dietary protein 
level 
(%)

Weight gaina 
(g) PER

NFDM 5.19 18.6 ± 1 .6b 1.96 ± 0.13b
7.19 49.7 ± 4.7 2.85 ± 0.17
9.06 79.3 ± 3.0 2.99 ±0 .10

Corn grits + NFDM 5.31 37.4 + 4.3 2.90 ± 0.19
7.19 62.5 ± 1.3 3.18 ± 0.05
9.31 92.7 ± 7.3 3.07 ± 0.09

Corn flakes + NFDM 4.94 27.5 ± 1.9 2.61 ± 0.13
6.94 57.4 ± 3.7 3.15 ± 0.09
8.75 84.7 ± 5.6 3.24 ± 0.10

Puffed corn + NFDM 5.19 38.4 ± 4.3 3.02 ± 0.24
7.06 56.0 ± 4.0 3.11 ± 0.10
8.94 81.8 ± 3.8 3.18 ± 0.06

Oatmeal + NFDM 5.06 29.0 ± 2.7 2.52 ± 0.16
6.64 55.6 ± 2.1 3.18 ± 0.09
8.69 100.6 ± 3.3 3.50 ± 0.07

Cream o f rice + NFDM 5.12 39.6 ± 4.1 3.16 ± 0.19
7.12 69.3 ± 6.9 3.36 ± 0.17
9.12 105.7 ± 6.9 3.47 ± 0.14

Toasted rice cereal + NFDM 5.06 2 1.6  ± 2.0 2.16 ± 0.10
7.00 46.4 ± 4.3 2.85 ± 0.23
8.69 72.0 ± 4.1 2.98 ± 0.11

Puffed rice + NFDM 5.31 17.6 + 2.4 1.86  ± 0.15
7.62 34.9 ± 2.1 2.35 ± 0.11
9.37 66.0 ± 3.6 2.68 ± 0 .11

Cream o f wheat + NFDM 5.19 18.5 ± 1.8 1.84 ± 0.13
7.19 61.1 + 5.3 2.98 ±0 .13
9.12 103.4 ± 5.1 3.34 ± 0.09

Shredded wheat + NFDM 5.19 24.3 ± 2.4 2.38 ± 0.19
7.12 72.6 ± 4.3 3.45 ± 0.09
9.31 100.3 ± 4.2 3.29 ± 0.07

Puffed wheat + NFDM 5.06 8.6 ± 2.2 0.99 ± 0.22
7.12 30.1 ± 3.0 1.94 ± 0.15
8.56 52.0 ± 3.3 2.42 ± 0.10

High protein flakes + NFDM 5.25 22.1 ± 2.9 2.08 ± 0.14
7.06 46.0 ± 2.1 2.55 ± 0.03
9.00 77.7 ± 4.0 2.77 ± 0.08

a  D u r i n g  a  21 d a y  period . A v g  i n i t i a l  w e i g h t s :  6 4 —65g 
b  S t a n d a r d  e rro r
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b a s e d  w h e a t  g lu te n - ly s in e  s u p p le m e n te d  p r o t e in  
c e r e a l  ( 2 0 .5 4 % ) .  A  m i x t u r e  w a s  m a d e  b y  u s in g  
e a c h  c e r e a l  a n d  n o n f a t  d r y  m i lk  ( 3 4 .7 5 %  p r o 
t e in )  in  t h e  r a t i o  o f  1 o z  c e r e a l  t o  4  o z  f lu id  
m i lk .  W h e n  n e c e s s a r y ,  t h e  c e r e a ls  w e re  g r o u n d  
b e f o r e  u s e .  E a c h  c e r e a l  m i x t u r e  w a s  i n c o r p o 
r a t e d  i n t o  d i e t s  t o  s u p p ly  a p p r o x i m a t e l y  5 ,  7  o r  
9 %  p r o t e i n .  In  a d d i t i o n  t o  t h e  c e r e a l - m i lk  m i x 
tu r e s  t h e  d ie t s  c o n t a i n e d ,  in  p e r c e n t ,  J o n e s  a n d  
F o s t e r  ( 1 9 4 2 )  s a l t  m i x t u r e  4 ;  n o n n u t r i t i v e  f ib e r  
4 ;  v i t a m in  m i x t u r e  ( G e n e r a l  B io c h e m ic a ls ,

C h a g r in  F a l ls ,  O h io )  1 ; c o r n  o i l  5 ;  a n d  c o r n 
s t a r c h  to  1 0 0 .  P r o t e i n  s o u r c e s  a n d  d ie t s  w e re  
a n a l y z e d  f o r  n i t r o g e n  b y  t h e  m a c r o - K je ld a h l  
m e t h o d  (A O A C , 1 9 6 5 ) .

T h e  d ie t s  w e r e  f e d  f o r  2 1  d a y s  t o  y o u n g  
m a le  r a t s  (S p ra g u e  D a w le y  s t r a in  f r o m  C h a r le s  
R iv e r  B re e d in g  L a b o r a to r i e s ,W i lm i n g to n ,  M ass .)  
a f t e r  a  1 - 3  d a y  a d j u s t m e n t  p e r i o d  d u r in g  
w h ic h  t h e y  w e re  f e d  a  c o m m e r c ia l  c h o w  
d ie t .  D ie ts  o f  s im i la r  p r o t e i n  c o n t e n t  c o n ta in in g  
n o n f a t  d r y  m i lk  b u t  n o  c e r e a ls  s e r v e d  a s  c o n 

t r o l s .  R a t s  w e re  w e ig h e d  w e e k ly ,  s c a t t e r e d  f o o d  
w a s  c a r e f u l ly  r e c o v e r e d  a n d  f o o d  i n t a k e s  d e t e r 
m in e d .  P r o t e i n  i n t a k e s  w e re  c a l c u l a t e d  u s in g  
th e  p r o t e i n  c o n t e n t  o f  t h e  d ie t s  a s  d e t e r m i n e d  
b y  a n a ly s is .  T h e r e  w e re  5 - 8  r a t s  p e r  le v e l  o f  
p r o t e i n .  O n e  g r o u p  o f  7  r a t s  w a s  f e d  a  p r o t e i n -  
f r e e  d ie t .

RESULTS & DISCUSSION

DIETARY PROTEIN levels, weight gains 
and protein efficiency ratios (PER) are 
shown in Table 1. PER is included for the 
benefit of those who prefer this measure
ment of protein quality to that obtained 
by a slope-ratio assay. Linear regression 
lines were calculated from the individual 
data (x = protein intake, y = weight gain) 
for each protein source. The individual 
protein intakes varied with the dietary 
protein levels and the food intakes. A 
multiple linear regression analysis (includ
ing the individual data from all the pro
tein sources) was used to determine the 
significance of differences between the 
slopes as is commonly done in the slope- 
ratio assay (Finney, 1964; Hegsted, et 
al., 1968). The weight loss of the group 
fed the protein-free diet (avg 19.7g) was 
not included in the multiple linear regres
sion analysis because the y intercept is 
dependent on the particular amino acid 
deficiency of the diet as pointed out by 
Hegsted (1972). He further stated that 
“ . . . the slope of the line relating intake 
and protein deposition when the intake is 
above maintenance is a true measure of 
the quality of protein for growth.” Alli
son stated a similar view (1959): “The 
rate of increase in body weight, with re
spect to nitrogen intake, was essentially 
linear at the lower nitrogen intakes so 
that the slopes of the curves, correlating 
body weight with nitrogen intakes, are a 
good measure of the nutritive value of the 
dietary protein.” It should perhaps be 
stated, however, that significant differ
ences between the slopes were the same 
whether or not the weight losses of the 
group fed a protein-free diet was in
cluded. Slopes, slope ratios, and standard 
errors of the slope ratios are given in 
Table 2 for each protein source. The 
standard errors of the slope-ratios were 
computed according to procedures de
scribed by Finney (1964).

All of the regression lines were tested 
and found to be linear except the one for 
the shredded wheat-milk mixture. In this 
case the regression line presented here 
was calculated from data from rats fed 
the two lower protein levels. The y inter
cepts from the individual simple linear re
gression analyses varied from —7.4 to 
—22.5 whereas the y intercept from the 
multiple linear regression analysis was 
-15.96. The slope ratios show that the 
protein quality of three of the cereal-milk 
mixtures (shredded wheat-milk, cream of 
rice-milk, and oatmeal-milk) is signifi
cantly higher than that of milk alone, in
dicating the effectiveness of the amino

Table 2—Slopes o f regression lines, slope ratios, standard errors o f slope ratios o f nonfat dry 
m ilk (NFDM) or cereal-NFDM mixtures3

Protein source
Number o f 

animals Slopeb
Slope
ratio0

Standard 
error o f 

slope ratio

NFDM 21 3.79
Corn grits + NFDM 17 3.90 1.027 0.0242
Corn flakes + NFDM 20 3.96 1.043 0.0243
Puffed corn + NFDM 23 3.95 1.043 0.0236
Oatmeal + NFDM 22 4.06e 1.070 0.0240
Cream o f rice + NFDM 22 4.14e 1.092 0.0237
Toasted rice cereal + NFDM 20 3.72 0.980 0.0240
Puffed rice + NFDM 22 3.38f 0.892 0.0239
Cream o f wheat + NFDM 24 3.83 1.009 0.0220
Shredded wheat + N FDM ° 14 4.17e 1.10 0 0.0298
Puffed wheat + NFDM 24 3.12f 0.822 0.0233
High protein flakes + NFDM 21 3.41f 0.898 0.0218

a  Y  i n t e r c e p t  o b t a i n e d  f r o m  t h e  m u l t i p l e  l i n e a r  r e g r e s s i o n  a n a l y s i s  u s e d  i n  t h e  s l o p e - r a t i o  a s s a y  

p r o c e d u r e  w a s  — 1 5 . 9 6 .  I n d i v i d u a l  Y  i n t e r c e p t s  o b t a i n e d  f r o m  t h e  s i m p l e  l i n e a r  r e g r e s s i o n  

a n a l y s e s  v a r i e d  f r o m  — 7 . 4  t o  — 2 2 . 5 .

b  S l o p e  o b t a i n e d  f r o m  t h e  m u l t i p l e  l i n e a r  r e g r e s s i o n  a n a l y s i s  u s e d  i n  t h e  s l o p e - r a t i o  a s s a y  

p r o c e d u r e

c  R a t i o  o f  s l o p e  o f  t h i s  p r o t e i n  s o u r c e  t o  t h e  s l o p e  o f  N F D M

^  O n l y  d a t a  f r o m  r a t s  f e d  5  a n d  7 %  p r o t e i n  w e r e  u s e d  t o  c a l c u l a t e  r e g r e s s i o n  l i n e ;  s e e  t e x t .  

e  S i g n i f i c a n t l y  (P  <  0 . 0 5 )  h i g h e r  t h a n  f o r  N F D M  a lo n e  

*  S i g n i f i c a n t l y  ( P  <  0 . 0 5 )  l o w e r  t h a n  f o r  N F D M  a l o n e

Table 3—C ontribution o f cereal-milk m ixtures to  RDA (protein) o f 8—10-yr-old children3

Protein

Relative % RDA (protein)

Protein source Tota la
% from  

m ilk
potential
valueb>°

fo r 8—10-yr-old 
ch ildd

Nonfat dry m ilk  (NFDM) 4.2 100 4.2 10.5
Corn grits + NFDM 6.7 62.9 6.9 (64) 17.2
Corn flakes + NFDM 6.4 65.4 6.7 (60) 16.7
Puffed corn + NFDM 5.4 77.5 5.6 (33) 14.0
Oatmeal + NFDM 8.5 49.5 9.1 (117) 22.7
Cream o f rice + NFDM 5.8 72.5 6.3 (50) 15.7
Toasted rice cereal + NFDM 6.2 67.2 6.1 (45) 15.2
Puffed rice + NFDM 5.9 71.7 5.3 (26) 13.2
Cream o f wheat + NFDM 7.4 56.9 7.5 (79) 18.7
Shredded wheat + NFDM 7.1 59.0 7.8 (86) 19.5
Puffed wheat + NFDM 8.5 49.6 7.0 (67) 17.5
High protein flakes + NFDM 9.9 42.2 8.9 (112) 22 .2

3 I n  4  o z  f l u i d  m i l k ,  o r  4  o z  f l u i d  m i l k  +  1 o z  c e r e a l  

b  A s s u m i n g  m i l k  p r o t e i n  h a s  a  p o t e n c y  o f  1 0 0 .  F i g u r e s  in  

d u e  t o  c e r e a l .

c  T o t a l  p r o t e i n  X  s l o p e  r a t i o  ( s e e  T a b l e  2 ) .  P e r c e n t  in c r e a s e  

^  R D A  f o r  8 — 1 0 - y r - o l d  c h i l d  =  4 0 g  p r o t e i n .

p a r e n t h e s e s  a r e  t h e  p e r c e n t  i n c r e a s e  

o v e r  m i l k  a l o n e  i n  p a r e n t h e s e .
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acids of the cereal in balancing the amino 
acids of milk.

There were no significant differences 
among the corn cereal-milk mixtures 
(Table 2). This was surprising because the 
protein quality of the other puffed 
cereal-milk mixtures was lower than that 
of the other mixtures in the same group. 
There is no good explanation for this 
finding unless the slightly higher propor
tion of milk protein to cereal protein, as 
shown in Table 3, is the answer.

The nutritive quality of the cream of 
rice-milk mixture was significantly higher 
than that of milk alone, indicating that 
rice protein and milk proteins comple
ment each other. The quality of the other 
two rice cereal-milk mixtures was lower 
than that of cream of rice-milk, indicating 
that there were not sufficient amino acids 
in the milk protein to mask the damage 
due to processing of the rice.

The high nutritive quality of the shred
ded wheat-milk mixture, greater than that 
of cream of wheat-milk, is a reflection of 
the difference in protein quality of dif
ferent parts of the wheat kernel (whole 
wheat vs. endosperm). It is interesting to 
note that Murlin et al. (1938) in a study 
of the egg-replacement value of cereals 
for human subjects found that “wheat 
endosperm” (cream of wheat) had a bio
logical value of 79.7 and “torn wheat” 
(shredded wheat) a biological value of
92.8. The milk proteins do not appear to 
have the necessary amino acids to raise 
the nutritive value of the wheat endo
sperm to that of whole wheat.

The applicability to man of the results 
of studies of protein quality based on ex
periments with animals has been debated 
for years. Recently Hegsted (1972) sug
gested that most proteins would probably 
be more adequate for man, even for chil
dren, than for young growing rats. Using 
the slope ratios of the cereal-milk mix
tures, we have calculated the potential 
protein value of the usual cereal-milk 
breakfast and the proportion of the 
recommended daily allowance of an
8—10-yr-old child (40g) the mixture 
would supply (Table 3). Also included in 
the column for potential protein value is 
the percent increase due to cereal. It can 
be seen that because of low protein con
tent, and in the case of puffed rice, a 
comparatively low slope ratio, puffed 
corn and puffed rice made the smallest 
contributions to protein nutriture. How
ever, even though the slope ratio of 
puffed wheat-milk is much lower than 
those of the other wheat cereal-milk mix
tures, the protein content of puffed 
wheat (15.25%) is such that it is still able 
to increase potential protein value by 
67%.

A normal serving of the other cereal- 
milk mixtures studied would supply pro
tein in amounts to satisfy 15-22% of the 
RDA of the 8—10-yr-old child. Although 
the slope ratio of the high protein flakes- 
milk mixture is no higher than that of 
puffed rice, the potential protein value of 
a serving is similar to that of oatmeal- 
milk. Information of the type given in the 
last column of Table 3 would be useful to

the consumer in evaluating food com
binations as eaten.
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HYDROLYSIS OF LACTOSE IN ACID WHEY BY LACTASE 
BOUND TO POROUS GLASS PARTICLES IN TUBULAR REACTORS

INTRODUCTION

IMMOBILIZATION of enzymes on parti
cles, fibers, or membranes may allow 
multiple reuse of the enzyme, control of 
the selectivity between various reactions 
in multienzyme reactions, modification 
of the optimum pH of the enzyme, and 
may prevent contamination of the prod
uct by the enzyme (Katchalski, 1970; 
Jackson and Edwards, 1973; Wingard, 
1972; Zaborsky, 1973).

The low tolerance for lactose of many 
humans beyond early childhood, the 
millions of pounds of lactose available 
annually as an edible by-product in whey, 
and the processing difficulties associated 
with its use as a food additive have led to 
research aimed at the production of new 
low-lactose foods. Lactose may be hydro
lyzed to more digestible glucose and 
galactose using microbial lactases (beta- 
galactosidase, EC 3.2.1.23) in soluble 
(Giacin et al„ 1973; Hood, 1971; Kosi- 
kowski and Wierzbicki, 1971, 1973; Kosi- 
kowski et al., 1972; Olson and Stan
ley, 1973; Wendorff et al., 1971; Wierz
bicki and Kosikowski, 1973) and immobi
lized forms (Dahlqvist et al., 1973; 
Eskamani et al., 1973; Giacin et al., 
1973; Harper and Okos, 1973; Olson and 
Stanley, 1973; Stanley and Palter, 1973; 
Wierzbicki et al., 1973a, b, c; Woychik 
and Wondolowski, 1972, 1973).

The well-characterized lactases from 
Escherichia coli have also been immobi
lized and tested with synthetic substrates 
for scientific purposes (Broun et al., 
1973; Bunting and Laidler, 1972; Kay 
and Crook, 1967; Mattiasson and Mos- 
bach, 1971; Robinson et al., 1971; Sharp 
et al., 1969) and as a diagnostic tool for 
intestinal cancer (Stasiw et al., 1972).

This paper summarizes research on the 
rate of hydrolysis of lactose in acid whey 
pumped continuously through cylindrical 
reactors packed with porous glass parti
cles to which lactases from Aspergillus 
niger have been immobilized by diazotiza- 
tion of the glass surface. This work differs

1 Present address: Central Research Labora- 
tories, Standard Brands, Inc., Stamford, CT 
06902

2 Present address: Merck, Sharp, & Dohme 
Research Laboratories, Merck & Co., Inc., 
Rahway, NJ 07065

3 Reprint requests should be addressed to
F.V. Kosikowski, Dept, of Food Science, 
Cornell University, Ithaca, NY 14850

from previous work in the combination 
of the following features. First, the car
rier, coupling method and enzyme were 
selected for optimum stability and activ
ity in acid whey. Second, film diffusion 
effects on the reaction rate were evalu
ated. Third, both whole and deprotein- 
ized whey of various concentrations were 
tested as substrates. The results can be 
used to perform a preliminary design and 
economic evaluation of a process using 
immobilized lactases to hydrolyze lactose 
in acid whey, acid whey concentrates, or 
deproteinized acid whey.

MATERIALS & METHODS
P r e p a r a t io n  o f  g la s s - im m o b i l iz e d  
la c ta s e  (L B G )

M e th o d s  d e s c r ib e d  e a r l ie r  (W ie rz b ic k i  e t  a l .,  
1 9 7 3 a ,  b )  w e re  u s e d  to  p r e p a r e  a  d i a z o n iu m  s a l t  
d e r iv a t iv e  o f  p o r o u s  9 6 %  s ilic a  g la ss  p a r t i c le s  
( 8 6 .5  n m  m e a n  p o r e  d ia m ,  7 5 - 1 2 5  (im  p a r t i c le  
d i a m e te r ;  C o rn in g  G la s s  W o rk s ,  C o r n in g ,  N .Y .)  
t h a t  h a d  b e e n  s i la n iz e d  w i th  1 0 %  y -a m in o -  
t r i e th o x y s i l a n e  in  a c e t o n e  b y  a  m o d i f i c a t i o n  o f  
a n  e a r l ie r  p r o c e d u r e  ( R o b in s o n  e t  a l . ,  1 9 7 1 ) .  
L o t s  n u m b e r s  2  a n d  3 o f  p a r t i a l l y  p u r i f i e d  (3- 
g a la c to s id a s e  ( E C 3 .2 .1 .2 3 )  f r o m  A. niger 
(B a x te r  L a b o r a to r i e s ,  C h ic a g o )  w e re  m ix e d  a n d  
c o u p le d  to  t h e  d i a z o t i z e d  g la ss  in  p h o s p h a te  
b u f f e r  o f  p H  6 .8  c o n ta in in g  2 %  l a c to s e  t o  p r o 
d u c e  s ta b l e  a n d  a c t iv e  g la s s -b o u n d  la c ta s e s  
(L B G )  t h a t  h a v e  b e e n  c h a r a c t e r i z e d  in  e a r l ie r  
r e p o r t s  (W ie rz b ic k i  e t  a l . ,  1 9 7 3 a ,  b ) .  T h e  L B G  
w a s  s to r e d  in  a c id  w h e y  a t  4 ° C  u n t i l  u s e .

S u b s t r a t e

In  m o s t  e x p e r im e n t s ,  l a c to s e  in  f r e e z e - d r ie d  
a c id  w h e y  p o w d e r  f r o m  th e  F o o d  S c ie n c e  D e p t ,  
w a s  u s e d  d i r e c t l y  o r  in  d e p r o t e in i z e d  f o r m .  T h e  
c o n c e n t r a t i o n  o f  t h e  r e c o n s t i t u t e d  w h e y  m o s t  
c o m m o n ly  u s e d  in  t h e s e  e x p e r im e n t s  c o n ta in e d  
a b o u t  4 %  l a c to s e ,  0 .8 %  p r o t e in  a n d  1%  a s h .  T h e  
w h e y  w a s  d e p r o t e in i z e d  b y  b o i l in g  f o r  5 m in  
a n d  th e n  d e c a n t in g  a n d  f i l t e r in g  p r io r  t o  u s e  
(W ie rz b ic k i  e t  a l . ,  1 9 7 3 a ,  b ) .  S o m e  s p r a y -d r ie d  
w h e y  w a s  o b t a i n e d  f r o m  th e  D a iry  R e s e a r c h  
a n d  D e v e lo p m e n t  C o r p . ,  V e r n o n ,  N .Y . a n d  
r e c o n s t i t u t e d  w i th  d i s t i l le d  w a te r  w h e n  r e a d y  
f o r  u s e .  R e p o r t e d  t o t a l  s o l id s  c o n c e n t r a t i o n s  
(T S )  o f  r e c o n s t i t u t e d  w h e y  m a y  b e  in  e r r o r  b y  
a b o u t  ± 0 .5 %  d u e  to  v o lu m e t r i c  e r r o r s  a n d  to  
w a te r  u p t a k e  b y  w h e y  p o w d e r  b e f o r e  a n d  
d u r in g  w e ig h in g  a s  s h o w n  b y  m e a s u r e m e n t s  o f  
t h e  r e f r a c t iv e  i n d e x  o f  t h e  r e c o n s t i t u t e d  w h e y .  
T o l u e n e  w a s  u s u a l ly  a d d e d  a t  5 m l / l i t e r  w h e y  
to  p r e v e n t  m ic r o b ia l  g r o w th .  In  s o m e  c a s e s ,  
w h e y  w a s  p a s t e u r i z e d  in s te a d  (W ie rz b ic k i  e t  a l . ,  
1 9 7 3 a ,  c ) .

A ss a y  o f  e n z y m ic  a c t iv i ty

A f te r  c o n t a c t  w i th  L B G , 5 m l s a m p le s  o f  
w h o le  o r  d e p r o t e in i z e d  w h e y  w e re  h e a t e d  to  
8 0 ° C  f o r  5 m in  to  i n a c t iv a t e  la c ta s e s ,  c o o le d

a n d  a s s a y e d  f o r  t h e  e x t e n t  o f  l a c to s e  h y d r o ly s i s  
b y  e i t h e r  o n e  d im e n s io n a l  t h in - l a y e r  c h r o m a 
to g r a p h y  (T L C )  o r  b y  a  g lu c o s e  o x id a s e  p r o c e 
d u r e  (G S )  w h ic h  w e re  b o t h  d e s c r ib e d  e a r l ie r  
(W ie rz b ic k i  e t  a l . ,  1 9 7 3 a ,  1 9 7 3 b ) .

C o n t in u o u s  f lo w  r e a c t o r

V a r io u s  a m o u n t s  o f  L B G  w e r e  p a c k e d  b e 
tw e e n  tw c  a d ju s t a b l e  p i s to n - l ik e  d i s t r i b u t o r s  in  
a  j a c k e t e d ,  i s o th e r m a l  c h r o m a to g r a p h ic  c o lu m n  
w i th  a n  i n t e r n a l  d ia m  o f  1 .6  c m  ( P h a r m a c ia  
F in e  C h e m ic a ls ,  P i s c a t a w a y ,  N .J . ) .  W h e y  f r o m  a  
f l a s k  in  a  c o n s t a n t  t e m p e r a t u r e  w a t e r  b a th  
( 5 5 ° C  u n le s s  o th e r w is e  n o t e d )  w a s  p u m p e d  
p e r i s ta l t i c a l l y  a t  v a r io u s  c o n s t a n t  r a t e s  d o w n 
w a r d  t h r o u g h  th e  c o lu m n .  A  s e c o n d  p u m p  
c i r c u l a t e d  w a te r  f r o m  t h e  c o n s t a n t  t e m p e r a t u r e  
b a th  th r o u g h  t h e  c o lu m n  j a c k e t .

D u r in g  a s s a y s  o f  c o lu m n  a c t iv i t y ,  a  t h i r d  
p u m p  s u p p l ie d  f r e s h  w h e y  f r o m  a  2 0 - l i t e r  r e s e r 
v o ir  t o  t h e  f la s k  in  t h e  w a t e r  b a t h  a n d  th e  
r e a c t o r  e f f l u e n t  w a s  c o l l e c t e d  f o r  a n a ly s i s  o r  
d is c a r d e d .  B e tw e e n  a s s a y s ,  t h e  r e a c t o r  e f f l u e n t  
w a s  r e t u r n e d  to  t h e  s u p p ly  f la s k  in  t h e  b a t h  a n d  
c o n t in u o u s ly  r e c i r c u l a t e d  t h r o u g h  t h e  r e a c t o r .  
W h e n  o p e r a t in g  in  t h i s  m o d e ,  t h e  s p e n t  w h e y  in  
t h e  r e c i r c u l a t i n g  s y s te m  ( a b o u t  8 0 0  m l )  w a s  
r e p la c e d  d a i ly  w i th  f r e s h  w h e y .  P e r io d i c  b a c k -  
w a s h in g  o f  t h e  c o lu m n  o f  L B G  w i th  2 l i t e r s  o f  
d is t i l l e d  w a te r  c o n ta in in g  5 m l  t o l u e n e  p e r  l i t e r  
f u r t h e r  s e rv e d  to  d i s in f e c t  t h e  L B G  a n d  t o  
r e m o v e  c o l lo id a l  m a t t e r ,  i n c lu d in g  m ic r o o r g a n 
is m s , w h ic h  a c c u m u la t e d  d u r in g  n o r m a l  o p e r a 
t i o n  a n d  le d  t o  a  h ig h  p r e s s u r e  d r o p  a c r o s s  t h e  
c o lu m n  a f t e r  e x t e n d e d  p e r io d s  o f  o p e r a t i o n  
( s e v e ra l  w e e k s ) .  T h e  h y d r o l y t i c  a c t i v i t y  o f  L B G  
s h o w e d  n o  a p p a r e n t  e f f e c t s  o f  t o l u e n e  t r e a t 
m e n t .

A f te r  c o n t i n u o u s  f lo w  s tu d i e s  o f  d i f f u s io n a l  
e f f e c t s  in  c o lu m n s  p a c k e d  w i th  1 , 5  a n d  1 0 .5  
c m  o f 'L B G ,  m o s t  e x p e r i m e n t s  w e re  d o n e  w i th  
t h e  lo n g e s t  c o lu m n  t o  m in im iz e  t h e  p o s s ib i l i ty  
o f  f i lm  d i f f u s io n  e f f e c t s .  T h e  a c t u a l  l e n g th  o f  
t h e  1 0 .5  c m  c o lu m n  d e c r e a s e d  f r o m  a n  in i t i a l  
v a lu e  o f  1 0 .8  c m  to  9  c m  a f t e r  3 m o n t h s  o f  u s e  
d u e  m a in ly  t o  lo s s e s  o f  L B G  d u r in g  f r e q u e n t  
b a c k w a s h in g .  A ll c a l c u l a t i o n s  w e re  b a s e d  o n  th e  
a c t u a l  c o lu m n  le n g th  d u r in g  a n y  g iv e n  e x p e r i 
m e n t .

RESULTS

Consistency of assays for 
lactose hydrolysis

Usually both TLC and GS methods 
were used to determine the extent of 
reaction, but only GS data are reported in 
Figures 2, 3 and 4. Figure 1 includes all 
data in Figures 2, 3 and 4 and shows that 
TLC indicated consistently higher lactose 
conversions than the GS assay. Deviations 
were greatest at intermediate conversions 
and least at high conversions. Samples at 
lower total solids (TS) concentrations
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showed smaller systematic differences 
despite dilution of all samples to similar 
concentrations before assay. The two

methods differed by 10% or less in 20 of 
the 27 samples of whole whey containing
4—6% TS. Nine data for deproteinized

whey showed much better agreement 
between the TLC and GS methods. The 
two methods agree very well considering

Fig . 1 -C o m p a r is o n  o f  la c to se  h y d ro ly s is  d e te rm in e d  o n  id e n t ic a l sam 

p les  b y  b o th  th in - la y e r  c h ro m a to g ra p h y  (T L C I a n d  a g luco se  ox ida se  

m e th o d  (G S ); a c id  w h e y : ( H ,  4 - 6 %  TS; ( • ) ,  15% TS ; ( • ) ,  25%  TS; 
d e p ro te in iz e d  a c id  w h e y : ( t ), 4 —6%  TS.

Fig. 3 —G luco se  p ro d u c t io n  a t  va rio us  res idence  tim e s  in  c o lu m n  4  (1 .6  
cm  d ia m  X 10 .5  cm , L B G ) fro m  la c to se  in  d e p ro te in iz e d  a c id  w h e y , p H  
= 4 .5 , T  =  55= C, 5 .5%  TS. E x p e r im e n t n u m b e r : ( • ) ,  1; (H ,  2 ;  ( r ) ,  3 , 
ba ckw a shed  a n d  re p a cke d  b e fo re  e x p e r im e n t;  ! * ) ,  4 , a p p ro x im a te ly  2  

w k  o f  s e m ic o n tin u o u s  o p e ra t io n  a f te r  re p a c k in g  o f  L B G  c o lu m n ;  
(— ) co m p o s ite  cu rve  f o r  5 .5 %  TS.

F ig . 2 —G luco se  p r o d u c t io n  a t  va rio us  f lu id  re s idence  tim e s  in  c o lu m n  4  
(1 .6  cm  d ia m  X 10 .5  cm , L B G ) f ro m  lac to se  in  a c id  w h e y , p H  = 4 .5 , T

=  5 5 °  C. ( - W - ) ,  4% TS ; ( - • - ) ,  5% TS; ( - • - ) ,  6%  TS; (------ ) c o m p o s ite
cu rve  fo r  5 .5%  TS.

F ig . 4 —G lucose  p r o d u c t io n  a t  va rio us  res idence  tim e s  in  c o lu m n  4  fro m  
la c to se  in  c o n c e n tra te d  a c id  w h e y ; p H  =  4 .5 , T =  55° C. ( —• —) ,  25%  TS; 
( —* —), 15% TS ; (— ) c o m p o s ite  a t  5 .5%  TS f ro m  F ig . 2 ;  ( - - - - )  100%

h y d ro ly s is  o f  lac to se  a t  5 .5%  TS;  ( -------- ) 100%  h y d ro ly s is  o f  lac to se  a t

15% TS.
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Fig . 5 —S u m m a ry  o f  g lucose  p ro d u c t io n  in  c o lu m n s  o f  L B G  o f  1 .6  cm
d ia m  a n d  va rio us  leng ths . ( ..........)  c o m p o s ite  cu rve  fro m  F ig . 2  fo r  5.5%
TS, w h e y , c o lu m n  4  (1 0 .5  cm  lo n g ) ;  ( A), 5 .5%  TS, w h e y , c o lu m n  3  (5  
c m  lo n g ) ;  ( —* —), 5 .5%  TS, p a s te u r iz e d  w h e y , c o lu m n  2  (1 c m  lo n g ) ;  
(-------- ), 4 .5%  TS, d e p ro te in iz e d  w h e y , c o lu m n  1 ( 1  c m  lo n g ), c o r re la 

t io n  o f  W ie rz b ic k i e t  a l., 1 9 7 3 b ; ( -------------), c o m p o s ite  cu rve  fro m

Fig . 3  fo r  5 .5%  TS, d e p ro te in iz e d  w h e y , c o lu m n  4, ( • )  5% lac tose  
in  a c id  w h e y , p H  - 4 . 7 ,  T  = 3 7 °  C, da ta  o f  W o y c h ik  a n d  W o n d o lo w s k i,  
1973.

that the TLC method depended upon 
visual estimation of percent hydrolysis.

Reproducibility of continuous 
flow reactions

Variations in conversion at constant 
flow rate arise from experimental errors, 
concentration of lactose in the acid whey 
fed to the column, use of whole or depro
teinized whey and channeling due to 
imperfect packing in the LBG column.

Figure 2 shows three separate experi
ments with reconstituted freeze-dried 
whey containing 4, 5 and 5.5% TS. Glu
cose concentrations were measured by 
the GS method. The abscissa is the appar
ent or superficial residence time, which is 
the ratio of the column volume (V) 
divided by the flow rate (F). Except for 
the gradual loss of LBG during back- 
washing, the column volume was constant 
and reproducible on a single repacking 
within the limits of accuracy of our 
detection method (ruler).

The data show little scatter and trend 
towards the final glucose concentration 
expected if all lactose were hydrolyzed in 
whey solutions containing 4, 5 and 6% TS 
of which 80% by weight of the original 
solids was anhydrous lactose. Points for 
each experiment could be drawn at the 
origin to symbolize the absence of detect
able glucose in untreated controls and the 
equivalent reactor conditions of infinites

imal contact times between whey and 
enzyme. The dashed line in Figure 2 is a 
composite curve of the data of the two 
experiments at 5 and 6% TS (average = 
5.5% TS) and is thus extrapolated to the 
origin. At a product concentration of lOg 
glucose/liter, the specific activity from 
the composite curve for 5.5% TS is 98 
;Umoles/min/g dry LBG, based on 0.85g 
dry LBG/ml of packed column.

Figure 3 compares data of four sub
sequent experiments with the same 
column using four batches of reconsti
tuted, deproteinized whey which original
ly contained 5.5% TS. The first two 
experiments were conducted on succes
sive days. The lower conversion in experi
ment 2 may be due to a lower initial TS 
concentration. TS concentrations are 
accurate to about ±0.5%. Experiments 3 
and 4 are in good agreement with the 
data of the earlier experiments, despite 
backwashing and repacking of the col
umn, followed by about 2 wk of semi- 
continuous operation prior to experiment 
4 and variability between batches of 
whey. Because no simple kinetic model 
fits the data, dashed lines were drawn to 
enclose most of the data and then a solid 
line was drawn by eye to maximize rep
resentation of all data in Figure 3 and to 
extrapolate to the origin. At a glucose 
concentration of lOg/liter, the specific 
activity from the composite curve in

Figure 3 is 78 jumoles/min/g dry LBG, 
based on a packing density of 0.85g dry 
LBG per ml of column.
Effects of total solids 
concentration

At equal fluid residence times in the 
LBG column, increased lactose concentra
tions increase rates of lactose hydrolysis 
(Fig. 2 and 4), showing the hydrolysis 
reaction is not zero order in whey solids 
concentration. Glucose concentrations 
determined by the GS method are re
ported in Figure 4, although Figure 1 
shows that at the higher TS values, the 
TLC data indicated about 10—20% higher 
lactose conversions. As lactose concentra
tion is increased, the fractional hydrolysis 
of lactose to glucose and galactose is less 
at any given residence time (Fig. 4), 
showing that the reaction is also not first 
or higher order in whey solids concentra
tion. The same conclusions apply when 
conversions measured by TLC are plotted 
instead of the GS data.

The GS data appear to extrapolate to a 
common slope at low conversions and 
holding times, where diffusional effects 
and product inhibition would be least 
important and where lactose would also 
have least effect in the absence of sub
strate inhibition or activation. However, 
more experiments at high whey solids 
concentrations and low conversions would 
probably show that the reaction is not 
zero order in whey solids concentration 
(Fig. 2 and 3).

Subsequent experiments with depro
teinized whey also showed higher rates of 
lactose hydrolysis at higher TS concentra
tions. The results will not be presented 
here because they are similar to those in 
Figure 4.

During these first four groups of 
experiments, which lasted about 2 
months, the LBG column was continu
ously maintained at 55°C and the length 
decreased from 10.8 to 10.3 cm. Al
though a nominal value of 10.5 cm is 
used throughout the discussion, the 
actual column length was used to com
pute the superficial holding times re
ported in Figures 2 — 5.
Diffusional effects

Figure 5 compares glucose production 
in whey at equal fluid residence times for 
LBG columns of different lengths (Col
umns 1 and 2, 1 cm; column 3, 5 cm; 
column 4, 10.5 cm; numbers indicate the 
time sequence of column preparation and 
experimental usage). The column and 
experimental conditions were identical 
except for the use of differing amounts 
and batches of LBG and the use of pas
teurized whey in column 1. If catalyst 
and reactant properties are held constant, 
such a comparison can be used to detect 
influences on the reaction rate of dif
fusional resistances in the fluid film sur
rounding the catalyst particles of LBG
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(Levenspiel, 1962). Examination of the 
curves and data for whole whey shows 
that conversions were the same for the
5-cm (triangles) and 10.5-cm (dotted line) 
columns within the limits of experimental 
error, but that lower conversions were 
obtained with the 1-cm column (inverted 
triangles) at all holding times. Confidence 
limits are shown as bars for one point of 
the six points shown for the 1-cm col
umn, because that point was based on 
seven replicate measurements and the 
student’s “t ” distribution could be ap
plied to compute the 95% confidence 
limits on the sample mean (Hoel, 1954). 
Because conversions were lower at all 
holding times, it is likely that the intrinsic 
lactase activity per unit volume was less 
in the 1-cm column, which was packed 
with an earlier preparation of LBG that 
was a 50/50 mix of toluene- and acetone- 
silanized LBG (Wierzbicki et al., 1973b). 
Also, TLC instead of GS assays were used 
to measure percent hydrolysis in column 
2, so the differences between the results 
for columns 2 and 4 are even more signifi
cant (Fig. 1).

If film diffusion was entirely respon
sible for the differences in the reaction 
rates, the curves for columns 2 and 4 
should approach the same limiting slope 
at sufficiently low conversions and hold
ing times, diverging at higher residence 
times until very high conversions force 
convergence again. Because the two assay 
methods differ most at intermediate con
centrations (Fig. 1), film diffusion is thus 
even less likely to be dominant. However, 
fluid velocities in columns 1 and 2 are 10 
times less than in column 4 at any given 
apparent residence time (V/F), so dif
fusion may decrease the reaction rate in 
the shorter columns for the entire range 
of data shown in Figure 5. Alternatively, 
channeling might account for erroneously 
low conversions in short columns (Li et 
al., 1972). Intraparticle diffusion effects 
were not evaluated, but could substan
tially decrease the apparent activity of 
LBG, especially in the presence of prod
uct inhibition (Jackson and Edwards, 
1973). Product inhibition has been dem
onstrated for A. niger lactase in soluble 
and immobilized form by Woychik and 
Wondolowski (1972).
Temperature and pH optima 
of lactase-BG

After more than 100 days of operation 
of column 4 in a stability experiment 
(Wierzbicki et al., 1973c), the optimum 
pH and temperature of the LBG column 
was determined in continuous flow assays 
for comparison with batch shake flask 
results, in which diffusional limitations 
had been shown to exist (Wierzbicki et 
al., 1973b). Table 1 summarizes the re
sults of experiments conducted with de- 
proteinized whey containing 5% TS in 
column 4, which by then was 9 cm long.

Table 1—Glucose production from  de- 
proteinized acid whey containing 5% TS by 
column 4 (after more than 100 days of 
operation) at V /F  = 7.2 min and various 
temperatures

Temp Glucose cone
(°C) (GS OD at 405 nm)

29 0 .12
41 0.25
55 0.32
59 0.35

The glucose concentration in the product 
stream was only 6.8g/liter or about 17% 
conversion at the highest temperature of 
59°C, due to severe loss in activity during 
one period of microbial contamination 
during the stability experiment which fol
lowed the experiments already described. 
Kinetics of lactose hydrolysis were pro
portional to fluid residence times at lower 
conversions at all temperatures tested. Al
though the observed reaction rates do not 
necessarily obey the Arrhenius equation 
because, no kinetic model could be found 
that would fit all the data presented here, 
an activation energy of 6.2 kcal/g mole 
was calculated from points at 30 and 
55°C on a smoothed curve drawn through 
the data. Operation at 59°C was brief to 
avoid possible further inactivation of the 
LBG.

Experiments were next conducted at 
55°C and V/F = 7 to 8 min with depro- 
teinized whey containing 5.5% TS and ad
justed to pH values between 3.5 (the opti
mum observed in batch shake flask 
experiments conducted between pH val
ues of 1.0 and 9.9; Wierzbicki et al., 
1973b) and 6.5, a value closer to that 
most useful in hydrolysis of lactose in 
sweet whey, skim milk, or whole milk. 
The highest conversions were at pH values 
of 3.5, with a 25% rate reduction at pH
4.5, a fourfold reduction at pH 5.5 and a 
tenfold reduction at pH 6.5, in good 
agreement with the results of batch assays 
(Wierzbicki et al., 1973b). Results at 
lower flow rates led to similar conclu
sions.

DISCUSSION

FIGURE 5 compares composite curves 
obtained with column 4 for both whole 
(Fig. 2, dotted line) and deproteinized 
(Fig. 3, dashed line) whey with results ob
tained earlier with the same column 
packed with smaller amounts of LBG, in
cluding a correlation published elsewhere 
(Wierzbicki et al., 1973b) and data of 
Woychik and Wondolowski (1973). Their 
data was obtained with the glutaralde- 
hyde derivative of acetone-silanized por
ous glass and the same commercial lac
tase.

Effects of deproteinization
Comparison of the composite curves 

for whole and deproteinized whey in 
Figure 5 appears to show a specific activ
ity about 25% lower for the depro
teinized whey, which is probably signifi
cant (Fig. 1), but cannot be verified 
statistically by any simple method. A 
definite conclusion concerning the effect 
of deproteinization cannot be drawn be
cause the experiments with deproteinized 
whey were conducted several weeks after 
the experiments with whole whey and the 
column may have simply lost some activ
ity during that period. Deproteinization 
should increase the diffusivities of the 
substrate and product and lessen the like
lihood of fouling of the LBG by precipi
tation of protein, but may produce in
hibitors of lactase (such as delta lactones 
if heat is used to deproteinize) or remove 
promoters or stabilizers of lactase. 
Comparison with previous work

Figure 5 shows a correlation obtained 
in the first series of experiments with 
LBG using toluene-silanized glass and the 
TLC assay (Wierzbicki et al., 1973b). 
These results (column 1, pasteurized 
whey, dashed line) are probably lower be
cause of a lower specific activity of the 
enzyme preparation.

The data of Woychik and Wondolow
ski (1973) are also shown in Figure 5, 
showing about half the specific activity of 
our preparations. They used the same en
zyme and porous glass of the same parti
cle size. Differences that could explain 
the differences in specific activity include 
the use of 37°C instead of 55°C and glu- 
taraldehyde coupling to the glass, which 
reacts primarily with epsilon amino 
groups (lysine residues) of the protein 
and secondarily with tyrosine, histidine 
and perhaps sulfhydryl residues (Tomi- 
matsu et al., 1971). The diazotized glass 
used here reacts primarily with the tyro
sine and other aromatic residues and sec
ondarily with lysine residues (Jackson 
and Edwards, 1973). The optimum tem
perature and pH are very similar for both 
lactase derivatives. Activation energies 
were also similar; 6.2 kcal/g mole in this 
work and 4.7 kcal/g mole in theirs. Low 
activation energies usually imply proc
esses controlled by diffusion or physical 
adsorption of the reactant and/or prod
ucts, rather than the reaction itself (Sat
terfield, 1970). In this case, it is unlikely 
that the reaction is zero order (Fig. 2—5; 
Woychik and Wondolowski, 1972), so the 
low activation energies are probably due 
to lower reaction rates at higher conver
sions achieved at higher temperatures.

The mixed order kinetics may be due 
in part to the product inhibition by D- 
galactose reported by Woychik and 
Wondolowski (1972) in 0.1M sodium ace
tate buffer at lactose concentrations of 
the same size as used here (up to 100
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raM). Calculations by conventional meth
ods (Satterfield, 1970) show that at V/F 
= 1 min, an average concentration differ
ence of 10 mM lactose between the bulk 
solution and the LBG particles would be 
required to sustain a reaction rate of 80 
/umoles/(g glass, min), which is the maxi
mum rate observed with column 1 and 
less than the maximum rates observed 
with columns 2, 3 and 4 (Fig. 5). Use of 
smaller particles or less active prepara
tions of LBG would increase the ef
fectiveness of the immobilized enzyme at 
the expense of higher pressure drops and 
possibly shorter catalyst lifetimes in the 
first case and larger reactors in the sec
ond.

Olson and Stanley (1973) have im
mobilized A. niger lactase to a phenol- 
formaldehyde resin by adsorption, fol
lowed by cross-linking with glutaralde- 
hyde. They obtained activities of 200 
jUmoles glucose produced/(min, g drained 
enzyme resin) at pH 4.0 and 45°C using 
substantially larger' particles (10-40 
mesh). They found a pH optimum of 4.0, 
an increasing lactase activity up to 60°C, 
but 15% loss in activity of the immo
bilized lactase at 55°C in 16 hr contact 
with 0.4M lactose in pH 4.0 sodium ace
tate buffer. Other results were qualitative
ly similar to ours, and the results of tests 
with their immobilized lactase with acid 
whey will be very interesting.
Other considerations involved 
in practical uses

Toluene obviously could not be used 
as a disinfectant in food processing and 
was not completely effective during the 
long term stability test with column 4 
(Wierzbicki et al., 1973c). The column 
was contaminated once by a mold and 
once by a mesophilic yeast during failure 
of a temperature control system while us
ing pasteurized, toluene-free whey. The 
second contamination resulted in severe 
activity loss, but the original LBG still re
tained significant lactose hydrolyzing 
activity after 8 months of frequent use. 
Other solutions to the problems of sanita
tion are described elsewhere (Wierzbicki 
et al., 1973c).

The data presented here are consistent 
with previous and subsequent work and 
provide a basis for a preliminary design 
and economic analysis of processes using 
immobilized lactases to produce low lac
tose acid whey products. The effects of 
protein recovery by ultrafiltration are un
known, but prehydrolysis with immobi

lized lactases would decrease the diffi
culty of the ultrafiltration process by 
decreasing the molecular weight of the 
permeating solutes, although desalting for 
recovery of the more digestible sugars 
would be more difficult. Processes using 
the soluble enzyme are clearly uneconom
ical at present because of the enzyme 
cost, but the good stability of LBG sug
gests that the immobilized enzyme proc
ess may succeed economically as well as 
technically, apart from the advantages of 
easier quality control and no enzymic 
contamination of the product. If carrier 
costs dominate, silica and organic carriers 
may offer less expensive alternatives.
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EFFECT OF ENZYMATIC HYDROLYSIS ON SOME 
FUNCTIONAL PROPERTIES OF WHEY PROTEIN

INTRODUCTION

AS A LIQUID by-product of the manu
facture of cheese and casein, whey has 
until recent times been considered to be a 
process effluent. Heat denatured whey 
proteins have been commercially available 
for several years; however, it is only re
cently that commercial techniques for 
preparing whey protein concentrates in a 
less denatured form have evolved (Morr et 
al., 1973). These developments have been 
stimulated by the need to reduce environ
mental pollution (Whey Utilization Con
ference, 1970) and to better utilize the 
nutritionally excellent whey proteins 
(Wingerd, 1971).

Utilization of whey protein isolates 
has become the subject of intensive in
vestigation. Demott (1972) suggested that 
whey proteins might serve as a supple
ment, or partial substitute, for other pro
teins in food products. Soft drink fortifi
cation with whey proteins has recently 
been demonstrated (Holsinger et al., 
1973). Wingerd (1971) discussed the 
ability of whey proteins to interact and 
complex with other proteins as well as 
the potential for whey proteins in the 
production of textured proteins. The 
foaming ability of whey proteins has been 
recognized for many years (Wiechers,
1952). Morr et al. (1973), in preliminary 
examination of different whey protein 
concentrates, investigated their foaming, 
emulsifying and buffering capabilities. 
Pronounced hydrolysis of the milk pro
teins to a polypeptide content of 5—40% 
is described in several British patents as a 
method for making egg substitutes from 
milk proteins (Kumetat and Beeby,
1954).

The present study was undertaken to 
further elucidate the functional proper
ties of whey protein with respect to 
foaming and emulsifying capacities and to 
observe the effect of enzymatic hydrol
ysis on these properties.

MATERIALS & METHODS

S o u r c e  o f  p r o t e i n s

C o m m e r c ia l  c o n c e n t r a t e  o f  w h e y  p r o t e in  
p r e p a r e d  b y  g e l f i l t r a t i o n  w a s  o b t a i n e d  f r o m  
S ta u f f e r  C h e m ic a l  C o .,  R o c h e s t e r ,  M in n . ( E N R -  
P R O  5 0 ) .  C a s e in  a n d  d ia ly s is  w h e y  p r o t e in  
c o n c e n t r a t e  w e re  p r e p a r e d  b y  p r e c i p i t a t i o n  o f

c a s e in  f r o m  s k im  m ilk  w i th  HC1 a t  a  p H  o f  4 .6 .  
T h e  p r e c i p i t a t e d  c a s e in  w a s  w a s h e d  t h r e e  t im e s  
w i th  w a te r ,  r e s o lu b i l i z e d  in  w a te r  b y  a d ju s t in g  
th e  p H  to  7 .5  w i th  N a O H , r e p r e c i p i t a t e d ,  
w a s h e d  a n d  f r e e z e  d r ie d .  D ia ly s a te  w h e y  p r o 
te in  c o n c e n t r a t e  w a s  p r e p a r e d  b y  d ia ly z in g  th e  
w h e y  (p H  4 .6 )  a t  2 ° C  f o r  7 2  h r  a g a in s t  a n  e x 
c e s s  o f  d i s t i l l e d  w a te r .  T h e  d ia ly s a t e  w a s  th e n  
f r e e z e  d r ie d .  G r a d e  A , lo w - h e a t ,  n o n f a t  d ry  
m i lk  (N F D M )  w a s  o b t a i n e d  f r o m  L a n d -O -  
L a k e s ,  M in n e a p o l is .

T h e  e n z y m e s  u s e d  w e re  o b t a i n e d  f r o m  th e  
fo l l o w in g  s o u rc e s :  P r o n a s e ,  C a l  B io C h e m ; p e p 
s in  ( 1 : 1 0 , 0 0 0 ) ,  C u d a h y ;  a n d  P r o la s e  (E B - 2 1 ) ,  
W a l le r s te in  C o .

G e l f i l t r a t i o n

G e l  f i l t r a t i o n  s tu d ie s  w e re  p e r f o r m e d  u t i l i z 
in g  a  P h a r m a c ia  K  1 5 / 9 0  c o lu m n  p a c k e d  w i th  
G -5 0  S e p h a d e x .  A  0 .2 5  m l s a m p le  o f  a  2 .5 %  
w h e y  p r o t e i n  s o l o f  e n z y m a t i c a l l y  h y d r o ly z e d  
w h e y  p r o t e i n  w a s  c h r o m a to g r a p h e d  w i th  0 .1 M  
a m m o n iu m  a c e t a t e  b u f f e r  s o l  a t  p H  7 .2  a t  a 
f lo w  r a t e  o f  2 8  m l / h r  a n d  th e  a b s o r b a n c y  r e 
c o r d e d  a t  2 8 0  n m . T h e  s a m p le s  w e re  a d ju s t e d  
t o  p H  7 .2  b e f o r e  a p p l i c a t i o n .

D ig e s t io n  p r o c e d u r e

S u s p e n s io n s  o f  w h e y  p r o t e in  (2 .5 %  w /w )  
p r e p a r e d  b y  g e l f i l t r a t i o n  w e re  a d ju s t e d  w i th  
HC1 o r  N a O H  to  p H  2 .0  f o r  p e p s in ,  a n d  7 .5 fo r  
P r o n a s e  a n d  P r o la s e  E B -2 1  a n d  w e re  h e ld  in  a 
w a te r  b a t h  a t  5 0 ° C  f o r  15 m in  b e f o r e  t h e  a d 
d i t i o n  o f  e n z y m e  a t  a  r a t i o  o f  1 p a r t  e n z y m e , 
t o  7 5  p a r t s  p r o t e i n .  T h e  s o l w a s  i n c u b a te d  a t  
5 0 ° C  a n d  s a m p le s  t a k e n  a t  s e le c te d  t im e  i n t e r 
v a ls . T h e  d ig e s t io n  v e ss e ls  w e re  c o v e r e d  w ith  
w a tc h  g la s s e s . D u r in g  th e  c o u r s e  o f  d ig e s t io n ,  
p H  c h a n g e d  v e ry  s l ig h t ly ,  i . e . ,  »  ± 0 .3  u n i t .  T h e  
s o ls  w e re  n o t  b u f f e r e d  b e c a u s e  o f  t h e  i n f lu e n c e  
b u f f e r  s a l t s  m ig h t  h a v e  o n  f o a m in g  o r  e m u ls i 
f y in g  p r o p e r t i e s .  T h e  e x t e n t  o f  p r o t e o ly s i s  w a s  
m o n i t o r e d  b y  f o r m o l  t i t r a t i o n .  A  5 .0  m l 
a l i q u o t  o f  t h e  h y d r o ly z e d  p r o t e i n  s o l w a s  
d i lu t e d  t o  1 5 .0  m l ,  t i t r a t e d  t o  p H  8 .5  w i th  
0 .0 2 N  N a O H , 2 m l o f  n e u t r a l i z e d  f o r m a l d e h y d e  
a d d e d  a n d  a g a in  t i t r a t e d  t o  p H  8 .5 .

T h e  m g  a - a m in o  n i t r o g e n  in  th e  s a m p le  w a s  
c a l c u l a t e d  f r o m  t h e  t i t r a t i o n  d a ta .

W h ip p in g  p r o p e r t i e s

T h e  w h ip p a b i l i t y  c h a r a c t e r i s t i c s  o f  th e  p r o 
t e in  s o ls  w e re  o b t a i n e d  b y  d i lu t i n g  a n  a p p r o 
p r i a t e  q u a n t i t y  o f  p r o t e i n  c o n c e n t r a t e  in  5 0  
m l H 2 O  to  a  f in a l  c o n c e n t r a t i o n  o f  4 %  p r o 
te in .  T h e  p H  o f  t h e  s o l w a s  a d ju s t e d ,  h e a t e d  
r a p id ly  a n d  i m m e d ia t e ly  w h ip p e d  a t  s p e e d  
8 in  a  K i t c h e n  A id ,  M o d e l  3 -C  m ix e r  e q u ip p e d  
w i th  a  w ire  w h ip .  S p e c i f ic  v o lu m e  w a s  d e t e r 
m in e d  b y  c a r e f u l ly  t r a n s f e r r in g  t h e  f c a m  to  
a  t a r e d  1 6 0  m l  c r y s t a l l i z a t i o n  d is h  a n d  w e ig h 
in g .  A f te r  w e ig h in g ,  t h e  s t a b i l i t y  o f  t h e  f o a m  
w a s  d e t e r m in e d  b y  c o v e r in g  t h e  w e ig h e d  d is h

w i th  a  1 /2  in .  m e s h  s c r e e n .  T h e  f o a m  w a s  
th e n  in v e r t e d  o v e r  a  f u n n e l  a n d  l i q u id  d r a in in g  
f r o m  th e  fo a m  w a s  c o l l e c t e d .  T h e  t im e  r e q u i r e d  
f o r  c o l le c t i o n  o f  l i q u id  e q u a l  t o  1 /2  o f  th e  
w e ig h t  o f  t h e  o r ig in a l  f o a m  w a s  r e c o r d e d .  A ll 
m e a s u r e m e n t s  w e re  m a d e  in  t r i p l i c a t e .

M e r in g u e s  w e re  a ls o  p r e p a r e d  b y  a d ju s t in g  
1 0 0  m l o f  1 0 %  p r o t e i n  s o l t o  p H  8 .5 ,  h e a t 
in g  to  8 0 ° C  a n d  w h ip p in g .  4 0 g  o f  s u g a r  w e re  
a d d e d  a f t e r  th e  f o a m  h a d  f o r m e d  a n d  w h ip p in g  
w a s  t h e n  c o n t i n u e d  u n t i l  i t  h a d  r e a c h e d  th e  
c o n s i s t e n c y  o f  a  f r e s h  e g g -w h i te  c o n t r o l .  T h e  
w h e y  p r o t e i n  c o n c e n t r a t e  f o a m  w a s  th e n  
d ip p e d  o u t ,  p la c e d  o n  h e a v y  p a p e r ,  p u t  i n t o  a 
1 3 8 ° C  o v e n  a n d  b a k e d  u n t i l  l ig h t ly  b r o w n e d .

T h e  e f f e c t  o f  e n z y m a t i c  h y d r o ly s i s  w a s  
d e t e r m in e d  b y  a d ju s t in g  a  4 %  s o l t o  th e  
o p t im u m  p H  f o r  t h e  p a r t i c u l a r  e n z y m e  a n d  
h e ld  in  a  w a te r  b a t h  a t  5 0 ° C  f o r  15  m in  b e f o r e  
t h e  a d d i t i o n  o f  e n z y m e  a t  a r a t i o  o f  1 :7 5 .  A f te r  
i n c u b a t i o n  f o r  d e s i r e d  t im e s  5 0  m l a l iq u o ts  
w e re  h e a t e d  r a p id ly  t o  8 5 ° C  a n d  im m e d ia t e ly  
w h ip p e d .

E m u ls io n  c a p a c i ty

T h e  e m u ls i f y in g  c a p a c i ty  w a s  d e t e r m in e d  b y  
a  p r o c e d u r e  s im i la r  t o  t h a t  o f  W e b b  e t  a l. 
( 1 9 7 0 ) .  A n  a l i q u o t  o f  2 .5 %  p r o t e i n  s o l w a s  
t a k e n  f r o m  a  s t a n d a r d i z e d  w h e y  p r o t e i n  so l 
w h ic h  w a s  e q u iv a l e n t  t o  2 5  m g  o f  p r o t e in .  
T h is  w a s  a d d e d  t o  1 0 0  m l o f  1 .0 M  N a C l 
s o lu t io n  in  a  4 0 0  m l b e a k e r  a t  2 5 ° C  a n d  th e  
m i x t u r e  t a r e d .  R e f in e d  c o r n  o il  w a s  a d d e d  f r o m  
a  5 0 0  m l g r a d u a te d  c y l in d e r  w h ic h  h a d  b e e n  
f i t t e d  w i th  a s t o p c o c k  a t  t h e  b a s e  t o  f a c i l i t a te  
d e l iv e ry  o f  t h e  o i l .  T h e  r a t e  o f  a d d i t i o n  w a s  
m a in t a in e d  c o n s t a n t  a t  1 m l / s e c  d u r in g  c o n t i n 
u o u s  s t i r r i n g .  E l e c t r i c a l  r e s i s ta n c e ,  m o n i t o r e d  
b y  a  v o l t m e t e r  w a s  u s e d  to  d e t e r m in e  th e  b r e a k  
p o i n t  o f  t h e  e m u ls io n .  T h e  e m u ls i f y in g  c a p a c i ty  
w a s  c a l c u l a t e d  a s  t h e  g o f  o il  r e q u i r e d  t o  r e a c h  
a n  in f i n i t e  e l e c t r i c a l  r e s i s ta n c e  m in u s  a  b l a n k ,  
w h ic h  c o n s i s t e d  o f  t h e  g o f  o il  r e q u i r e d  t o  r e a c h  
a n  in f i n i t e  e le c t r i c a l  r e s i s ta n c e  o f  1 0 0  m l s a l t  
s o l (5 1  -2g ) d iv id e d  b y  th e  a m o u n t  o f  p r o t e in  
(m g ) .

RESULTS & DISCUSSION

FIGURE 1 reports the relative activities 
of the proteolytic enzymes on the com
mercial whey protein concentrate. The 
data reveal the exceptionally broad 
specificity of Pronase, a fungal protease 
of Streptomyces grisus. Prolase EB-21, a 
food grade bacterial protease, exhibited 
the least activity, whereas pepsin demon
strated a slightly higher activity. It is of 
interest to compare the rates of hydrol
ysis in Figure 1 to that of the gel filtra
tion patterns, Figure 2. In the latter fig-
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u r e ,  P r o n a s e  a g a i n  d e m o n s t r a t e d  i t s  b r o a d  

s p e c i f i c i t y  b y  t h e  f o r m a t i o n  o f  m a n y  
p o l y p e p t i d e s  a n d  a m i n o  a c i d s .  T h e

c h r o m a t o g r a p h  f o r  P r o l a s e  E B - 2 1  d i f f e r e d  
v e r y  l i t t l e  f r o m  t h a t  o f  t h e  o r i g i n a l  w n e y  

p r o t e i n .  S o m e w h a t  s u r p r i s i n g  w a s  t h e  g e l

f i l t r a t i o n  p a t t e r n  o b t a i n e d  f o r  t h e  w h e y  

p r o t e i n  t r e a t e d  w i t h  p e p s i n .  T h i s  s a m p l e  
d i d  n o t  s h o w  a n  a p p r e c i a b l e  i n c r e a s e  i n

1 3  5 7
Time (hrs)

Fig . 1 —H y d ro ly s is  o f  a 2 .5%  w h e y  p ro te in  s o l b y  p ronase , p e p s in  

a n d  p ro la s e  E B -2 1 .

Fig. 3 —Effect o f  enzym atic hydrolysis o f whev protein concentrate
ISephadex) on emulsifying capacity.

Fig . 2 —C o m p a riso n  o f  g e l- f i l t r a t io n  p a tte rn s  o b ta in e d  f ro m  a 2 .5 %  
w h e y  p r o te in  s o l a f te r  re a c tin g  w ith  th e  e n z y m e  fo r  1 h r.

Fig. 4 -E ffe c t o f  enzym atic hydrolysis on specific volume o f  foam ob 
tained by whipping a heated whey protein sol (4% w/w , 85°C, 6
min whipping).
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a - a m i n o  n i t r o g e n ;  h o w e v e r ,  t h e  c h r o m a t 

o g r a m  o b t a i n e d  b y  g e l  f i l t r a t i o n  i n d i c a t e d  

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

p o i n t e d  o u t  b y  V e r m a  a n d  M c C a l l a  ( 1 9 6 6 )

w h o  o b s e r v e d  t h a t  a n  e n z y m a t i c  p r o t e 

o l y s i s  u n d e r  a c i d i c  c o n d i t i o n s  w a s  l i k e 
l y  t o  i n d u c e  f o r m a t i o n  o f  l a r g e  q u a n t i 

t i e s  o f  p o l y p e p t i d e s  a s  i n t e r m e d i a t e s  i n  

t h e  r e a c t i o n .  A n o t h e r  p e c u l i a r i t y  o f  t h i s

c h r o m a t o g r a m  w a s  t h e  d e s t r u c t i o n  o f  t h e  

f i r s t  p e a k  w h i c h  w a s  c o m p o s e d  m a i n l y  o f  
( i - l a c t o g l o b u l i n .  I t  a p p e a r s  t h a t  p e p s i n  
p r e f e r e n t i a l l y  a t t a c k e d  t h i s  p r o t e i n  a t  t h e  

p H  u s e d  t o  a d j u s t  t h e  s o l u t i o n  f o r  o p t i 

m u m  h y d r o l y s i s .
T a b l e  1 c o n t a i n s  t h e  e m u l s i o n  c a p a c i t y  

d a t a  f o r  t h e  d i f f e r e n t  p r o t e i n  s o u r c e s  
t e s t e d .  T h e  d i a l y z e d  w h e y  p r o t e i n  c o n 

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

e m u l s i o n  c a p a c i t i e s .  T h e s e  r e s u l t s  w e r e  
i n  a g r e e m e n t  w i t h  t h o s e  o f  M o r r  e t  

a l .  ( 1 9 7 3 ) ,  w h o  r e p o r t e d  t h a t  d i f f e r 

e n t  p r e p a r a t i o n s  o f  w h e y  p r o t e i n  c o n c e n 

t r a t e  h a d  s i m i l a r  e m u l s i o n  c a p a c i t i e s  w i t h  
t h e  e x c e p t i o n  o f  a  w h e y  p r o t e i n  c o m p l e x  
o b t a i n e d  w i t h  c a r b o x y m e t h y l c e l l u l o s e  

( C M C ) .  C a s e i n  s h o w e d  a  l o w e r  e m u l s i o n  
c a p a c i t y  t h a n  w h e y  p r o t e i n .  T h e  e m u l 

s i o n  c a p a c i t y  v a l u e  o b t a i n e d  f o r  N F D M  
s u p p o r t e d  t h e  d a t a  o b t a i n e d  f o r  c a s e i n  

a n d  w h e y  p r o t e i n  s i n c e  t h e  p r o t e i n  o f  
N F D M  is  a p p r o x i m a t e l y  7 8 %  c a s e i n .

E f f e c t  o f  p r o t e o l y s i s  o n  e m u l s i f i c a t i o n  
is  p r e s e n t e d  i n  F i g u r e  3 .  I t  i s  a p p a r e n t  
f r o m  t h e s e  d a t a  t h a t  t h e  e m u l s i o n  c a 
p a c i t y  d e c r e a s e d  a s  p r o t e o l y s i s  c o n t i n u e d .  

T h i s  w o u l d  s u g g e s t  t h a t  t h e r e  i s  a n  o p t i 
m u m  m e a n  m o l e c u l a r  s i z e  o f  t h e  p r o t e i n s  
i n v o l v e d  i n  e m u l s i f i c a t i o n  w h i c h  i s  l o w e r  
t h a n  t h a t  o f  c a s e i n .

T a b l e  2  s u m m a r i z e s  t h e  r e s u l t s  o b 
t a i n e d  f o r  v a r i o u s  w h i p p i n g  t r i a l s  p e r 

f o r m e d  o n  S e p h a d e x - p r o c e s s e d  w h e y  p r o 
t e i n  c o n c e n t r a t e .  H e a t  t r e a t m e n t  o f  t h e  

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

i n g .  H a n s e n  a n d  B l a c k  ( 1 9 7 2 )  r e p o r t e d  
t h a t  h e a t  t r e a t m e n t  w a s  d e t r i m e n t a l  t o  
f o a m  d e v e l o p m e n t  i n  a  C M C / w h e y  p r o 

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

t e i n  i n  s o l u t i o n  d u r i n g  h e a t  t r e a t m e n t s ,  
i n s t e a d  o f  a  d e n a t u r a t i o n  p h e n o m e n o n .  
T h i s  s e e m s  p r o b a b l e  s i n c e  h e a t i n g  w h e y  
p r o t e i n  p r e p a r e d  b y  g e l  f i l t r a t i o n  t o  7 5 ° C  

f o r  5  m i n  d i d  n o t  a f f e c t  d e v e l o p m e n t  o f  
f o a m  o r  f o a m  s t a b i l i t y .

U s i n g  a  6  m i n  w h i p p i n g  t i m e ,  a  c o n 
c e n t r a t i o n  o f  4 %  ( w / w )  p r o t e i n  p r o v e d  t o  

b e  t h e  o p t i m a l .  C o n c e n t r a t i o n s  a b o v e  4 %  
t e n d e d  t o  c l o g  t h e  m i x e r  b l a d e s ;  h o w e v e r ,  
t h i s  c o u l d  b e  a v o i d e d  i f  t h e  w h i p p i n g  
t i m e  w e r e  d e c r e a s e d .

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

c i f i c  v o l u m e  o b t a i n e d  a t  p H  2  a n d  p H  9  
w i t h  t h e  l o w e s t  v o l u m e s  o b t a i n e d  i n  t h e  
i s o - e l e c t r i c  r a n g e  o f  w h e y  p r o t e i n s .  E v e n  
t h o u g h  t h e  h i g h  a c i d  s o l u t i o n s  g a v e  g o o d  
v o l u m e s ,  t h e i r  s t a b i l i t y  w a s  p o o r .  S t a b i l 
i t y  i n c r e a s e d  w i t h  i n c r e a s i n g  a l k a l i n i t y  
a b o v e  p H  6 .  T h e  a d d i t i o n  o f  I N  C a ( O H )2

Table 1—Emulsifying capacity of casein, whey protein concentrate 
from  gel filtra tio n , whey protein concentrated by dialysis and nonfat 
dry m ilk  (NFDM)

Protein source g oil/m g protein

Casein 1.88
Dialyzed whey protein concentrate 2.99
Sephadex-processed whey protein cone 2.97
NFDM 2.17

Table 2—W hippability  o f whey protein concentrated by gel f iltra tio n 3

Variable
Specific vol 

m l/g

Foam
stability

(min)

I. Temp of heating (4% sol) °C ; no hold; pH 8.5
25 8.3 0
35 10.4 35
45 11.4 66
55 11 .6 72
65 ' 11.9 74
75 12 .2 75
85 14.0 77
95 14.3 80
75° (held fo r 5 m in) 14.5 79

II. Protein content (w/v) 85°C, pH 8.5
2 % 12.4 65
3% 13.7 83
4% 14.0 94
5% 14.7 10 2
6% 15.5 1 1 0

III. Whipping time (min) (4% sol heated to  85°C); pH 8.5
2 13.3 60
4 13.7 73
6 14.3 74
8 15.6 98
10 17.4 126

IV. pH (4% sol heated to 85° C)
2 13.8 29
3 13.9 28
4 12.5 80
5 11.4 77
6 11.3 62
7 13.2 85
8 13.8 101
9 14.0 107
8.5, (Ca(OH)2) 12.9 83

V. Added CMC w /v (4% sol heated to 85°C); pH 6.5
0.0 11.4 71
0 .1 % 11 .0 166
0 .2 % 12.4 205
0.3% 12.9 295
0.4% 13.2 360
0.5% 13.3 500

VI. Miscellaneous
Egg whites 9 .4 -9 .5 130 min
Casein (4% sol heated to  85°C; pH 8.5) 11 .6 25 min

a Using a 6 min whipping time except Group III, where time was varied
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TIME (hr)

Fig. 5 —E ffe c t  o f  e n z y m a tic  h y d ro ly s is  o n  s ta b i l i ty  o f  fo a m  o b ta in e d  b y  
w h ip p in g  a h e a te d  w h e y  p r o te in  s o l (4%  w /w , 8 5 ° C 6  m in  w h ip p in g ).

t o  p H  8 . 5  d i d  n o t  i n c r e a s e  t h e  s p e c i f i c  
v o l u m e  o r  t h e  s t a b i l i t y  o f  t h e  f o a m .  T h i s  

m a y  b e  a t t r i b u t e d  t o  a  r e l a t i v e l y  h i g h  
c a l c i u m  c o n t e n t  o f  t h e  w h e y  p r o t e i n  
c o n c e n t r a t e d  b y  g e l  f i l t r a t i o n .  M o r r  e t  a l .
( 1 9 7 3 )  f o u n d  t h i s  t y p e  o f  w h e y  p r o t e i n  
c o n c e n t r a t e  t o  h a v e  t h e  h i g h e s t  c a l c i u m  
c o n t e n t  ( 0 . 7 5 % )  o f  a n y  o f  t h e  c o n c e n 

t r a t e s  a n a l y z e d .
S p e c i f i c  v o l u m e  a n d  f o a m  s t a b i l i t y  i n 

c r e a s e d  w i t h  i n c r e a s i n g  w h i p p i n g  t i m e  
t h r o u g h  1 0  m i n .  H o w e v e r ,  a f t e r  6  m i n  t h e  

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

T h e  e f f e c t  o f  a d d e d  C M C  ( H e r c u l e s ,  
T y p e  7  H F ) ,  w a s  s t u d i e d .  L i g h t e r  f o a m s  
w i t h  g r e a t e r  s t a b i l i t y  r e s u l t e d  f r o m  i n 
c r e a s i n g  a m o u n t s  o f  C M C  u p  t o  0 . 5 % ,  t h e  
h i g h e s t  c o n c e n t r a t i o n  e m p l o y e d .

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

w h e y  p r o t e i n  o r  c a s e i n  f o a m s  b u t  r e 
i n  m o r e  s t a b l e  f o a m s .

T h e  e f f e c t  o f  e n z y m a t i c  h y d r o l y s i s  o f  
w h e y  p r o t e i n s  o n  s p e c i f i c  v o l u m e  a n d  
f o a m  s t a b i l i t y  i s  s h o w n  i n  F i g u r e s  4  a n d
5 .  A  d i r e c t  c o m p a r i s o n  b e t w e e n  p e p s i n  

a n d  t h e  u n h y d r o l y z e d  c o n t r o l  c a n n o t  b e  
m a d e  s i n c e  t h e  s a m p l e  t r e a t e d  w i t h  p e p 

s i n  w a s  r u n  a t  p H  2  a n d  t h e  b l a n k  a t  p H
8 . 5 .  I n  a l l  c a s e s ,  h o w e v e r ,  t h e  s p e c i f i c  
v o l u m e  i n c r e a s e d  i n i t i a l l y  a n d  t h e n  d e 

c r e a s e d  w i t h  t i m e .  A  l i m i t e d  a m o u n t  o f  
h y d r o l y s i s  a p p e a r s  t o  b e  d e s i r a b l e  t o  i n 

c r e a s e  t h e  f o a m i n g  b u t  f o a m  s t a b i l i t y  i s  
g r e a t l y  d e c r e a s e d  a s  a  r e s u l t  o f  s u c h  

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

t h e  s t r e n g t h  r e q u i r e d  t o  g i v e  a  s t a b l e  
f o a m .  T h e  d e c r e a s e  i n  f o a m  s t a b i l i t y  

m a n i f e s t s  i t s e l f  p r i m a r i l y  i n  t h e  i n i t i a l  3 0  
m i n  o f  r e a c t i o n .  F u r t h e r  h y d r o l y s i s  l i k e l y

r e s u l t s  i n  p e p t i d e s  w h i c h  l a c k  t h e  a b i l i t y  
t o  s t a b i l i z e  t h e  a i r  c e l l s  o f  t h e  f o a m .  A  

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

s p e c i f i c  v o l u m e  w a s  i n c r e a s e d  b y  2 5 %  b y  
s u c h  t r e a t m e n t .  T h e  d e c r e a s e  i n  s t a b i l i t y  

w h i c h  r e s u l t s  f r o m  l i m i t e d  h y d r o l y s i s  c a n  
b e  c o m p e n s a t e d  f o r  b y  a d d i n g  s t a b i l i z e r s  
s u c h  a s  C M C .

P r e l i m i n a r y  e x p e r i m e n t s  u s i n g  4 %  
s o l u t i o n s  o f  g e l  f i l t r a t i o n - p r o c e s s e d  w h e y  
p r o t e i n  c o n c e n t r a t e  f o r  p r e p a r i n g  m e 

r i n g u e s  w e r e  n o t  i m p r e s s i v e .  I n  o r d e r  t o  

m a k e  a  m e r i n g u e  t h a t  w o u l d  w i t h s t a n d  
t h e  h e a t  t r e a t m e n t  a p p l i e d  d u r i n g  n o r m a l  
b a k i n g ,  t h e  p r o t e i n  c o n t e n t  h a d  t o  b e  

e l e v a t e d  t o  8 — 1 0 % .  E v e n  a t  t h i s  l e v e l ,  

m e r i n g u e s  f l a t t e n e d  e x t e n s i v e l y  d u r i n g  
b a k i n g .  A d d i n g  0 . 5 %  C M C  t o  a  1 0 %  p r o 
t e i n  s o l u t i o n  i m p r o v e d  t h e  r e s u l t i n g  

m e r i n g u e s  b u t  t h e s e  w e r e  s t i l l  n o t  o f  t h e  
s a m e  q u a l i t y  a s  f r e s h  e g g  w h i t e  m e 

r i n g u e s .
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ATLANTIC QUEEN CRAB (Chionoecetes opilio), JONAH CRAB (Cancer borealis), AND RED CRAB 
(Geryon quinquedens). Proximate Composition of Crabmeat from Edible Tissues and 

Concentrations of Some Major Mineral Constituents in the Ash

INTRODUCTION

A  S U R V E Y  o f  t h e  l i t e r a t u r e  h a s  r e v e a l e d  

t h a t  v e r y  l i t t l e  a n a l y t i c a l  d a t a  h a v e  b e e n  
r e p o r t e d  o n  t h e  c o m p o s i t i o n  o f  t h e  m e a t s  
o f  A t l a n t i c  Q u e e n  c r a b  ( Chionoecetes 
opilio ) ,  J o n a h  c r a b  ( Cancer borealis)  a n d  

R e d  c r a b  ( Geryon quinquedens). C o n s i d 
e r a b l e  d a t a  a r e  a v a i l a b l e  o n  t h e  c o m p o s i 
t i o n  o f  B l u e  c r a b  (Callinectes sapidus) 

( F a r r a g u t ,  1 9 6 5 ;  R e f e r  a n d  B a u e r s f e l d ,  
1 9 6 9 ;  T h o m p s o n  a n d  F a r r a g u t ,  1 9 6 6 ) ,  
D u n g e n e s s  c r a b  (Cancer magister)  ( A l l e n ,  

1 9 7 1 ;  F a r r a g u t  a n d  T h o m p s o n ,  1 9 6 6 ;  
N e l s o n  a n d  T h u r s t o n ,  1 9 6 4 )  a n d  K i n g  
c r a b  (Paralithodes camtschatica) ( K i f e r  
a n d  B a u e r s f e l d ,  1 9 6 9 ;  K r z e c z k o w s k i  e t  
a l . ,  1 9 7 1 ) .  D e g e n s  e t  a l .  ( 1 9 6 7 )  h a v e  r e 
p o r t e d  t h e  c o n c e n t r a t i o n s  o f  a m i n o  a c i d s  
a n d  a m i n o  s u g a r s  i n  c a l c i f i e d  t i s s u e s  o f  
P o r t u n i d  c r a b s  (Callinectes sapidus, Oval- 
ipes ocellatus a n d  Carcinides maenas).

T h e  d e v e l o p m e n t  o f  t h e  Q u e e n  c r a b  

i n d u s t r y  h a s  b e e n  d e a l t  w i t h  i n  a  p u b 
l i c a t i o n  o f  t h e  I n d u s t r i a l  D e v e l o p m e n t  
B r a n c h ,  F i s h e r i e s  S e r v i c e  ( 1 9 6 9 ) ,  a n d  a  
C o d e  o f  P r a c t i c e  f o r  t h e  p r o c e s s i n g  o f  

Q u e e n  c r a b  h a s  b e e n  p r o p o s e d  b y  B l a c k 

w o o d  e t  a l .  ( 1 9 6 9 ) .  A s  f a r  a s  t h e  p r e s e n t  
a u t h o r s  a r e  a w a r e ,  a  r e p o r t  b y  A d d i s o n  e t  
a l .  ( 1 9 7 0 )  c o m p r i s e s  t h e  o n l y  p u b l i s h e d  
r e s u l t s  o n  t h e  c o m p o s i t i o n  o f  Q u e e n  c r a b  

t i s s u e .  T h e  a u t h o r s  a r e  u n a w a r e  o f  a n y  
d a t a  o n  t h e  c o m p o s i t i o n  o f  J o n a h  a n d  
R e d  c r a b s .  I n f o r m a t i o n  o n  t h e  l i f e  h i s 
t o r y ,  d i s t r i b u t i o n  a n d  a b u n d a n c e ,  a n d  

s i z e  o f  i n d i v i d u a l  c r a b  s p e c i e s  i s  e l u c i 

d a t e d  i n  a  p u b l i c a t i o n  o f  W i l d e r  ( 1 9 6 6 ) .

MATERIALS & METHODS
C o l le c t io n  a n d  p r e p a r a t i o n  
o f  s a m p le s

4 0  liv e  Q u e e n  c r a b s  (a v g  w t  1 .6  lb )  w e re  
o b t a i n e d  f r o m  a  b o a t  o p e r a t i n g  in  t h e  B ay  o f  
C h a le u r  o n  N o v . 4 ,  1 9 7 1 .  T h e  c r a b s  w e r e  m a in 
t a in e d  o n  ic e  u n t i l  t h e  b o a t  r e t u r n e d  to  p o r t  
( L a m e q u e ,  N e w  B r u n s w ic k )  o n  N o v . 5 , 1 9 7 1 .  
T h e  c r a b  m e a t  w a s  p r o c e s s e d  in  t h e  p l a n t  o f  a
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Health Protection Branch, Dept, of National 
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lo c a l  p a c k e r .  T h e  c r a b s  w e re  b u t c h e r e d  a n d  th e  
s e c t io n s  w e re  p r e - c o o k e d  f o r  8 m in  ( 1 0 0 ° C )  in  
a  f r e s h  w a te r  c o n t i n u o u s  c o o k e r .  T h e  s e c t io n s  
w e re  t h e n  c o o le d  f o r  1 0  m in  ( 1 0 ° C )  in  a  t a n k  
o f  c o ld ,  f r e s h  w a te r  ( c o n t i n u o u s l y  f lo w in g ) .  
T h e  m e a t  w a s  s e p a r a t e d  f r o m  t h e  s e c t io n s  b y  
h a n d .  T h e  le g  a n d  c la w  m e a t  w a s  k e p t  s e p a r a te  
f r o m  t h e  b o d y  m e a t .  T h e  e n t i r e  c o m p o s i t e  s a m 
p le s  o f  le g  a n d  c la w  m e a t  a n d  b o d y  m e a t  w e re  
t h e n  g r o u n d  in  a  H o b a r t  M o d e l  8 4 1 4 2  S i l e n t  
C u t t e r  u n t i l  h o m o g e n e o u s  a n d  s e v e ra l  s e p a r a te  
p o r t i o n s  o f  e a c h  t y p e  o f  m e a t  w e re  f r o z e n  in  
p o l y e t h y l e n e  b a g s  a n d  s to r e d  in  a  c o ld  r o o m  
( - 2 9 ° C )  u n t i l  t h e y  w e re  a n a l y z e d .  T h e s e  s a m 
p le s  r e p r e s e n t e d  “ f r e s h ”  c r a b  m e a t ,  a l t h o u g h ,  in  
f a c t ,  t h e  m e a t  h a d  b e e n  s u b m i t t e d  t o  a  p r e 
c o o k in g  o p e r a t i o n  in  o r d e r  t o  f a c i l i t a te  
s h u c k in g .

T w o  c a n s  ( e a c h ,  6 - 3 /4  o z  n e t  w e ig h t ,  5 -3 /4  
o z  d r a in e d  w e ig h t )  o f  c o m m e r c ia l ly  h e a t -  
p r o c e s s e d  Q u e e n  c r a b  m e a t  a n d  1 lb  o f  f r o z e n  
c o m e r c ia l l y - p r o c e s s e d  Q u e e n  c r a b  m e a t  w e re  
p u r c h a s e d  f r o m  a  lo c a l  s u p e r m a r k e t  in  H a l i f a x .  
T h e  c a n n e d  m e a t  a n d  t h e  f r o z e n  m e a t  w e re  
e a c h  b l e n d e d  in  a  W a r in g  B le n d o r  a n d  s e v e ra l 
s e p a r a te  p o r t i o n s  o f  e a c h  w e r e  f r o z e n  in  p o l y 
e t h y l e n e  b a g s  a n d  s to r e d  ( ~ 2 9 ° C )  u n t i l  th e y  
w e r e  a n a l y z e d .

1 0  liv e  R e d  c r a b s  ( t o t a l  w t ,  1 8  lb  1 0  o z )  a n d  
1 2  l iv e  J o n a h  c r a b s  w e re  o b t a i n e d  f r o m  w a te r s  
o f f  t h e  e a s t e r n  c o a s t  o f  N o v a  S c o t ia .  T h e  c r a b s  
w e re  p r e - c o o k e d  in  a  s t e a m  c o o k e r  f o r  1 0  m in  
a f t e r  w h ic h  t h e y  w e re  c o o le d  in  c o ld  r u n n in g  
w a te r .  S a m p le s  w e re  s to r e d  in  p o ly e th y le n e  
b a g s  a s  a b o v e  u n t i l  a n a ly s is .

A n a ly t ic a l  m e t h o d s

A ll a n a ly s e s  w e r e  p e r f o r m e d  in  t r i p l i c a te .  
M o i s t u r e  w a s  p e r f o r m e d  b y  o v e n -d ry in g  
( 1 0 0 ° C )  f o r  1 8  h r .  P r o t e i n  w a s  d e t e r m in e d  b y  
th e  m ic r o - K je ld a h l  m e t h o d  (A O A C , 1 9 7 0 ) .  A sh  
w a s  d e t e r m in e d  b y  f l a m e  ig n i t io n  f o l lo w e d  b y  
h e a t in g  in  a n  o v e n  ( 5 2 5 ° C )  f o r  2  h r .  C r u d e  f a t  
w a s  d e t e r m i n e d  b y  th e  B lig h  a n d  D y e r  ( 1 9 5 9 )  
c h lo r o f o r m - m e th a n o l  e x t r a c t i o n .  C a r b o h y d r a t e  
w a s  d e t e r m i n e d  c o lo r im e t r i c a l l y  b y  a  m e t h o d  
w h ic h  d e p e n d s  o n  th e  f o r m a t i o n  o f  a  y e l lo w  
c o lo r  w h e n  s u g a r  is  r e a c t e d  w i th  p h e n o l  in  s u l
f u r ic  a c id  s o lu t io n  (D u b o is  e t  a l . ,  1 9 5 1 ,  1 9 5 6 ;  
M o n tg o m e r y ,  1 9 6 1 ) .

S o d iu m ,  p o t a s s iu m ,  c a l c iu m  a n d  m a g n e s iu m  
w e re  e s t i m a t e d  b y  t h e  f o l l o w in g  m e t h o d :  d r ie d  
g r o u n d  c r a b  m e a t  ( lO O g ) w a s  p la c e d  in  a n  
E r le n m e y e r  f la s k  (2 5  m l )  a lo n g  w i th  c o n c e n 
t r a t e d  s u l f u r ic  a c id  ( s p  g r  1 .8 4 ;  2 .0  m l) .  T h e  
m i x t u r e  w a s  h e a t e d  c a u t io u s ly  u n t i l  t h e  s a m p le  
w a s  t h o r o u g h l y  c h a r r e d  a n d  i t  w a s  t h e n  c o o le d  
to  r o o m  t e m p e r a t u r e .  H y d r o g e n  p e r o x id e  (3 0 % ; 
1 0  d r o p s )  w a s  a d d e d  a n d  t h e  m i x t u r e  w a s

h e a t e d  f o r  a n  a d d i t i o n a l  5 m in .  T h e  a b o v e  
p ro c e s s  o f  h e a t in g ,  c o o l in g  a n d  a d d i t i o n  o f  p e r 
o x id e  w a s  r e p e a t e d  u n t i l  a  c le a r  a n d  c o lo r le s s  
s o lu t io n  w a s  o b t a i n e d  ( L in d n e r  a n d  H a r le y ,  
1 9 4 2 ) .  T h e  r e a c t i o n  m i x t u r e  w a s  t r a n s f e r r e d  to  
a  v o lu m e t r i c  f l a s k  a n d  t h e  v o lu m e  a d ju s t e d  to  
1 0 0  m l  w i t h  d i s t i l l e d  w a te r .

T h e  m e ta l s  w e re  d e t e r m i n e d  o n  a l i q u o t s  o f  
th e s e  s o lu t io n s  b y  m e a n s  o f  a  U n ic a m  M o d e l  
S P . 9 0 A  A to m ic  A b s o r p t io n  S p e c t r o p h o t o m 
e t e r .  S o d iu m  a n d  p o ta s s iu m  w e re  d e t e r m in e d  
b y  f l a m e  e m is s io n  s p e c t r o s c o p y  a t  5 8 9 .0  m /r  
a n d  7 6 6 .5  m /a , r e s p e c t iv e ly .  C a lc iu m  a n d  m a g 
n e s iu m  w e r e  d e t e r m i n e d  b y  a t o m i c  a b s o r p t io n  
s p e c t r o s c o p y  a t  4 2 2 .7  m /a  a n d  2 8 5 .2  m /a , r e 
s p e c t iv e ly .  T h e  s a m p le  d ig e s t s  a n d  s t a n d a r d  
s o lu t io n s  w h ic h  w e re  u s e d  f o r  t h e  c a l c iu m  a n d  
m a g n e s iu m  a n a ly s e s  w e re  1%  in  l a n th a n u m  
( a d d e d  a s  l a n t h a n u m  c h lo r id e ) .  A p p r o p r i a t e  
r e c o v e r y  e x p e r i m e n t s  w e re  u n d e r t a k e n  a t  t h e  
s a m e  t i m e  a s  t h e  a c t u a l  m e t a l  a n a ly s e s .  T h e  
o p e r a t i n g  p a r a m e te r s  e m p l o y e d  w e r e  t h o s e  
d e s c r ib e d  b y  t h e  m a n u f a c t u r e r  ( U n ic a m  I n s t r u 
m e n t s  L i m i t e d ,  1 9 6 6 ) .

P h o s p h a te  w a s  d e t e r m i n e d  c o lo r im e t r i c a l ly  
b y  a  m e t h o d  p r e v io u s ly  r e p o r t e d  b y  L a u e r  a n d  
B a k e r  ( 1 9 6 9 ) .

RESULTS & DISCUSSION

T H E  R E S U L T S  o f  t h e  g r o s s  c o m p o s i t i o n  
a n a l y s e s  o f  Q u e e n  c r a b  m e a t  a r e  t a b u 
l a t e d  i n  T a b l e  1 . T h e  r e s u l t s  o b t a i n e d  f o r  

f r e s h  Q u e e n  c r a b  m e a t  w e r e  i n  c l o s e  

a g r e e m e n t  w i t h  t h o s e  o b t a i n e d  f o r  A l a s k a  
K i n g  c r a b  b y  K r z e c z k o w s k i  e t  a l .  ( 1 9 7 1 ) ,  

D u n g e n e s s  c r a b  b y  F a r r a g u t  a n d  T h o m p 
s o n  ( 1 9 6 6 )  a n d  B l u e  c r a b  b y  F a r r a g u t  

( 1 9 6 5 ) .

A  c o m p a r i s o n  o f  t h e  r e s u l t s  o f  K r z e c z 

k o w s k i  e t  a l .  ( 1 9 7 1 )  a n d  t h e  r e s u l t s  o f  t h e  
a u t h o r s  o f  t h e  p r e s e n t  w o r k ,  i n d i c a t e s  
t h a t  t h e  p r o t e i n  c o n t e n t  o f  t h e  l e g  a n d  
c l a w  m e a t  r e p o r t e d  b y  t h e  f o r m e r  a u t h o r s  
f o r  K i n g  c r a b  i s  g r e a t e r  t h a n  t h a t  r e p o r t e d  

h e r e  f o r  Q u e e n  c r a b  ( 2 0 . 7 %  a n d  1 5 . 3 % ,  
r e s p e c t i v e l y ) .  T h e  s a m e  is  i n d i c a t e d  f o r  

b o d y  m e a t  ( 1 6 . 9 %  a n d  1 6 . 0 % ,  r e s p e c t i v e 
l y ) .  T h e  a u t h o r s  a r e  a w a r e  t h a t  t h e  c o m 
p o s i t i o n  o f  m a r i n e  s p e c i e s  m a y  v a r y  d u e  
t o  p h y s i o l o g i c a l ,  s e a s o n a l  a n d  e n v i r o n 
m e n t a l  i n f l u e n c e s  ( A c k m a n  a n d  E a t o n ,  
1 9 7 0 ;  K r z e c z k o w s k i  e t  a l . ,  1 9 7 1 ) ,  a l 
t h o u g h  N e l s o n  a n d  T h u r s t o n  ( 1 9 6 4 )  h a v e  

s t a t e d  t h a t  i n  t h e  c a s e  o f  D u n g e n e s s  c r a b ,  

d i f f e r e n c e s  b e t w e e n  i n d i v i d u a l  c r a b s  w e r e

Volume 3 9  (1 9 7 4 )-J O U R N A L  OF FOOD S C IE N C E -3 8 3



3 8 4 -J O U R N A L  OF FOOD S C IE N C E -V o lu m e  3 9  (1974)

Table 1—Proximate composition o f Queen crab (Chionoecetes opilio)

Fresh

Constituent Leg & claw meat Body meat Canned Frozen

Moisture (%) 80.6 82.9 82.5 80.9
Crude fa t (%) 1.14 0.86 1.05 0.99
Protein (N X 6.25) (%) 15.3 16.0 14.2 15.6
Ash (%) 2.07 1.71 2.01 2.04
Carbohydrate (%) 0.075 0.054 0.280 0.270

Table 2—Proximate composition o f Jonah crab (Cancer borealis) 
and Red crab (Geryon quinquedens)

Red Crab

Constituent Jonah crab Legs & claw meat Body meat

Moisture (%) 78.2 80.8 80.9
Crude fa t (%) 1.90 0.99 0.88
Protein (N X 6.25) (%) 16.2 15.0 15.1
Ash (%) 1.47 1.44 1.75
Carbohydrate (%) 3.11 1.59 1.27

Table 3—Mineral constituents in the ash o f meats from  Queen crab, 
Jonah crab and Red crab

Concentration o f constituents, g/100g ash 

Sample Na+ K+ Ca++ Mg++ PO =

Queen crab, fresh
(Leg & claw meat) 19.4

Queen crab, fresh
(Body meat) 20.6

Queen crab, canned 35.0
Queen crab, frozen 24.8
Jonah crab 18.8
Red crab

(Leg & claw meat) 23.0
Red crab

g r e a t e r  t h a n  d i f f e r e n c e s  b e t w e e n  c r a b s  
f r o m  d i f f e r e n t  a r e a s  o r  f r o m  d i f f e r e n t  
s e a s o n s .

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

T h e  d e t e r m i n a t i o n  o f  s a l t  a s  t h e  c h l o 

13.7 1.31 1.2 1 12.4

12.5 3.90 2.20 1 1 .2
7.00 2.09 1.2 2 7.63

10.7 1.96 1.2 1 1 1 .2
19.0 6.53 2 .22 2.67

19.3 2.89 2.00 14.6

16.5 2.84 1.84 12 .0

r i d e  b y  t h e  V o l h a r d  t i t r a t i o n  m e t h o d  
( A O A C ,  1 9 7 0 )  y i e l d e d  t h e  f o l l o w i n g  
r e s u l t s  f o r  Q u e e n  c r a b  m e a t :  1 . 0 9 %  ( f r e s h  
l e g  a n d  c l a w  m e a t ) ;  1 . 1 3 %  ( f r e s h ,  b o d y  
m e a t ) ;  1 . 6 9 %  ( c a n n e d  m e a t ) ;  a n d  1 . 3 1 %  
( f r o z e n  m e a t ) .  T h e  h i g h e r  v a l u e s  i n  t h e  
p r o c e s s e d  m e a t s  a r e  p r o b a b l y  d u e  t o  t h e  
a d d i t i o n  o f  b r i n e  b y  t h e  p a c k e r s .  N e l s o n  

a n d  T h u r s t o n  ( 1 9 6 4 )  h a v e  s t a t e d  t h a t  t h e  
l o s s  o f  p r o t e i n  o f  c o m m e r c i a l l y  p a c k e d  
c r a b  m e a t  c o u l d  b e  a t t r i b u t e d  t o  c o n t a c t  
o f  t h e  m e a t  w i t h  b o t h  b r i n e  a n d  f r e s h

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

s e r v e d  f o r  c a n n e d  Q u e e n  c r a b  m e a t .
T a b l e  2  c o m p r i s e s  t h e  d a t a  o b t a i n e d  

b y  t h e  a n a l y s e s  o f  J o n a h  a n d  R e d  c r a b  

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

m e a t s .

T h e  r e s u l t s  i n d i c a t e d  t h a t  t h e  m e a t s  o f  
R e d  c r a b  a n d  J o n a h  c r a b  h a d  r e l a t i v e l y  

h i g h  c o n c e n t r a t i o n s  o f  c a r b o h y d r a t e .  

S i n c e  N - a c e t y l g l u c o s a m i n e  d o e s  n o t  r e a c t  
w i t h  t h e  p h e n o l - s u l f u r i c  a c i d  r e a g e n t ,  
t h e s e  r e s u l t s  c a n n o t  b e  a t t r i b u t e d  t o  
p o s s i b l e  s h e l l  c o n t a m i n a t i o n  o f  t h e  m e a t  
d u r i n g  t h e  s h u c k i n g  p r o c e d u r e .

T h e  r e s u l t s  o f  t h e  a s h  a n a l y s e s  f o r  
s o d i u m ,  p o t a s s i u m ,  c a l c i u m ,  m a g n e s i u m ,  
a n d  p h o s p h a t e  a p p e a r  i n  T a b l e  3 .  S o d i u m  
w a s  p r e s e n t  i n  t h e  h i g h e s t  c o n c e n t r a t i o n  

o f  t h e  c a t i o n i c  c o n s t i t u e n t s  a n a l y z e d ,  
f o l l o w e d  b y  p o t a s s i u m ,  c a l c i u m  a n d  

m a g n e s i u m ,  i n  t h a t  o r d e r .  W i t h  t h e  e x 
c e p t i o n  o f  c a n n e d  a n d  f r o z e n  p r o c e s s e d  

Q u e e n  c r a b  a n d  J o n a h  c r a b ,  t h e  N a + : K + 
r a t i o s  w e r e  h i g h e r  f o r  b o d y  m e a t  t h a n  f o r  
l e g  a n c  c l a w  m e a t .

F o x  a n d  C a m e r o n  ( 1 9 6 1 )  h a v e  i n d i 
c a t e d  t h a t  t h e  e x a c t  a m o u n t  o f  s o d i u m  
( a n d  c h l o r i n e )  i s  o f  l i t t l e  c o n s e q u e n c e ,  

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

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

A l l  c r a b  a s h  s a m p l e s  a n a l y z e d  i n  t h e  
p r e s e n t  w o r k  h a d  C a : P  r a t i o s  o f  1 . 0  o r  

l e s s .  C r a m p t o n  a n d  L l o y d  ( 1 9 5 9 )  h a v e  
s t a t e d  t h a t  t h e  C a : P  r a t i o  i n  t h e  b o n e  

( p r e s u m a b l y  m a m m a l i a n )  i s  1 . 9 5 : 1 .  T h e s e  
w o r k e r s  h a v e  s u g g e s t e d  t h a t  t h e  o p t i m a l  

C a : P  r a t i o  i n  t h e  d i e t  l i e s  b e t w e e n  1 :1  
a n d  2 : 1  f o r  n o r m a l  b o n e  c a l c i f i c a t i o n  a n d  
r e p r o d u c t i o n .  B a s e d  o n  t h e  p r e s e n t  r e 

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

t h e s e  r e q u i r e m e n t s  a p p e a r s  d o u b t f u l ,  
a l t h o u g h  i t  h a s  b e e n  s u g g e s t e d  ( C a n a d a  

D e p a r t m e n t  o f  N a t i o n a l  H e a l t h  a n d  W e l 
f a r e ,  1 9 6 4 )  t h a t  t h e  a b s o l u t e  d i e t a r y  i n 

t a k e s  c f  t h e s e  t w o  e l e m e n t s  i s  a  m o r e  
s i g n i f i c a n t  f a c t o r  i n  n u t r i t i o n  t h a n  t h e  
r a t i o  b e t w e e n  t h e m .

W i d c o w s o n  ( 1 9 6 0 )  h a s  s u g g e s t e d  t h a t  
t h e  f o l l o w i n g  “ c a l o r i e  c o n v e r s i o n  f a c t o r s ”  
b e  u s e d  i n  t h e  d e t e r m i n a t i o n  o f  t h e  c a l 
o r i f i c  v a l u e  o f  a  f o o d :  p r o t e i n ,  4 . 1  C a l / g ;  
f a t ,  9 . 3  C a l / g ;  a n d  c a r b o h y d r a t e ,  3 . 7 5  

C a l / g .  T h u s ,  t h e  c a l o r i f i c  v a l u e s  o f  t h e  
c r a b  m e a t s  i n  t h e  p r e s e n t  w o r k  a r e  a s  f o l 
l o w s  ( C a l / l O O g ) :  Q u e e n  c r a b  ( l e g  a n d  

c l a w  m e a t s ) ,  7 3 . 6 ;  Q u e e n  c r a b  ( b o d y  
m e a t ) ,  7 2 . 2 ;  Q u e e n  c r a b  ( c a n n e d ) ,  6 8 . 8 ;  
Q u e e n  c r a b  ( f r o z e n ) ,  7 4 . 2 ;  J o n a h  c r a b ,  
9 5 . 8 ;  R e d  c r a b  ( l e g  a n d  c l a w  m e a t ) ,  7 6 . 7 ,  
a n d  R e d  c r a b  ( b o d y  m e a t ) ,  7 5 . 0 .  T h e s e  

v a l u e s  a r e  a p p r e c i a b l y  l o w e r  t h a n  t h o s e  
c i t e d  b y  M c C a n c e  a n d  W i d d o w s o n  ( 1 9 6 0 )  
f o r  c r a b  ( s p e c i e s  n o t  s p e c i f i e d )  ( 1 2 7  

C a l / l O O g )  a n d  l o b s t e r  ( 1 1 9  C a l / l O O g )  
m e a t s .

(Body meat) 27.4
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AMINO ACID, FATTY ACID AND PROXIMATE 
COMPOSITION OF SNOW CRAB (Chionoecetes bairdi)

INTRODUCTION

S N O W  C R A B S  ( Chionoecetes bairdi, 
Chionoecetes opilio  a n d  Chionoecetes 
Tanner), a l s o  c o m m o n l y  r e f e r r e d  t o  a s  
q u e e n  c r a b ,  T a n n e r  c r a b  a n d  s p i d e r  c r a b ,  
o c c u r  b r o a d l y  f r o m  t h e  s o u t h e a s t  c o a s t  o f  
A l a s k a  w e s t w a r d  a l o n g  t h e  c o a s t  ( 4 , 0 0 0

m i ) ,  t h r o u g h o u t  t h e  A l e u t i a n  I s l a n d s ,  i n  
t h e  B e r i n g  S e a  a n d  t h e  A t l a n t i c  O c e a n .  
T h i s  s p e c i e s  i s  b e c o m i n g  i n c r e a s i n g l y  
c o m m e r c i a l l y  i m p o r t a n t  a s  t h e  s u p p l y  o f  
o t h e r  c r a b s  h a v e  a t t a i n e d  t h e i r  m a x i m u m  

s u s t a i n e d  y i e l d .  A l t h o u g h  t h i s  h i g h  p r o 
t e i n  f o o d  h a s  g o o d  c o m m e r c i a l  p o t e n t i a l ,  
n o  c o m p o s i t i o n a l  d a t a  h a s  b e e n  r e p o r t e d  
i n  t h e  l i t e r a t u r e  o n  ( Chionoecetes bairdi). 
T h e  1 9 7 1  d o m e s t i c  c a t c h  w a s  1 2  m i l l i o n  

p o u n d s ,  b u t  i t  i s  e s t i m a t e d  t h a t  t h e  m a x i 
m u m  s u s t a i n e d  y i e l d  c o u l d  b e  a t  l e a s t  1 0 0  

m i l l i o n  p o u n d s  ( A l a s k a  S t a t e  D e p t ,  o f  
F i s h  &  G a m e ,  1 9 7 1 ) .  T h e  J a p a n e s e  a n d  

S o v i e t  f i s h e r i e s  h a v e  h a r v e s t e d  3 5 —7 0  
m i l l i o n  p o u n d s  a n n u a l l y  f r o m  t h e  B e r i n g  
S e a .  T h e  f a t t y  a c i d  c o m p o s i t i o n  o f  t h e  

r a w  m e a t  o f  s n o w  c r a b  ( Chionoecetes 
opilio), a  r e l a t e d  c r a b ,  a n  i n h a b i t a n t  o f  
t h e  A t l a n t i c  O c e a n  a l o n g  t h e  e a s t  c o a s t  o f  
t h e  U n i t e d  S t a t e s  a n d  o f  t h e  B e r i n g  S e a ,  

h a s  b e e n  r e p o r t e d  b y  A d d i s o n  e t  a l .

( 1 9 7 2 ) ;  K i z e v e t t e r  a n d  G o r d i e v s k a y a  
( 1 9 6 7 )  r e p o r t e d  t h e  p r o x i m a t e  a n d  m i n 

e r a l  c o n t e n t  o f  c o o k e d  a n d  r a w  m e a t .
P u b l i c  c o n c e r n  i s  i n c r e a s i n g  o v e r  t h e  

n u t r i t i o n a l  q u a l i t y  i n c l u d i n g  t h e  k i n d s  
a n d  a m o u n t s  o f  f a t  p r e s e n t  i n  f o o d .  T h e  
i n v e s t i g a t i o n  r e p o r t e d  h e r e  w a s  u n d e r 
t a k e n  t o  d e t e r m i n e  t h e  p r o x i m a t e  a n a l y 

s i s ,  a m i n o  a c i d  a n d  f a t t y  a c i d  c o m p o s i 
t i o n ,  s o d i u m  c o n t e n t  a n d  p o t a s s i u m  
c o n t e n t  i n  a  c o m m e r c i a l l y  c a n n e d  p r o d 
u c t ,  a  c o m p o s i t e  o f  w h o l e  m e a t  a n d  t h e  
f o u r  t y p e s  o f  m e a t  i n t o  w h i c h  s n o w  c r a b  
c o u l d  b e  p r o c e s s e d ;  n a m e l y ,  b o d y -  
s h o u l d e r ,  f i r s t  l e g  s e c t i o n  ( M e r u s ) ,  t h i r d -  
s e c o n d  l e g  s e c t i o n s  (Propodus carpus) a n d  
c l a w s .  T h e  v a r i o u s  l e g  m u s c l e s  a r e  e n 
c l o s e d  b y  a  m e m b r a n e  ( s k i n )  t h a t  m a y  
a f f e c t  t h e  s t o r a g e  a n d  p r o c e s s i n g  p r o p e r 
t i e s ,  t h u s  t h e  m e r u s  s k i n  a n d  m e r u s  w i t h 
o u t  s k i n  a l s o  w e r e  a n a l y z e d  s e p a r a t e l y  f o r  
l i p i d  a n d  f a t t y  a c i d  c o n t e n t  t o  d e t e r m i n e  
a n y  s i g n i f i c a n t  d i f f e r e n c e .

MATERIALS & METHOD

6 0 ,0 0 0  L I V E  c o m m e r c i a l l y  c a u g h t  s n o w  c r a b s  
(a v g  w t  2 .6 9  lb )  w e r e  h a r v e s t e d  n e a r  K o d ia k ,

A la s k a ,  N o v .,  1 9 7 1 ,  a n d  h e ld  in  c o m m e r c ia l  liv e  
t a n k s  o n  b o a t s  a n d  a t  t h e  p r o c e s s o r  f o r  5 d a y s  
b e f o r e  p r o c e s s in g .  S ix  c r a b s  w e re  r a n d o m ly  
s e le c te d ,  b u t c h e r e d  (g il ls ,  c a r a p a c e ,  e n t r a i l s  a n d  
ta i l s  d i s c a r d e d ) ,  c o o k e d  f o r  2 6  m in  in  b o i l in g  
f r e s h  w a te r ,  t h e n  c o o le d  1 0  m in  in  c h l o r in a t e d  
( 0 .5  p p m )  s e a  w a te r ,  a c c o r d i n g  t o  c o m m e r c ia l  
p r a c t i c e .  T h e  m e a ts  w e re  e x t r a c t e d  b y  h a n d  to  
o b t a in  1 0 0 %  o f  t h e  m e a t  a n d  w e ig h e d  s e p a r a t e 
ly  b y  ty p e .  F o r  c o m p a r i s o n  th e  c o m m e r c ia l  
y ie ld  w a s  d e t e r m in e d  b y  e x a m in a t i o n  o f  d is 
c a r d e d  w a s te  a t  s e v e ra l  p r o c e s s o r s .  W e ig h t  o f  
m e a t  a n d  p e r c e n ta g e s  o f  e a c h  a n d  e s t i m a te d  
c o m m e r c ia l  y ie ld  w e r e  a s  s h o w n  in  T a b le  1.

E a c h  t y p e  o f  m e a t  ( e x c e p t  ta i l s )  w a s  g r o u n d  
s e p a r a t e ly  s e v e ra l  t im e s  in  a  m e a t  g r in d e r  u n t i l  
h o m o g e n e o u s .  A  b l e n d  in  t h e  s a m e  p r o p o r t i o n  
(%  t y p e )  a s  s h o w n  a b o v e  ( e x c e p t  ta i l s )  w a s  u s e d  
t o  p r e p a r e  a  c o m p o s i t e  s a m p le  t o  r e p r e s e n t  
w h o le  s n o w  c r a b  f le s h .

G r o u n d  s a m p le s  w e re  s to r e d  in  s e a le d  c o n 
t a in e r s  a t  - 5 1 ° C  u n t i l  a n a l y z e d .  T w e lv e  6 -o z  
c a n s  o f  c o m m e r c ia l ly  c a n n e d  s n o w  c r a b  f r o m  
th e  s a m e  c a t c h  w e r e  p r o v id e d  b y  a  c o m m e r c ia l  
p r o c e s s o r  t h a t  w a s  p ro c e s s in g  m e r u s ,  b o d y -  
s h o u ld e r  a n d  c la w s .  T h e  c o m m e r c ia l  p r o d u c t  
(2 8 %  m e r u s  a n d  7 2 %  b o d y - s h o u ld e r  w i th  c la w s )  
w a s  r e m o v e d  f r o m  th e  c a n s ,  d r a in e d ,  g r o u n d  
u n t i l  h o m o g e n e o u s  a n d  f r o z e n  a t  - 5 1 ° C  u n t i l  
a n a l y z e d .  C o m m e r c ia l ly  c a n n e d  s n o w  c r a b ,  
c a n n e d  in  1 9 6 9  a n d  1 9 7 0  w e re  a ls o  u s e d  fo r  
t h e  p r o x i m a t e  r e s u l t s  r e p o r t e d .  C o m m e r c ia l ly  
c o o k e d  m e ru s  s e c t io n s  f r o m  th e  a b o v e  c a t c h  
w e re  s k in n e d  f o r  s e p a r a t e  a n a ly s is  o f  t h e  s k in  
a n d  s k in le s s  m e a t .

P r o x im a te  a n d  f a t t y  a c id  a n a ly s is

E a c h  b l e n d e d  b a t c h  w a s  a n a l y z e d  in  t r i p l i 
c a t e  f o r  p r o t e i n ,  a s h ,  m o i s tu r e ,  l i p id  a n d  to t a l  
f a t t y  a c id s  a s  d e s c r ib e d  b y  K r z e c z k o w s k i  e t  a l.
( 1 9 7 1 ) .  A n a ly s e s  w e re  m a d e  f o r  t h e  p r e s e n c e  o f  
g ly c o g e n  a c c o r d in g  t o  A O A C  ( 1 9 4 5 ) .

A m in o  a c id ,  s o d iu m  a n d  
p o ta s s iu m  a n a ly s is

T h e  d r a in e d  c o n t e n t s  o f  s ix  r a n d o m ly  
c h o s e n  c o m m e r c ia l ly  p a c k e d  c a n s  w e r e  b le n d e d  
to g e th e r ,  s u b s a m p le d  a n d  a n a l y z e d  b y  W is c o n 
s in  A lu m n i  R e s e a r c h  F o u n d a t i o n .  S o d iu m  a n d

Merus 2.10
Propodus-carpus 0.45
Claws 0.97
Tails 0.04

p o ta s s iu m  w e re  d e t e r m i n e d  o n  a  P e r k in  E l m e r  
F la m e  P h o t o m e t e r .  T h e  a m in o  a c id s  w e re  
a n a ly z e d  a c c o r d i n g  t o  M o o re  e t  a l .  ( 1 9 5 8 )  o n  a 
P e r k in  E lm e r  A m in o  A c id  A n a ly z e r .  C y s t i n e ,  
m e t h i o n i n e  a n d  t r y p t o p h a n  w e re  d e t e r m i n e d  
m i c r o t i o l o g i c a l l y  a s  d e s c r ib e d  b y  H e n d e r s o n  
a n d  S n e ll  ( 1 9 4 8 ) .

RESULTS & DISCUSSION

A N A L Y T I C A L  D A T A  f o r  f r o z e n  a n d  
c a n n e d  s n o w  c r a b  m a y  b e  a f f e c t e d  b y  
e n v i r o n m e n t a l  f a c t o r s  s u c h  a s  s e a s o n ,  
d e p t h  a n d  g e o g r a p h i c  l o c a t i o n  o f  c a t c h .  

T h e  l i p i d ,  i n  a  l o w - f a t  a n i m a l  s u c h  a s  

s n o w  c r a b ,  i s  m a i n l y  m e m b r a n e  l i p i d  
w h i c h  s h o w s  a  l o w  d e g r e e  o f  s e a s o n a l  

v a r i a b i l i t y .  T h e  l i p i d  a n d  i t s  f a t t y  a c i d  
c o m p o s i t i o n  w e r e  d e t e r m i n e d  o n  s e v e r a l  

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

o r  %  l i p i d .  T h e  p r o x i m a t e  a n a l y s i s  o f  
c a n n e d  s n o w  c r a b  w a s  o n  s a m p l e s  c a n n e d  

i n  1 9 6 9 ,  1 9 7 0  a n d  1 9 7 1 .  T h e s e  s a m p l e s  
s h o w e d  l i t t l e  v a r i a t i o n  ( ± 1 . 5 %  p r o t e i n ,  

± 0 . 3 %  l i p i d ,  ± 0 . 1 %  a s h ,  ± 1 . 1 %  w a t e r  a n d  
± 0 . 2 %  s a l t ) .  I t  i s  n o t e w o r t h y ,  a l s o ,  t h a t  

a n a l y s e s  o f  f a t t y  a c i d s  i n  A l a s k a  p i n k  
s h r i m p  c a n n e d  a t  m o n t h l y  i n t e r v a l s  f o r  a  

p e r i o d  o f  1 2  m o n t h s  s h o w  l i t t l e  v a r i a t i o n  
( K r z e c z k o w s k i ,  1 9 7 0 ) .  N o  a t t e m p t  w a s  
m a d e  i n  t h i s  s t u d y  t o  e v a l u a t e  t h e  i n f l u 

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

t i m e  o f  s a m p l i n g  o n l y .

T h e  m u s c l e  f i b e r s  o f  c o o k e d  s n o w  

c r a b s  a r e  s t r a i g h t  a n d  s h o r t .  T h e y  a r e  
a p p r o x i m a t e l y  h a l f  t h e  d i a m e t e r  o f  k i n g  
c r a b  m u s c l e  f i b e r s ,  a n d  s e p a r a t e  e a s i l y  
f r o m  e a c h  o t h e r  d u r i n g  p r o c e s s i n g  t o  g iv e  
m o r e  s h r e d d e d  m e a t  t h a n  o b s e r v e d  w i t h  
k i n g  c r a b .  K i z e v e t t e r  a n d  G o r d i e v s k a y a  
( 1 9 6 7 )  o b s e r v e d  a  s i m i l a r  f i b e r  d i f f e r e n c e

meat type and yield

38.5 13.0 1 0 .0- 10.3
8.3 2.8 Discarded

17.8 6.0 2 .0- -2.4

5.45

0.7

1 0 0 .0

0 .2

33.7
Discarded

12.0-24 .7
a From six crabs

Table 1—Snow crab

% % Coml
Type o f meat Pounds2 Type Yield % Yield

Body-shoulder 1.89 34.7 11.7 0—10
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Table 2 -P roxim ate analysis o f snow crab meat

Type of Meat
%

Protein

0//o
Lipid

%
Ash

%
Moisture

%
Salt

Body-shoulder 18.8 1.6 0.4 80.0 0.2
Merus 19.9 1.5 1.2 78.6 0.3
Propodus-carpus 16.6 1.5 1.1 81.4 0.3
Claws 18.0 1.0 1.3 80.0 0.7
Composite (whole meat) 18.8 1.5 1.0 79.4 0.3
Canned3 19.5 1.0 1.6 78.2 1.3
a Avg of samples obtained in 1969, 1970 and 1971

i n  a  r e l a t e d  s p e c i e s  o f  s n o w  c r a b  ( Chi- 
onoecetes opilio).
P r o x i m a t e  a n a l y s i s

T h e  p r o x i m a t e  a n a l y s i s  s h o w n  i n  T a b l e  

2  i n d i c a t e s  s i m i l a r i t i e s  i n  t h e  c o n c e n t r a 
t i o n s  o f  l i p i d  a n d  a s h  a m o n g  t h e  t y p e s  o f  

c o o k e d  a n d  c a n n e d  m e a t  w i t h  t h e  e x c e p 
t i o n  o f  t h e  b o d y - s h o u l d e r  m e a t  w h i c h  
w a s  l o w e r  i n  a s h  a n d  t h e  c l a w s  w h i c h  
w e r e  s l i g h t l y  l o w e r  i n  l i p i d .  A l l  o f  t h e  e x 

t r a c t e d  l i p i d s  w e r e  r i c h  i n  c a r o t e n o i d s  
( d e e p  r e d )  e x c e p t  t h e  l i p i d  f r o m  t h e  s k i n 

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

f r o m  1 6 . 6  i n  p r o p o d u s  c a r p u s  m e a t  t o

1 9 . 9  i n  m e r u s  m e a t .  A  s i m i l a r  r a n g e  f o r  
p r o t e i n  w a s  r e p o r t e d  f o r  k i n g  c r a b  

( K r z e c z k o w s k i  e t  a l . ,  1 9 7 1 ) .  T h e  p e r 
c e n t a g e  o f  m o i s t u r e  v a r i e d  b e t w e e n  a  l o w  

o f  7 8 . 2  i n  c a n n e d  m e a t  a n d  a  h i g h  o f  8 1 . 4  
i n  p r o p o d u s  c a r p u s  m e a t .  K i z e v e t t e r  e t  a l .
( 1 9 7 1 )  r e p o r t e d  t h e  p r o x i m a t e  a n a l y s i s  o f  

c a n n e d  S o v i e t  s n o w  c r a b  t o  b e  7 9 . 5 %  
m o i s t u r e ,  1 6 . 8 %  p r o t e i n ,  0 . 1 %  f a t  a n d  

2 . 4 %  a s h .  T h e  d i f f e r e n c e  n o t e d  b e t w e e n  

t h e  S o v i e t  a n d  K o d i a k  c a n n e d  s n o w  c r a b  
i s  a t t r i b u t e d  t o  p r o c e s s i n g  m e t h o d s  a n d  
s p e c i e s  d i f f e r e n c e  ( Chionoecetes opilio). 
T h e  h i g h  a s h  i n  t h e  S o v i e t  a n a l y s i s  i s  
p o s s i b l y  d u e  t o  t h e  p r e s e n c e  o f  t h e  t e n 
d o n  i n  t h e  m e r u s  s e c t i o n  w h i c h  w a s  o b 

s e r v e d  i n  s e v e r a l  c a n s  o f  t h e i r  c a n n e d  
c r a b .

T h e  c a l o r i c  v a l u e  f o r  t h e  c o m p o s i t e  

s n o w  c r a b  m e a t  w a s  c a l c u l a t e d  ( A t w a t e r  
a n d  B r y a n t ,  1 9 6 0 ;  U S D A ,  1 9 6 3 )  a s  4 2 8  

c a l / l b  a s  c o m p a r e d  t o  4 3 0  f o r  k i n g  c r a b .  
N e i t h e r  s n o w  n o r  k i n g  c r a b  s a m p l e s  c o n 
t a i n e d  g l y c o g e n ,  n o r  d i d  t h e y  c o n t a i n  
c a r b o h y d r a t e  b y  p r o x i m a t e  d i f f e r e n c e .  

S u c h  a b s e n c e  m a y  b e  t h e  r e s u l t  o f  s t r e s s  

c o n d i t i o n s  c a u s e d  b y  n o r m a l  c o m m e r c i a l  
l i v e - t a n k i n g  f o r  s e v e r a l  d a y s  w i t h o u t  

f o o d .  T h e  t h i n  l a y e r  o f  r e d  p i g m e n t e d  
s k i n  t h a t  s u r r o u n d s  t h e  m u s c l e s  c o n t a i n e d  
3 . 1 %  l i p i d  a n d  a c c o u n t e d  f o r  a b o u t  5 . 1 %  

o f  t h e  w e i g h t  o f  m e r u s  m e a t .  T h e  m e r u s  
m u s c l e  w i t h  t h e  s k i n  r e m o v e d  c o n t a i n e d  

1 .0 %  l i p i d  a n d  i s  s n o w  w h i t e .

A m i n o  a c i d ,  s o d i u m  a n d  
p o t a s s i u m  a n a l y s i s

T h e  a m i n o  a c i d  a n a l y s i s  ( T a b l e  3 )  
s h o w s  t h a t  c a n n e d  s n o w  c r a b m e a t  c o n 
t a i n s  a  n o r m a l  d i s t r i b u t i o n  o f  a m i n o  a c i d s

i n c l u d i n g  t h e  e s s e n t i a l  a m i n o  a c i d s .  G l u 
t a m i c  a c i d ,  a s p a r t i c  a c i d ,  a r g i n i n e ,  l y s i n e ,  

l e u c i n e ,  g l y c i n e  a n d  a l a n i n e  w e r e  t h e  
m a j o r  a m i n o  a c i d s .  A l l e n  ( 1 9 7 1 )  r e p o r t e d  
a  s i m i l a r  d i s t r i b u t i o n  f o r  d u n g e n e s s  c r a b  

(Cancer magister) m u s c l e .  T h o m p s o n  a n d  

F a r r a g u t  ( 1 9 6 6 )  r e p o r t e d  a  s i m i l a r  a m i n o  
a c i d  c o n t e n t  i n  t h e  b o d y  m e a t  o f  C h e s a 

p e a k e  B a y  b l u e  c r a b s  ( Callinectes sapidus) 
e x c e p t  t h a t  a l a n i n e  a n d  g l y c i n e  w e r e  
p r e s e n t  i n  g r e a t e r  q u a n t i t y .  G l u t a m i c  a c i d  

a n d  a s p a r t i c  a c i d  a r e  a l s o  m a j o r  a m i n o  
a c i d s  i n  m e a l  p r e p a r e d  f r o m  w a s t e  m a 
t e r i a l  o f  k i n g  c r a b  (Paralithodes campt- 
schatica), K i e f e r  a n d  B a u e r s f e l d ,  1 9 6 9 ) .  
T h e  p o t a s s i u m  c o n t e n t  o f  t h e  d r a i n e d  
c a n n e d  m e a t  a v e r a g e d  1 6 2  m g / l O O g  o r  
1 8 5  m g / 4  o z .  T h e  s o d i u m  c o n t e n t  a v e r 
a g e d  5 1 6  m g / l O O g  o r  5 8 5  m g / 4  o z .  T h e  
h i g h  s o d i u m  v a l u e  i s  c a u s e d  b y  t h e  a d d i 
t i o n  o f  s a l t  t o  t h e  c a n n e d  c r a b .

F a t t y  a c i d  a n a l y s i s

A  w i d e  v a r i e t y  o f  f a t t y  a c i d s  w e r e  d e 
t e c t e d  i n  t h e  e x t r a c t e d  s n o w  c r a b  l i p i d s  
( T a b l e  4 ) .  I n  m o s t  r e s p e c t s  t h e  r e l a t i v e  

c o n c e n t r a t i o n s  o f  e a c h  t y p e  o f  f a t t y  a c i d  
w e r e  t h e  s a m e  i n  a l l  t y p e s  o f  s n o w  c r a b  
m e a t .  I n  t h e  c o m p o s i t e  w h o l e  m e a t  s a m 

p l e  t h r e e  f a t t y  a c i d s  ( 1 6 : 0 ,  1 8 : 1  a n d  
2 2 : 6 )  o c c u r  i n  a p p r o x i m a t e l y  e q u i v a l e n t  

a m o u n t s ,  i . e . ,  i n  t h e  1 3 . 5 - 1 7 . 8 %  r a n g e  
a n d  a c c o u n t  f o r  4 7 . 6 %  o f  t h e  t o t a l  f a t t y  
a c i d  c o n t e n t .  T h e s e  t h r e e  a c i d s  t o g e t h e r  

w i t h  2 0 : 5  ( t h e  d o m i n a n t  a c i d )  a c c o u n t  
f o r  7 6 . 6 %  o f  t h e  t o t a l  f a t t y  a c i d  c o n t e n t .  
F a t t y  a c i d s  1 8 : 0 ,  1 6 : 1  a n d  2 0 : 4  a l s o  
o c c u r  i n  a p p r o x i m a t e l y  e q u i v a l e n t  a -  

m o u n t s ,  i . e . ,  i n  t h e  3 . 0 - 3 . 9 %  r a n g e  a n d  

a c c o u n t  f o r  1 0 %  o f  t h e  t o t a l  f a t t y  a c i d  
c o n t e n t .  T h e  r e m a i n i n g  2 2  f a t t y  a c i d s  i n  
T a b l e  4  n o t  m e n t i o n e d  a b o v e  a c c o u n t  f o r  
o n l y  1 3 . 4 %  o f  t h e  t o t a l .

A d d i s o n  e t  a l .  ( 1 9 7 2 )  r e p o r t e d  a  s i m i 

l a r  f a t t y  a c i d  g r o u p i n g  o f  t h e  r a w  m e a t  o f  
s n o w  c r a b  ( Chionoecetes opilio)  w i t h  t h e  
f o l l o w i n g  e x c e p t i o n s :  f a t t y  a c i d  1 8 : 1  i s  

r e p o r t e d  a t  2 1 . 7 %  a n d  f a t t y  a c i d  1 8 : 0  is  
r e p o r t e d  a t  2 . 4 % .  T h e  d i f f e r e n c e  i s  s m a l l  
a n d  a t t r i b u t e d  t o  s p e c i e  a n d  e n v i r o n 
m e n t a l  f a c t o r s .  I n  m o s t  r e s p e c t s  t h e  c o n 
c e n t r a t i o n s  o f  f a t t y  a c i d s  i n  s h r i m p  m e a t  
a r e  u n a f f e c t e d  b y  c o o k i n g  ( K r z e c z k o w 
s k i ,  1 9 7 0 ) .  T h i s  i s  p r o b a b l y  t r u e  w i t h  
c r a b m e a t  a l s o .  W h e n  t h e  s k i n  w a s  r e 

T ab le 3 -A m in o  acid composition of canned3 
Alaskan snow crab

Am ino Acid g/100g Protein

Alanine 5.5
Arginine 9.8
Aspartic acid 10.3
Cystine 1.3
Glutamic acid 15.9
Glycine 5.7
Histidine15 2.2
lsoleucineb 4.8
Leucineb 8.2
Lysine*5 8.5
Methionine15 3.2
Phenylalanine*5 4.4
Proline 3.9
Serine 4.2
Threonine*5 4.6
Tryptophan*5 1.1
Tyrosine 3.9
Valine*5 4.6

a Drained contents 
b Essential amino acids

m o v e d  f r o m  t h e  m e r u s  m e a t ,  h i g h e r  
a m o u n t s  o f  f a t t y  a c i d  2 0 : 5  w e r e  f o u n d .  

T h e  s k i n  w a s  l o w  i n  p o l y u n s a t u r a t e d  
a c i d s ,  e s p e c i a l l y  2 2 : 6 ,  a n d  h i g h  i n  m o n o -  
u n s a t u r a t e d  a c i d s ,  p a r t i c u l a r l y  1 8 : 1 .  K i n g  

c r a b  d i d  n o t  r e v e a l  a s  g r e a t  a  d i f f e r e n c e  
b e t w e e n  s k i n  a n d  m u s c l e  ( K r z e c z k o w s k i  
e t  a l . ,  1 9 7 1 ) .

T h e  i d e n t i f i c a t i o n  o f  a  p e a k  c o n s i d 
e r e d  t o  b e  2 3 : 5  i s  s p e c u l a t i v e  s i n c e  t h e  
g a s - l i q u i d  c h r o m a t o g r a m  f o r  t h i s  p e a k  is  

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

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

I n  g e n e r a l  a n d  f o r  a l l  t y p e s  o f  m e a t ,  
o v e r  5 0 %  o f  t h e  a c i d s  w e r e  p o l y u n s a t u 

r a t e d .  A  r e v i e w  o f  t h e  l i t e r a t u r e  o n  t h e  
f a t t y  a c i d  c o n t e n t  i n  o v e r  1 0 0  f i s h  a n d  2 8  
s h e l l f i s h  r e v e a l s  t h a t  o n l y  A t l a n t i c  c o d ,  

g u r n a r d  ( Chelidonichths kumu), k i n g  
c r a b ,  P a c i f i c  o y s t e r ,  s c a l l o p s  a n d  s q u i d  
h a v e  a  s i m i l a r  p o l y u n s a t u r a t e  c o n t e n t  
( G r u g e r ,  1 9 6 7 ; K h a l i d  e t  a l . ,  1 9 6 8 ;  K r z e c z 

k o w s k i  e t  a l . ,  1 9 7 1 ,  1 9 7 2 ;  S h i m m a  a n d  
T a g u c h i ,  1 9 6 4 ) .

T h e  d e t e r i o r a t i o n  o f  a  m a r i n e  l i p i d  is  

g r e a t l y  i n f l u e n c e d  b y  i t s  d e g r e e  o f  u n s a t 
u r a t i o n .  T h e  r e l a t i v e l y  l a r g e  a m o u n t  o f  
p o l y u n s a t u r a t e d  a c i d s ,  e s p e c i a l l y  2 2 : 6  
a n d  2 0 : 5  ( 4 2 - 4 6 % )  m u s t  t h e r e f o r e  b e  
c o n s i d e r e d  i n  t h e  m a i n t e n a n c e  o f  q u a l i t y  
d u r i n g  h a n d l i n g  a n d  f r o z e n  s t o r a g e .  T h e  
s k i n ,  b e c a u s e  o f  i t s  h i g h  l i p i d  c o n t e n t ,  
i s  p r o b a b l y  m o r e  p r o n e  t o  o x i d a t i v e  
c h a n g e s  t h a n  t h e  m u s c l e  w h i c h  t h e  s k i n  

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

p r e s e n t  a  p o t e n t i a l  l i p i d  o x i d a t i o n  p r o b 

l e m  i n  t h e  s e n s e  t h a t  f a t t y  f i s h  d o .
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Table 4— Total fa tty  acid content2 in canned and various types o f cooked frozen snow crab meat

Fatty
acids'5

Whole meat 
(composite) Canned

Body-
shoulder Claws

Propodus
carpus Merus

Merus
w ithou t

skin Skin

Saturated Acids

10 :0 0.3 0.4 0.1 0.1 0.1 0.3 Tr 0.2
12 :0 0.4 0.4 0.2 0.2 0.2 0.4 Tr 0.2
14:0 0.4 0.4 0.2 0.6 0.4 0.5 0.5 1.2
15:0 0.7 0.7 0.9 0.9 0.5 0.5 0.5 1.5
16:0 13.5 12.5 13.2 12.5 13.5 13.5 13.7 11 .6
17:0 0.9 1.3 1.0 0.9 1.2 1.1 0.9 0.3
18:0 3.1 3.4 3.5 3.8 3.6 2.9 2.8 5.8
19:0 Tr Tr Tr Tr Tr Tr Tr Tr
20:0 Tr Tr Tr Tr Tr Tr Tr Tr
22 :0 Tr Tr Tr Tr Tr Tr Tr Tr
24:0 Tr Tr Tr Tr Tr Tr Tr Tr
Total 19.3 19.1 19.1 19.0 19.5 19.2 18.4 20.8

Mono-unsaturated acids

14:1 0.2 0.4 0.4 0.2 0.5 0.4 0.3 0.6
15:1 0.2 0.3 0.1 0.2 0.5 0.3 0.2 0.5
16:1 3.0 3.3 3.4 3.8 3.2 3.3 3.5 4.5
17:1 0.9 0.9 0.9 0.8 0.9 0.7 0.7 1.0
18:1 17.8 16.0 17.5 19.3 17.3 17.0 16.3 21.9
20 :1 1.4 1.2 0.5 1.5 1.6 1.0 1.4 3.0
2 2 :1 0.5 0.6 0.5 0.5 0.5 0.5 0.4 0.2
Total 24.0 22.7 23.3 26.3 24.5 23.2 22.8 31.7

Poly unsaturated acids

16:2 uj4 0.7 0.4 0.6 0.8 0.6 1.0 0.5 0.8
18:2 w 6 1.1 3.5 2.7 1.9 1.4 1.9 1.1 1.2
18:3 tu3 0.4 0.5 0.2 0.1 0.5 0.4 0.4 0.4
18:4 cu3 0.5 0.6 0.5 0.1 0.5 0.3 0.1 0.2
20 :2  lo6 0.4 0.3 0.4 0.2 0.5 0.4 0.4 0.7
20:4 co6 3.9 4.8 3.7 4.7 6.4 3.7 3.7 8.5
20 4 oo3 Tr Tr Tr Tr Tr Tr Tr Tr
20:5 cj3 29.0 28.0 29.6 26.3 26.2 30.0 31.9 22 .2
22:3 co6 1.8 1.4 1.2 1.1 1.1 1.1 1.0 1.1
22  4 oj6 0.5 0.9 0.6 1.0 0.5 0.9 0.8 0.9
22 5 co3 1.2 1.4 1.5 1.3 1.3 1.1 1.7 1.5
22 6 co3 16.3 15.0 16.6 15.7 16.5 15.6 15.1 9.4
23:5 ? 0.5 0.5 0.3 0.5 0.5 0.5 1.0 0.5
Total 56.3 57.3 57.9 53.7 56.0 56.9 57.7 47.4

a Weight percent of fatty acid methyl esters (^1 0—̂ 23) 
b Ratio of C Atoms to double bonds

O n  t h e  b a s i s  o f  t h e s e  s t u d i e s  i t  a p p e a r s  
t h a t  t h e  a m i n o  a c i d  c o n t e n t  o f  s n o w  c r a b  
m e a t  i s  s i m i l a r  t o  t h a t  o f  d u n g e n e s s  a n d  
b l u e  c r a b  m e a t .  T h e  f a t t y  a c i d  c o n t e n t  
a n d  p r o x i m a t e  a n a l y s i s  a r e  s i m i l a r  t o  k i n g  

c r a b .

T h e s e  r e s u l t s  s h o w  t h a t  s n o w  c r a b  
c o n t a i n  a  c o n s i d e r a b l e  a m o u n t  o f  m e a t  
( 3 3 . 7 % ) ,  w h i c h  is  h i g h  i n  p r o t e i n  a n d  
n u t r i t i o n .  T h e  f o u r  t y p e s  o f  m e a t  p r e s e n t  
i n  s n o w  c r a b  s h o w  n o  s i g n i f i c a n t  d i f f e r 
e n c e  i n  f a t t y  a c i d  c o m p o s i t i o n  a n d  p r o x i 
m a t e  a n a l y s i s .  R e s u l t s  s h o u l d  b e  o f  v a l u e  
t o  h o m e  e c o n o m i s t s ,  n u t r i t i o n i s t s  a n d  
i n v e s t i g a t o r s  f o r  i m p r o v i n g  p r o c e s s i n g  a n d  
m a r k e t i n g .
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HEAT STABILITY OF CHICKEN ACTOMYOSIN

INTRODUCTION

M E C H A N IC A L L Y  D E B O N E D  ch ic k en  
m ea t h o ld s  p ro m ise  as a n  im p o r ta n t  n u t r i 
t io n a l a n d  fu n c tio n a l  in g re d ie n t  in  m an y  
p ro cessed  fo o d s . B ecau se  o f  i ts  h ig h  p ro 
te in  c o n te n t ,  i t  h a s  im p o r ta n t  n u tr i t io n a l  
p o te n tia l .  F u n c tio n a lly ,  c h ic k e n  p ro te in  
h as b e en  sh o w n  to  p e rfo rm  w ell in  m an y  
e m u ls io n  p ro d u c ts  su c h  as ro lls  a n d  f ra n k 
fu r te rs . H u d sp e th  a n d  M ay (1 9 6 7 ;  1 9 6 9 )  
a n d  M cC ready  a n d  C u n n in g h am  (1 9 7 1 )  
fo u n d  th a t  th e  sa lt so lu b le  p ro te in s  in  
p o u ltry  m u sc le  tis su e  (m a in ly  a c tin , m y o 
sin  a n d  a c to m y o s in )  a re  o f  p a r tic u la r  
fu n c tio n a l  im p o r ta n c e . As w ith  m a n y  
c o m m in u te d  fo o d  p ro d u c ts ,  th e  sh e lf  life  
o f  m ec h an ic a lly  d e b o n e d  m e a t is re la tiv e 
ly  sh o r t .  M oreo v er, w h e n  m ish an d le d  
p r io r  to  use  in  p ro cessed  fo o d s  th e  p ro d 
u c t  is p o te n t ia l ly  a  so u rc e  o f  c o n ta m in a 
t io n  b y  sa lm o n e lla e  a n d  o th e r  h a rm fu l 
o rg an ism s (O s to v a r  e t  a l., 1 9 7 1 ; L illard , 
197 1 ). C o n se q u e n tly , i t  w o u ld  b e  d esir
ab le  to  h e a t  p ro cess  th e  m e a t to  d e s tro y  
th e se  o rg an ism s a n d  to  re d u c e  th e  to ta l  
b a c te r ia l  lo a d . H o w ev er, w h e n  th is  is 
d o n e , th e  p ro te in s  w h ich  f u n c tio n  as 
e m u ls io n  s ta b iliz e rs  a re  d e n a tu re d  and  
can  n o  lo n g e r fu n c tio n  e ffe c tiv e ly  (Y o u n g  
an d  L y o n , 1 9 7 3 ). T h e  o b jec tiv e  o f  th is  
s tu d y  w as to  in v es tig a te  c o n d it io n s  u n d e r  
w h ich  o n e  o f  th e se  p ro te in s , a c to m y o s in , 
c o u ld  b e  m a d e  s ta b le  to  th e  c o n d itio n s  
u su a lly  re q u ire d  to  h e a t-p a s te u r iz e  fo o d  
in g red ien ts .

EXPERIMENTAL

Preparation o f the actomyosin
Fresh hand-deboned chicken breast meat 

was ground coarsely and extracted overnight 
with 5 volumes of Weber-Edsall solution (0.6M 
KC1, 0.04M NaHCO,, 0.01 M Na2C O ,) contain
ing 0.001M EDTA. The extract was diluted 
with 4 volumes o f 0.6M KC1 in order to reduce 
viscosity and centrifuged at 5000 rpm in a 
L ourdes model A-2 refrigerated centrifuge 
which was equipped with a num ber 1605 con
tinuous rotor. The tem perature was m aintained 
at 1 -3 °C . Thereafter the reprecipitation pro
cedure was as described by Briskey and Fuka- 
zawa (1971). The protein content o f the prep
aration was estim ated by the m ethod of Lowry 
et al. (1951).
Heat treatm ent

25 ml o f each of the test preparations were 
placed individually in a 125-ml Erlenmeyer 
flask, and brought to 65°C (with mixing) in an 
85°C water bath. Each flask was held at 65°C

in a 65°C bath for 1 min and then chilled to 
30°C in an ice bath. The “ come up” time was 
about 40 sec and “ come dow n” time was about 
30 sec. This treatm ent was selected as one 
which would achieve satisfactory pasteurization 
o f food products (USDA, 1969).
Emulsifying capacity

The index of heat damage used throughout 
this study was the fat emulsifying capacity (EC) 
o f the protein. The procedure was substantially 
that o f Swift et al. (1961) and was perform ed 
in the following manner. 25 ml o f the solution 
whose EC was to be determined (including any 
precipitate form ed during the heat treatm ent) 
was adjusted to pH 7.0, except where noted, 
and then placed in an Omni-mixer chamber 
which was chilled in an ice bath. The blender 
was started and after 30 sec corn oil was added 
at a rate, o f 15 m l/min until the emulsion 
“broke” as evidenced by a sudden decrease in 
viscosity. The total am ount o f oil added was 
divided by the milligrams protein in the cham
ber to yield the emulsifying capacity (EC) per 
milligram o f protein.
Solvent pH

The actomyosin was adjusted to 14 mg per 
ml in 0.5M KC1. Triplicate 12.5 ml samples 
were then adjusted to pH 6.5, 7.0, 7.5, 8.0, 8.5,
9.0 and 9.5 with an equal volume of 0.5M tris- 
HC1 buffer. The final volume o f each sample 
was 25 ml. The protein concentration before 
heating was 7 mg per ml. Each sample was 
heated as previously described. Since Neela- 
kantan and Froning (1971) found that pH af
fects EC, the pH was readjusted to 7.0 after 
heating. The final protein concentration was 6 
mg per ml. The EC was determined.
Solvent ionic strength

Triplicate samples o f the actom yosin were 
adjusted to 7 mg actom yosin per ml, ionic 
strength (p) 0.2, 0.4 or 0.6. The pH of unbuff
ered solutions was 6.4. The samples were heat 
treated as previously described and readjusted 
to 6 mg protein per ml, p = 0.6. The EC was 
determined. Triplicate samples were also tested 
for heat stability in 0 .12M tris-0.2M KC1 and 
0 .12M tris-0.6M KC1, pH 6 .5 -9 .5 .

Monovalent cations
Samples o f the actom yosin preparation were 

precipitated by dilution and washed twice with 
0.2M KC1, 0.2M LiCl or 0.2M NaCl. They were 
then adjusted to 0.6M KC1, 0.6M LiCl or 0.6M 
NaCl. Three 25-ml aliquots o f each sample were 
heated as previously described and EC deter
mined. These data were compared to EC of 
protein samples with the same salt composition 
bu t w ithout the heat treatm ent.
Divalent cations

Triplicate samples o f the actomyosin were 
adjusted to 0.6M KC1 (p = 0.6), 0 .1 3M MgCl2 -  
0.2M KC1 (p = 0.6) or 0 .1 3M CaCl2 -  0.2M

KC1 (p = 0.6) and then heated as previously 
described. Triplicate control samples were pre
pared in a like manner but unheated. The EC 
was determ ined on all heated and unheated 
samples.
Neutral organic solutes

Hashimoto and Yasui (1966) reported that 
various sugars and alcohols helped to reduce the 
heat sensitivity o f myosin A adenosine tri
phosphatase activity. Thus, triplicate 25 ml 
samples o f the actom yosin preparation were 
adjusted to  contain 7 mg protein per ml and 0, 
4 or 6% sucrose in 0.6M KC1. The samples were 
heated as previously described and the EC de
termined. Control samples were treated simi
larly bu t no t heated. The EC of the heated and 
unheated samples were compared.
Inorganic polyphosphates

Polyphosphates have a profound influence 
on the physical and functional properties of 
muscle proteins. Hamm (1971) ascribed this 
influence to (1) change o f pH, (2) nonspecific 
effects o f  ionic strength and (3) specific effects 
o f the phosphate anion with the m yofibrillar 
proteins. These phosphates might have a bene
ficial effect on the heat sensitivity o f actom yo
sin. Solutions were prepared in triplicate to 
contain 8 mg actom yosin per ml, 0.2M KC1 and 
0.0, 0.2 or 0.6% sodium tripolyphosphate (TP) 
or sodium pyrophosphate (PP). These concen
trations correspond to ionic strengths o f 0.20, 
0.26 and 0.44 for the TP and 0.20, 0.24 and 
0.33 for the PP. The samples were heated as 
previously described and their EC determined. 
The EC were compared to  the EC o f control 
samples containing the same am ount o f protein, 
KC1 and polyphosphate but no t heated.
Kena

The actom yosin was adjusted to 8 mg pro
tein per ml, 0.0, 0.2 and 0.6% Kena (a commer
cially available polyphosphate food additive) 
and 0.2 or 0.6M KC1. Triplicate samples o f each 
solution were heat treated. The EC was deter
mined, and compared to  control samples con
taining the same am ount o f KC1 and Kena but 
unheated.

RESULTS & DISCUSSION

S o lv en t pH
It m ay  b e  seen  in F ig u re  1 th a t  h e a tin g  

th e  p ro te in  b e lo w  p H  8 .5  cau sed  th e  p ro 
te in  to  c o ag u la te  an d  e ith e r  f lo a t  o n  th e  
su rfa ce  o r  s in k  to  th e  b o t to m  o f  th e  c o n 
ta in e r. T h e  d eg ree  o f  h e a t  d am ag e  w as 
re d u c e d  as th e  p H  in c re ased . T h e  d am ag e  
w as nev er a lto g e th e r  e lim in a te d  s ince  
even  a t  th e  h ig h es t pH  levels te s te d , th e  
p ro te in  in  th e  t r e a te d  sam p le s  fo rm e d  a 
f lo c c u la r  p re c ip ita te  w h ic h  se t tle d  o u t  
u p o n  lo n g  s ta n d in g . T h e  p ro te in  in th e
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u n h e a te d  c o n tro l  d id  n o t  s e ttle  o u t  even 
a f te r  s ta n d in g  o v er n ig h t.

B elow  p H  8 .5 , n o  e m u ls io n  fo rm e d  in  
th e  EC  te s t  in d ic a tin g  th a t  th e  p ro te in  
w as d e n a tu re d  to  su c h  an  e x te n t  th a t  it 
c o u ld  n o  lo n g e r e m u ls ify  th e  c o rn  oil 
(T ab le  1). A bove  p H  8 .5 , th e  EC te s ts  
w ere  c o n s id e ra b ly  b e tte r .  N ev erth e less , 
ev en  a t th e  h ig h es t pH  levels te s te d , 
th e  e m u ls ify in g  c ap a c itie s  o f  th e  tre a te d  
sam p les n ev er e x ce ed e d  65%  o f  th e  u n 
h e a te d  c o n tro ls . T h u s , a lth o u g h  ra is ing  
th e  pH  o f  th e  so lv en t ab o v e  8 .5  im p ro v e d  
th e  h e a t  s ta b il i ty  o f  a c to m y o s in  th e re  w as 
still s ig n ific a n t d am ag e  to  th e  a b ili ty  o f  
th e  p ro te in  to  e m u ls ify  fa t.

S o lv en t io n ic  s tre n g th
I t  m ay  be  seen  in  T ab le  2 th a t  in c re a s

ing th e  io n ic  s tre n g th  in c re a sed  th e  h e a t 
s ta b ili ty  o f  th e  a c to m y o s in  b u t  th e  EC 
was lo w e r th a n  th a t  o f  th e  u n h e a te d  p ro 
te in . p H  m e a su re m e n ts  b e fo re  an d  a f te r  
h e a tin g  rev ea led  a d ec rease  in p H  o f  fro m  
0 .5  to  1 .0  u n its  in  all sam p le s w h ic h  in 
d ic a te d  th a t  even  a t th e  h ig h es t io n ic

s tre n g th  th e re  w as s ig n ific a n t d é n a tu ra 
tio n  d u rin g  h e a tin g . S ince th e  p H  also  
a f fe c ts  h e a t  se n s itiv ity , th e  io n ic  s tre n g th  
e x p e r im e n t w as re p e a te d  w ith  an  a d d ed  
b u f fe r  a t v a rio u s  p H  values to  c o n tro l  pH . 
M easu rem en ts  ta k e n  b e fo re  a n d  a f te r

h e a tin g  sh o w ed  th a t  th e  p H  w as m a in 
ta in e d  w ith in  0.1 u n its .  In c re a s in g  th e  pH  
w hile  m a in ta in in g  a lo w  io n ic  s tre n g th  
o n ly  m arg in a lly  im p ro v e d  th e  h e a t  s ta 
b ili ty  o f  th e  a c to m y o s in  (T ab le  3 ). T h e  
en d  p o in t  o n  th e  p H  9 .0  — 0 .2 M  KC1

Table 3—Effect of pH at high and low ionic strength on the emulsi
fying capacity of chicken natural actomyosin3

pH
Emulsifying capacity 

0.12M Tris -  0.2M KCI
b (ml/mg protein)
0.12M Tris — 0.6M KCI

6.5 _c 0.21a
7.0 - 0.19a
7.5 - 0.21a
8.0 - 0.22a
8.5 - 0.20a
9.0 'VOTO 0.23ab
9.5 0.20 0.24b
Control (unheated) 0.26 0.62c
a Each va lue represents th e  mean c f  th ree  observations. H eat tre a tm e n t: 

65 °C  fo r  1 m in ; P ro te in : 7 m g /m l. 
b Means w ith  th e  same le tte rs  do n o t d if fe r  s ig n ific a n tly  a t P <  0.05. 
c — ind icates no em u ls ion  fo rm e d  in EC test.

Table 1—The effect of solvent pH on the 
heat stability of natural actomyosin3

pH
Emulsifying capacity 
(ml oil/mg protein)13

6.5 _c
7.0 -
7.5 -

8.0 -

8.5 0.15a
9.0 0.44b
9.5 0.41b
Control (unheated) 0.68c
a Each va lue represents mean o f  th re e  observa

tio n s : S o lve n t: 0 .25M  T r is  — 0 .25M  KC I; Heat 
tre a tm e n t: 65 °C  fo r  1 m in ; P ro te in : 7 m g /m l 
(p r io r  to  heating).

b Means w ith  the  same le tte r do n o t d iffe r  sig
n if ic a n t ly  a t P <  0 .01.

c — ind icates no em u ls ion  fo rm e d  in EC test.

Table 2—Effect of variation in solvent ionic 
strength (ju) on the emulsifying capacity of 
chicken natural actomyosin3

Ionic strength Emulsifying capacity13
<M> (ml oil/mg protein)

0.2 _c
0.4 0.23a
0.6 0.33b
Unheated Control 0.39c

(M -  0.6)___________________________________
a Each value represents the  mean o f  th ree  o b 

servations. Heat tre a tm e n t: 6 5 ° C fo r  1 m in ; 
P ro te in : 7 m g /m l.

b Means w ith  d iffe re n t le tte rs  d if fe r  s ig n if i
c a n tly  a t P <  0.05.

c — ind icates no em u ls ion  fo rm ed  in EC test.

Table 4—Effect of three monovalent cations on the heat sensitivity of chicken actomyosin3

Treatment

Emulsifying capacity (ml/mg protein)13

0.6M KCI 0.6M NaCI 0.6IVI LiCI

Control
(unheated) 0.46a 0.45a 0.47a
Heated _c - -
3 H eat tre a tm e n t: 65 °C  fo r  1 m in ; P ro te in : 5 m g /m l; pH : 6.4. 
b Means w ith  th e  same le tte r  do n o t d if fe r  s ig n ific a n tly  a t P <  0 .05 . 
c — ind icates no em u ls ion  fo rm e d  in th e  EC test.

Table 5—Effect of Mg++, Ca++ and K+ on the heat sensitivity of chicken actomyosin3

Emulsifying capacity13 (ml/mg protein)

Treatment 0.6M KCIC 0.13M MgCI2 -  0.2M KCIC 0.13M CaCI2 -  0.2M KCIC

Control
(unheated)
Heated

0.36b 
—ad

0.39c 0.37bc 
0.37bc —ad

b
c
d

H eat tre a tm e n t: 6 5 °C  fo r  1 m in ; pH : 7 .0 ; P ro te in : 7 m g /m l. 
Means w ith  th e  same le tte r do n o t d if fe r  s ig n ific a n tly  a t P <  0 .05. 
Io n ic  s treng th : 0.6.
— ind icates no e m u ls ion  fo rm e d  In EC test.

Table 6—Effect of two levels of sucrose on the heat sensitivity of chicken actomyosin3

Emulsifying capacity13 (ml/mg protein)

Treatment 0%  sucrose 4% sucrose 6% sucrose
Control
(unheated) 0.36cd 0.37d 0.38d
Heated —a° 0.26b 0.34c
3 P ro te in : 7 m g /m l; pH : 7 .0 ; Ion ic  s treng th : 0.6. 
b Means w ith  the  same le tte r do n o t d if fe r  s ig n ific a n tly  a t P <  0 .05. 
c — ind icates no e m u ls ion  fo rm e d  in EC test.
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sam ples w as sm all an d  q u i te  d if f ic u lt  to
see. T h e  s ta b ili ty  w as p a r tia lly  im p ro v e d  
a t p H  9 .5 . T h e  s ta b il i ty  o f  th e  p ro te in  
was c o n s id e ra b ly  im p ro v e d  in  th e  b u f f 
e red , h ig h er io n ic  s tre n g th  so lv en t. T h is 
im p ro v ed  s ta b il i ty  w as e v id e n t even  a t 
lo w  pH . W hen th e  p H  w as in c reased , 
th e  h e a t s ta b il i ty  a lso  in c re a sed  s lig h tly . 
N ev erth e less , th e  EC o f  h e a te d  sam ples 
n ev er e q u a le d  th a t  o f  th e  u n h e a te d  c o n 
tro ls .

Monovalent cations
R ep lac in g  th e  KC1 w ith  e ith e r  NaCl o r  

LiCl h a d  n o  e f fe c t o n  e ith e r  th e  EC  o r  th e  
n eat se n s itiv ity  o f  th e  p ro te in  (T ab le  4 ). 
The p ro te in  in  all h e a te d  sam p le s  w as 
d e n a tu re d  to  th e  e x te n t  th a t  n o  e m u l
sions fo rm e d  in  th e  EC te s t.

Divalent cations
W hen  th e  h e a t  se n s itiv ity  o f  th e  ac to - 

m y o s in  w as te s te d  in  th e  p re sen c e  o f  K + ,

Mg++ a n d  C a+ + , th e  Mg++ cau sed  a sm all 
th o u g h  s ta tis t ic a l ly  s ig n ific a n t im p ro v e 
m en t in  th e  e m u ls ify in g  c a p a c ity  o f  th e  
c o n tro l  sam p le s  (T a b le  5), b u t  C a++ h ad  
n o  e ffe c t.  T h e  p ro te in  w as less h e a t  sen si
tive  in  th e  p re se n c e  o f  Mg+ + . B o th  Ca++ 
an d  Mg++ a re  c ap a b le  o f  b in d in g  w ith  th e  
m ea t p ro te in s  ( In k la a r , 1 9 6 7 ). A p p a r
e n tly  th e  M g -ac to m y o sin  c o m p le x  is m o re  
s tab le  to  h e a t  th a n  th e  u n c o m p le x e d  
p ro te in  w h ile  th e  c a lc iu m  c o m p le x  is as 
h e a t sen sitiv e  as th e  n a tiv e  p ro te in .

Neutral organic solutes
T h e  p re sen c e  o f  su c ro se  h a d  n o  e ffe c t 

o n  th e  EC o f  th e  u n h e a te d  a c to m y o s in  
b u t  s ig n if ic a n tly  im p ro v e d  th e  h e a t  s ta 
b ili ty  o f  th e  p ro te in  (T a b le  6 ). T h e  p ro 
te in  in  all h e a te d  sam p le s  w as o b v io u sly  
d e n a tu re d  b u t  th e  c u rd  a p p e a re d  so f te r  
an d  m o re  f lo c c u le n t in  th o se  w ith  th a n  in 
th o se  w ith o u t  th e  sugar. E ven th o u g h  th e  
su c ro se  im p ro v e d  th e  h e a t  s ta b il i ty  o f  th e  
a c to m y o s in , th e  EC w ere  lo w e r  in  th e  
h e a te d  sam p le s th a n  in  th e  u n h e a te d  
ones. P e rh a p s  h ig h e r levels o f  su c ro se  o r 
o th e r  n e u tra l  o rg an ic  so lu te s  w o u ld  s ta b i
lize  th e  a c to m y o s in  fu r th e r .

Polyphosphates
A d d in g  so d iu m  tr ip o ly p h o s p h a te  (T P ) 

s ig n ific a n tly  im p ro v e d  th e  em u ls ify in g  
c a p a c ity  o f  th e  c o n tro l  sam p le s  (T a b le  7). 
H ow ever, 0 .2%  T P  w as ju s t  as e ffe c tiv e  as 
0 .6% . T h e  h e a t  s ta b ili ty  o f  th e  p ro te in  
was su b s ta n tia l ly  im p ro v e d  b y  th e  TP. A t 
0 .6%  T P  th e re  w as n o  d if fe re n c e  in  e m u l
sify in g  c a p a c itie s  b e tw e e n  th e  h e a te d  and  
u n h e a te d  sam p les. T h e  e f fe c t o f  so d iu m  
p y ro p h o s p h a te  (P P ) w as s im ila r  to  th a t  o f  
T P b u t  th e  re sp o n se  w as sm a lle r  (T ab le
8). T h e  PP im p ro v e d  th e  EC  an d  re d u c e d  
th e  h e a t  se n s it iv ity  o f  th e  a c to m y o s in . No 
d o u b t  p a r t  o f  th e se  e f fe c ts  w as d u e  to  th e  
e lev a ted  p H  a n d  io n ic  s tre n g th  c au sed  by  
th e  p o ly p h o sp h a te s . H o w ev er, th e  re su lts  
in T ab les  1, 2 a n d  3 , su g g est th a t  th e  
p o ly p h o s p h a te  a n io n  h as  an  a d d itio n a l 
sp ec ific  e f fe c t  o n  th e  h e a t  se n s itiv ity  o f  
th e  p ro te in . I t  m ig h t be  a rg u ed  th a t  th is  
e ffe c t w as n o t  th e  s ta b il iz a tio n  o f  a c to 
m y o sin  b u t  r a th e r  th e  c o n v e rs io n  o f  a c to 
m y o sin  to  its  c o m p o n e n ts  a c tin  an d  
m y o sin  b y  th e  p o ly p h o s p h a te s  an d  th e  
su b se q u e n t s ta b il iz a tio n  o f  th e se  c o m p o 
n e n ts . T h is seem s an  u n lik e ly  co u rse , 
h o w ev er, fo r  tw o  re aso n s : (1 )  D iva len t 
c a tio n s  a re  re q u ire d  fo r  PP to  c o n v e rt  
a c to m y o s in  to  a c t in  a n d  m y o s in  (B en d all,
195 4 ). S ince all so lv e n ts  w ere  p re p a re d  
w ith  d e io n iz e d  w a te r , th e  C a++ a n d  Mg++ 
c o n te n t  o f  th e  a c to m y o s in  p re p a ra tio n s  
sh o u ld  hav e  b e e n  q u ite  low . (2 )  T P  m u st 
be  c o n v e r te d  to  PP + o r th o p h o s p h a te  by  
m y o sin  B tr ip h o s p h a ta s e  in  o rd e r  to  d is
so c ia te  a c to m y o s in  an d  th is  re a c tio n  re 
q u ire s  C a++ o r  Mg+ + , h ig h  io n ic  s tre n g th  
an d  an  acid  m e d iu m  (Y a su i e t  a l., 1 9 6 4 ). 
S ince th e  C a++ an d  Mg++ c o n te n t  sh o u ld  
hav e  b e e n  lo w , th e  io n ic  s tre n g th  w as 
less th a n  0 .4 4  in  all sa m p le s  an d  th e

Fig. 1 —E ffect o f  p H  on the heat sens'tivity for chicken natural actomyosin.

Table 7—Effect of sodium tripolyphosphate (TP) 
myosin in 0.2M KCIa

on the heat sensitivity of chicken acto-

Emulsifying capacity*5 (ml/mg protein)

Treatment 0.0% TP 0.2% TP 0.6% TP
Control
(unheated) 0.29b 0.51cd 0.52d
Heated —ac 0.49c 0.53d
a A c to m y o s in  c o n c e n tra tio n : 8 m g /m l; pH : 0% 7.7, 0.2%  8 .6 , 0.6%  8 .8 ; H eat tre a tm e n t: 65 °C  

fo r  1 m in .
b Means w ith  th e  same le tte r  do n o t d if fe r  s ig n n lc a n tly  a t P <  0.05. 
c — ind icates no em u ls ion  fo rm e d  in  EC test.

Table 8—Effect of sodium pyrophosphate (PP) on the heat sensitivity of chicken acto
myosin in 0.2IVI KCIa

Emulsifying capacity*5 (ml/mg protein)

T reatment 0.0% PP 0.2% PP 0.6% PP

Control
(unheated)
Heated

0.25b 0.33c 
- c 0.35c

0.38d
0.39d

a Actomyosin concentration: 8 mg/ml; pH: 0% 6.6, 0.2% 8.8, 0.6% 9.2; Heat treatment: 65°C
for 1 min.

b Means with the same letter do not differ sign ficantly at P < 0.05. 
c — indicates no emulsion formed in EC test.
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Table 9—Effect of Kena at two KCI concentrations on the heat sensitivity of actomyosin3

Emulsifying capacity13 
0.2IVI KCI

(ml/mg) Emulsifying capacity13 
0.6IVI KCI

(ml/mg)

% Kena
Control

(untreated) Heated
Dif

ference
Control

(untreated)
Dif-

Heated ference
0.0 0.31a —ac 0.31a* 0.39a —ac 0.39a*
0.2 0.51b 0.34b 0.17b* 0.47b 0.41b 0.06b*
0.6 0.49b 0.42c 0.07c* 0.49b 0.41b 0.08b*

a A c to m y o s in  c o n c e n tra tio n : 8 m g /m l; H eat tre a tm e n t: 65 °C  fo r  1 m in ; pH : 8.2. 
b Means in the  same c o lu m n  w ith  d if fe re n t le tte rs  d if fe r  s ig n ific a n tly  a t P <  0.05. 
c — ind icates no e m u ls ion  fo rm e d  in EC test.
* Ind icates s ig n ific a n tly  (P <  0 .05) greater th a n  0 .0 0

m e d iu m  w as s tro n g ly  a lk a lin e , i t  does n o t  
seem  lik e ly  th a t  th e  t r ip h o s p h a te  w as 
c o n v e rte d  to  th e  d ip h o sp h a te . A m o re  
lik e ly  e x p la n a tio n  fo r  th e  h e a t-s tab iliz in g  
e f fe c t is th a t  th e  p o ly p h o sp h a te s  f ro m  
c o m p le x es  w ith  th e  a c to m y o s in  th a t  are  
in h e re n tly  m o re  s ta b le  th a n  th e  n a tiv e  
p ro te in .

K ena

B ecau se  o f  th e  p o sitiv e  re su lts  w ith  th e  
p o ly p h o sp h a te s , th e  e f fe c t o f  K en a  on  
th e  h e a t  se n s itiv ity  o f  a c to m y o s in  in  0 .2  
an d  0 .6M  KCI w as in v es tig a te d . In  h e a te d  
a n d  u n h e a te d  sam p les an d  a t  b o th  KCI 
c o n c e n tra t io n s ,  K en a  im p ro v e d  th e  EC o f  
th e  a c to m y o s in  s ig n if ic a n tly  (T a b le  9). 
F u r th e rm o re ,  in c re a s in g  th e  K en a  c o n 
c e n tr a t io n  in  th e  h e a te d  sam p le s re d u ce d  
th e  h e a t  d am ag e  to  th e  em u ls ify in g  c ap ac 
ity . A t 0 .6M  KCI, 0 .2%  K en a  w as as e ffe c 
tive  as 0 .6%  K en a  in p re v e n tin g  h e a t  
dam ag e, b u t  n o t  a t  th e  0 .2M  KCI. T his 
d if fe re n c e  is lik e ly  d u e  to  th e  in c reased  
io n ic  s tre n g th  an d  s u b s e q u e n t  so lu b iliz a 
t io n  o f  th e  p ro te in  b y  th e  K en a  in  0 .2M  
KCI. E ven  th o u g h  th e  d iffe re n c e  b e tw e e n  
th e  EC  o f  th e  h e a te d  an d  u n h e a te d  sam 
ples c o n ta in in g  0 .6%  K en a  is s ig n fica n tly  
g re a te r  th a n  z e ro , th is  sm all a m o u n t o f  
d am ag e  m ay  b e  to le ra b le  s ince  p rev io u s 
w o rk  h as  sh o w n  th a t  a l im ite d  p ro p o r t io n  
o f  h e a t-d am a g ed  m e a t m ay  be in c lu d e d  in 
e m u ls io n  fo rm u la t io n s  (Y o u n g  an d  L y o n , 
197 3 ).

In  d ev e lo p in g  p ro c e d u re s  fo r  p a s te u r iz 
ing  m e c h a n ic a lly  d e b o n e d  c h ic k e n  m ea t, 
i t  is e ssen tia l to  f in d  m e th o d s  fo r  re 

d u c in g  th e  h e a t  se n s it iv ity  o f  th e  m o s t 
im p o r ta n t  fu n c tio n a l  p ro te in s  (a c tin , m y o 
sin a n d  a c to m y o s in ) . T h e  h e a t sensi
t iv ity  o f  c h ic k e n  a c to m y o s in  is c o n tro l
lab le  b y  a d ju s tm e n t o f  i ts  ch em ica l e n 
v iro n m e n t. E ffo r ts  to  s ta b iliz e  a c tin  and  
m y o s in , m ig h t use  e ith e r  o f  tw o  a p 
p ro a ch e s : (1 )  d ev elo p  m e th o d s  fo r  s ta b i
liz ing  th e se  p ro te in s  in d e p e n d e n tly  o r  (2 )  
c o n v e rt  th e m  to  a c to m y o s in  a n d  s tab ilize  
th e  l a t te r  w ith  a p p ro p r ia te  ad d itiv es . 
R egard less o f  w h ic h  a p p ro a c h  is ta k e n , 
an y  t r e a tm e n t  w h ic h  is a p p lie d  to  m ak e  
th e  fu n c tio n a l  p ro te in s  h e a t  s ta b ile  m ig h t 
a lso  a ffe c t  th e  o th e r  q u a li ty  a t t r ib u te s  o f  
th e  m e a t. C o n s id e ra tio n  m u s t be  given to  
th e  e ffe c t o f  a n y  ad d itiv es  o n  th e  co lo r, 
flav o r a n d  s to ra g e  s ta b il i ty  o f  th e  p ro d 
u c t. P o ly p h o sp h a te s  in f lu e n c e  a ll o f  th e se  
a t t r ib u te s  (M ah o n  e t a l., 1 9 7 1 )  a n d  th e  
io n ic  e n v iro n m e n t in f lu e n c e s  th e  c o lo r  
an d  h e a t  s ta b il i ty  o f  th e  h e m e  p ig m e n ts  
(S n y d e r  a n d  S k rd la n t, 1 9 6 6 ; S a tte r le e  
an d  Z ac h a ria , 1 9 7 2 ). P e rh ap s  a f te r  m e th 
o d s  a re  fo u n d  fo r  s ta b iliz in g  th e  e n tire  
fu n c tio n a l  p ro te in  c o m p le x , th e  o th e r  
p ro p e rt ie s  o f  th e  m e a t w ill b e  a lte re d  to  
su ch  a n  e x te n t  th a t  p ro cess  m o d if ic a t io n s  
w ill b e  n ece ssa ry  to  fu lly  u til iz e  th e  
p a s te u r iz e d  p ro d u c t .  T h ese  c o n s id e ra tio n s  
w a r re n t  f u r th e r  s tu d y .
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RELATION BETWEEN ISOMETRIC TENSION, POSTMORTEM pH DECLINE  
AND TENDERNESS OF POULTRY BREAST MEAT

INTRODUCTION

A L T H O U G H  R IG O R  c o n tra c t io n  has 
lo n g  b e e n  c o n s id e re d  to  in f lu e n c e  m e a t 
te n d e rn e s s  (B a te -S m ith , 1 9 4 8 ; W h itak er,
1 9 5 9 ), l i t t le  in fo rm a t io n  is av ailab le  on  
th e  re la tio n  b e tw e e n  th e se  tw o  fa c to rs . 
E arlie r e f fo r ts  to  re la te  te n d e rn e s s  w ith  
th e  s ta te  o f  c o n tr a c t io n  o f  m u sc le  b y  
m e a s u r i n g  e x te n s ib ili ty  o r  e la s tic ity  
(B a te -S m ith  a n d  B en d a ll, 1 9 5 6 ; D eF rem - 
e ry  a n d  P o o l, 1 9 6 0 ; M arsh , 1 9 5 4 ), w ere  
u n su c c ess fu l b e ca u se  le n g th  o r  e lastic  
ch an g es w ere  to o  sm all fo r  q u a n ti ta t iv e  
m e a su re m e n t (B u sch  e t  al. 1 9 7 2 ; Ju n g k  e t 
al., 1 9 6 7 ).

T h is p a p e r  d e sc rib e s  th e  re la tio n  b e 
tw e e n  iso m e tr ic  te n s io n , sh e a r  fo rce  an d  
p H  ch an g es d u rin g  p o s tm o r te m  ag ing  o f  
ch ic k en  p e c to ra lis  m a jo r  m u sc le . In  th is  
s tu d y , ch an g es in  iso m e tr ic  te n s io n  w ere  
u sed  as a m easu re  o f  r ig o r c o n tr a c t io n  
b ecau se  th e se  ch an g es c o rre sp o n d  to  th e  
tim e -co u rse  o f  r ig o r a n d  a re  m o re  sen si
tive  to  r ig o r  c o n tr a c t io n  th a n  are  le n g th  
ch an g es (G o ll e t  a l., 1 9 7 0 ). In  th e se  te s ts , 
m e a su re m e n ts  o f  rig o r te n s io n  a n d  sh e a r 
fo rc e  w ere  m ad e  o n  th e  sam e  sam p le . 
T h is p ro c e d u re  m in im iz e d  th e  e ffe c ts  
o f  sa m p le -to -sam p le  v a r ia b ili ty  a n d  p e r
m it te d  a d ire c t  c o m p a r iso n  b e tw e e n  th e se  
tw o  p a ra m e te rs .

EXPERIMENTAL

TESTS were made on pectoralis major muscles 
excised from 36 well-rested male chickens 
(Leghorn, pathogen free, live weight 1 .2 -2 .9  
kg) immediately after slaughtering and bleed
ing. Twenty-four o f these birds were adminis
tered sodium pentobarbital (35 mg/kg body 
weight) in the thigh muscles 15 min before 
slaughtering to obtain muscle tissue having a pH 
value and high-energy phosphate level com par
able to  . that in live muscle. The remaining 12 
birds were no t administered sodium pentobar
bital and were allowed to  undergo various de
grees o f struggle during slaughtering. This treat
ment has been shown to cause a greater than 
normal ante- or early m ortem  glycolysis and 
yield tough meat (Khan and Nakamura, 1970).

For tension measurements, two strips of 
muscle, each 1 cm square in cross section and 
about 6 cm in length were cut parallel to the 
fibers from adjacent location from each of the 
two pectoralis major from each bird. During 
cutting, care was taken to minimize structural 
damage. Both ends of the strip were tied with

surgical thread leaving approxim ately 5 cm of 
tissue between the ties. Isom etric tension meas
urements were made inside a jacketed glass 
vessel (length 120 mm, diam eter 25 mm) having 
a glass hook on the inside a t the bottom  to 
which one end of the sample was tied. The 
thread a t the other end of the sample was a t
tached to a transducer (Model FT 0.3, Grass 
Medical Instrum ents, Quincy, Mass.), connected 
via a strain-gage amplifier to a recorder. Each 
sample was preloaded initially to a tension of 
4g/cm 2 in order to maintain original conditions 
(Busch et al., 1972). Liquid was circulated in 
the jacket to maintain the desired tem perature. 
In these tests an aging tem perature o f 25° C was 
used because tension changes at tem peratures 
between 10°C and 25° C have been shown to be 
minimum and more uniform  than that occur
ring at 37°C or 2°C (Busch et al., 1972). Ten
sion measurements were started as soon as 
possible after the death o f the animal (1 5 -2 0  
min) and continued for up to 20 hr postm or
tem. All tests were made in duplicate using 
samples from adjacent location in the muscle.

Since surface dehydration, microbial growth 
and sample tem perature are difficult to control 
in muscle samples suspended in air, preliminary 
studies were made to select a liquid medium 
which would give results comparable to those 
obtained in air. The following media were 
tested:
(a) Air at high hum idity.
(b) Sodium chloride solution, 0.9% (w/v).
(c) Sodium chloride solution, 0.9% (w/v) + 50 

ppm tetracycline.

(d) Sodium chloride solution, 0.9% (w/v) + 1 
mM sodium azide.

(e) Sodium chloride solution, 2.5% (w/v) + 50 
ppm tetracycline.

(f) Sodium phosphate buffer, 0.2 M, pH 7.0.
(g) Potassium chloride-tris acetate-Mg Cl, -azide 

buffer, pH 7.0 (Busch e t al., 1972).
The pH of saline solutions were adjusted to
6 .9 -7 .0  with NaOH. Isotonic saline solution 
containing tetracycline as a bactericidal agent 
was selected as being the m ost suitable because 
this medium did not delay or speed up the on
set o f tension and gave results comparable to 
those carried out in air at high hum idity (Table 
1). This m edium  was used in all subsequent 
tests.

Measurements o f pH were made with a 
puncture combination pH electrode on samples 
similar to those used in isometric tension meas
urem ent and held under similar condition. In 
several cases pH m easurements were also made 
on the same samples used for tension measure
ments. These samples were removed during dif
ferent stages o f tension development, and 
minced for pH measurement.

For shear force measurements, samples were 
removed from the tension measuring apparatus 
after the desired length of time and cooked to 
an internal tem perature o f 8 2 -8 5 °C  as de
scribed earlier (Khan and Frey, 1971). These 
samples were clamped in a special mold de
signed  according to DeFremery and Pool
(1960) in order to reduce uncontrolled dis
tortion  of the muscle during cooking, then 
vacuum-packaged in plastic bags and cooked in

Table 1 —Effect of aging media on time required for development of 
isometric tension and on the extent of tension produced in poultry 
breast muscle3

Time postmortem (hr) Isometric tension (g/sample) 
Start of Full 20 hr

Medium tension tension Max postmortem
Air, high humidity 3 9 19.8 6.0
Saline, 0.9% 
Saline, 0.9% +

3 9 17.0 5.5

tetracycline 
Saline, 0.9% +

3 9 17.2 5.0

sodium azide 
Saline, 2.5% +

2 7 19.5 5.0

tetracycline 4 13 6.0 0.5
Tris-azide buffer 1 5 22.2 5.8
Phosphate buffer 1 6 25.2 9.0
3 V a lues are averages o f  th ree  birds.
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Fig. 7—Typical changes in isometric tension ( • )  
and p H  (o) o f breast muscle during 2 0  hr o f 
postmortem aging in 0.9% saline containing 
tetracycline.

Fig. 2 -R e la tio n  between m axim um  isometric tension developed during 
rigor and shear force o f  cooked muscle. (Samples were cooked after 20  
hr o f  aging, n =  36, r  =  0.97, significant a t 1% level.)

a boiling water bath. Strips 50 x  100 mm in 
cross section were cut and 6 - 8  measurements 
were made on each sample using a texture press 
system (Food Technology Corp.. Reston, Va.) 
equipped with a meat shear cell.

RESULTS & DISCUSSION

T Y P IC A L  C H A N G E S  in  p H  a n d  te n s io n  
d e v e lo p m e n t in  p o u l try  b re a s t  m u sc le  
sam p le s  ex c ised  fro m  so d iu m  p e n to b a r 
b i t a l - t r e a t e d  b ird s  im m e d ia te ly  a f te r  
d e a th  a re  sh o w n  in  F ig u re  1. M uscles 
f ro m  b o th  p e n to b a rb ita l- t re a te d  a n d  u n 
t r e a te d  b ird s  b eg an  to  d ev elo p  te n s io n  
w h e n  th e ir  p H  d ro p p e d  to  v a lu es b e tw e e n
6.1 an d  6 .3 , a n d  th e  te n s io n  c o n tin u e d  to  
in c rease  u n til  th e  p H  o f  th e  m uscle  
re a c h e d  its  u l t im a te  v a lu e  (p H  5 .5 —5 .8 ). 
A fte rw a rd s , th e  te n s io n  s ta r te d  to  de 
c lin e , w h ile  th e  p H  o f  th e  m u sc le  re
m a in e d  a p p ro x im a te ly  c o n s ta n t .  P o s t
m o r te m  tim e  a t  w h ic h  m u sc le  sam p les 
b eg an  to  d ev elo p  te n s io n  v a ried  b e tw e e n  
3 0  m in  an d  4  h r , a n d  th e  tim e  a t  w h ich  
th e y  a tta in e d  m a x im u m  te n s io n  v aried  
b e tw e e n  2 a n d  8 h r. M uscle w ith  low  
p o s ts la u g h te r  p H  v a lu es w e n t in to  rig o r 
so o n e r  a f te r  d e a th  th a n  m u sc le  w ith  h igh  
p o s ts la u g h te r  p H  v a lu es, a n d  g en era lly  
d e v e lo p ed  a h ig h e r  te n s io n . N o a t te m p t  
w as m ad e  a t  th is  s tag e  to  in v es tig a te  th is  
p h e n o m e n o n , h o w e v e r. S am p le s ex c ised  
fro m  a d ja c e n t  lo c a t io n s  in  a sing le  m u sc le  
h av in g  s im ila r  c ro ss  se c tio n  a n d  len g th  
v a ried  b y  ±8%  in  m a x im u m  te n s io n  and  
b y  ± 0 .5  h r  in tim e  a f te r  d e a th  a t  w h ich  
th e  te n s io n  d e v e lo p m e n t c o m m e n c e d  o r 
re a c h e d  a m a x im u m  value.

R e su lts  o f  e x p e r im e n ts  m ad e  to  d e te r 
m in e  (a )  th e  sh e a r fo rc e  o f  m e a t d u rin g  
te n s io n  rise  an d  d e c lin e , an d  (b )  th e  re la 

t io n  b e tw e e n  rig o r te n s io n  a n d  sh ea r 
fo rce  va lues a re  g iven in T ab le  2 and  
F ig u re  2. S am p les c o o k e d  a t th e  s ta r t  o f  
te n s io n  d e v e lo p m e n t gave th e  h ig h es t 
sh ea r fo rc e  va lues, b u t  as te n s io n  in 
c reased  sh e a r fo rce  g ra d u a lly  d ec reased  
an d  re ac h ed  a m in im u m  v a lu e  a b o u t  20  
h r  p o s tm o r te m . S h e a r fo rc e  o f  th e  m e a t 
w as lo w e r a t th e  tim e  o f  m ax im u m  te n 
s io n  th a n  a t th e  s ta r t  o f  te n s io n  d e v e lo p 
m e n t. T h e  e f fe c t o f  c o o k in g  m e a t d u rin g  
v a rio u s s tages o f  r ig o r o n  c o n tra c t i le  s ta te  
o f  m u sc le  is n o t  u n d e rs to o d , b u t  th e  
severe  sh o r te n in g  th a t  u su a lly  a c c o m 
p a n ie s  c o o k in g  d u rin g  rig o r (B u sch  e t  al.,
1 9 6 7 ) a p p ea rs  to  b e  m a x im u m  a t th e  
s ta r t  o f  rig o r r a th e r  th a n  a t  th e  h e ig h t o f  
rigo r. T h e  u l t im a te  sh ea r fo rce  o f  m e a t 
c o o k e d  2 0  h r  p o s tm o r te m  a p p e a r  to  be  
d ire c tly  p ro p o r t io n a l  to  th e  m a x im u m  
te n s io n  d e v e lo p ed  d u r in g  r ig o r (F ig . 2). 
T h ese  re su lts  w ere  s ig n if ic a n t a t  th e  1% 
level. N o  su c h  re la tio n  c o u ld  b e  d e m o n 
s tra te d  b e tw e e n  th e se  fa c to rs  d u rin g  th e  
p e r io d  o f  d e v e lo p m e n t o r  d e c lin e  o f  
te n s io n , h o w ev er.

i s o m e t r i c  t e n s i o n  m e a s u r e m e n ts  
sh o w ed  th a t  a f te r  th e  d e v e lo p m e n t o f  fu ll 
rig o r, th e  a b ility  o f  m u sc le  to  m a in ta in  
te n s io n  is lo s t. S im ila r p a t te rn  o f  te n s io n  
ch an g es h as  b e en  re p o r te d  fo r  b e e f , p o rk  
an d  ra b b it  m u sc le s  (B u sc h  e t  a l., 1 9 6 7 , 
1 9 7 2 ; Ju n g k  e t  ah , 1 9 6 7 ) . S in ce  sh e a r 
fo rce  d e p e n d e d  o n  m a x im u m  d eg ree  o f  
te n s io n  d e v e lo p ed  d u rin g  r ig o r a n d  n o t  
te n s io n  d ec lin e , th e  ch an g es d u rin g  d ev el
o p m e n t o f  te n s io n  a p p e a r  re la te d  to  th e  
c o n tra c t i le  s ta te  o f  th e  m u sc le  th a t  in f lu 
e n ce  te n d e rn ess . A lth o u g h  th e  lo ss o f  
a b ili ty  o f  m u sc le  to  m a in ta in  te n s io n  
o c c u rre d  d u rin g  th e  p e r io d  o f  te n d e r iz a -  
t io n , i t  d o es n o t  a p p e a r  to  reso lv e  c h an g es  
w h ich  o c c u r  d u r in g  th e  o n se t  o f  r ig o r a n d  
in f lu e n c e  te n d e rn e s s . S tu d ie s  m a d e  by  
m ea su rin g  e x te n s ib i l i ty  (B e n d a ll ,  1 9 6 0 ; 
M a r s h ,  1 9 5 4 )  a n d  sa rc o m e re  le n g th  
(L o c k e r , I9 6 0 )  h av e  a lso  in d ic a te d  th a t  
m u sc le  d o e s  n o t  reg a in  its  o rig in a l s ta te  
a f te r  rigor.

R e su lts  in d ic a te  th a t  m u sc le  s ta r te d  
to  d ev e lo p  rig o r te n s io n  w h e n  its  p H  
d ro p p e d  to  a v a lu e  b e tw e e n  6.1 a n d  6 .3 .

Table 2—Shear force of cooked breast meat during development and 
decline of isometric tension3

Postmortem condition (1)
Shear force (kg) 

(2) (3) (4)
At the start of tension development 4.1 6.5 6.6 4.5
At maximum tension 3.5 3.7 3.6 2.8
1 hr after maximum tension was reached 2.9 3.5 2.8 2.3
20 hr postmortem, tension near minimum 2.3 2.8 2.3 1.9
48 hr postmortem, minimum or no tension 2.3 2.7 2.4 2.0
a Results o f  fo u r  separate exp e rim e n ts  conducted  on fo u r  d if fe re n t  

occasions. Each va lue show n is the  average o f  tw o  samples.
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E arlie r s tu d ie s  o n  b e e f  (K h a n  a n d  L en tz , 
1 9 7 3 ) an d  p o u l try  (K h a n , 1 9 7 1 ; K h an  
a n d  N a k am u ra , 1 9 7 0 )  hav e  in d ic a te d  th a t  
p o s ts la u g h te r  p H  d ro p  to  th e se  o r  lo w e r 
th a n  th e se  va lues cau se  to u g h n ess . I t  
a p p ea rs  th a t  m u sc le  h av in g  p o s ts la u g h te r  
p H  o f  a b o u t  6 .3  o r  lo w e r  s ta r ts  to  d e 
v e lo p  r ig o r im m e d ia te ly  a f te r  s la u g h te r  
w h en  th e  carcass  te m p e ra tu re  is s till h igh . 
R ap id  o n se t o f  r ig o r a t  n e a r  b o d y  te m p e r 
a tu re  has b e e n  sh o w n  to  cau se  to u g h n e s s  
(N e w b o ld  a n d  H arris , 1 9 7 2 ).
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EFFECTS OF PRE-RIGOR TENSION ON TENDERNESS OF INTACT  
BOVINE AND OVINE MUSCLE

INTRODUCTION

IN  T H E  P A S T  D E C A D E  a g re a t d eal o f  
e f fo r t  has b e e n  p u t  f o r th  in  s tu d y in g  th e  
r e l a t i o n s h ip  b e tw e e n  th e  c o n tra c t io n  
s ta te  o f  a m u sc le  an d  its  te n d e rn e s s , sa r
c o m e re  le n g th  and  f ib e r d ia m e te r . L o ck e r 
(1 9 6 0 )  h a d  su g g ested  th a t  te n d e rn e s s  and  
m y o f ib r i l  s tr ia t io n  p a tte rn  d iffe re n ce s  
a m o n g  ox  m u sc les  o f  c o m p a ra b le  c o n n e c 
tive  tis su e  c o n te n t  m ig h t b e  e x p la in ed  by  
s tra in  im p o sed  o n  th e  in d iv id u a l m uscles 
in h an g in g  th e  carcass b e fo re  th e y  pass 
in to  rig o r m o rtis . T h is  a s su m p tio n  is su p 
p o r te d  b y  th e  w o rk  o f  H e rrin g  e t al. 
(1 9 6 5 a )  in  w h ich  h e  in v es tig a te d  th e  e f
fe c t o f  carcass  p o s it io n  a t th e  o n se t o f  
r ig o r m o rtis  o n  sa rco m e re  len g th s , f ib e r 
d ia m e te r s  an d  te n d e rn e s s  o f  se lec ted  
m uscles o f  th e  b o v in e  carcass. R esu lts  
fro m  th e  12 m u sc les  s tu d ie d  revea led  th a t  
fo r  e ach  in d iv id u a l m u sc le , g en era lly , sa r
c o m e re s  w ere  lo n g er, f ib e r d ia m e te rs  
sm alle r a n d  te n d e rn e s s  g re a te r  in  th e  
o r ie n ta t io n  p ro d u c in g  th e  g re a te s t  te n s io n  
on  th a t  m uscle . S ince  carcasses are n o r 
m ally  v e rtic a lly  su sp e n d e d  by  a h in d  
sh a n k  fo llo w in g  s la u g h te r , i t  w o u ld  a p 
p e a r th a t  th e re  is c o n s id e ra b le  p o te n tia l

1 P r e s e n t  a d d r e s s :  D e p t ,  o f  M e a t  &  A n i m a l  
S c ie n c e ,  U n i v e r s i t y  o f  W i s c o n s in ,  M a d i s o n ,  W I  

53706

p re se n t fo r  im p ro v e m e n t o f  th e  te n d e r 
ness o f  th e  lo n g issim u s m uscle .

E arly  w o rk  c a rried  o u t  by  H errin g  e t 
al. (1 9 6 5 b ) ,  B uck  an d  B lack  (1 9 6 7 ) ,  H er
ring  e t  al. (1 9 6 7 )  an d  G illis a n d  H en rick - 
son  (1 9 6 9 )  o n  th e  re la tio n s h ip  b e tw e e n  
t h e  p o s tm o r te m  c o n tra c t io n  s ta te  o f  
m u sc le  an d  m u sc le  te n d e rn e s s  in vo lved  
th e  use  o f  p re -rig o r ex c ised  m u sc les  o r  
m u sc le  s trip s . H o w ev er, H o s te t le r  e t al. 
(1 9 7 0 ;  1 9 7 3 ) re p o r te d  s ig n ific a n t te n d e r 
ness im p ro v e m e n t in  th e  in ta c t  b o v in e  
carcass by  su p p o r t in g  th e  carcass  b y  th e  
o b tu r a to r  fo ra m e n . S im ila r f in d in g s  fo r  
lam b  carcasses w e re  a lso  re p o r te d  by  
Q u a rr ie r  e t  al. (1 9 7 2 ) .  S m ith  e t al. (1 9 7 1 )  
a lso re p o r te d  s ig n ific a n t te n d e rn e s s  im 
p ro v e m e n t in  th e  in ta c t  b o v in e  carcass by  
a lte rin g  ch illin g  p ro c e d u re s  o r  carcass 
su sp en s io n , o r  by  d is ru p tin g  sk e le ta l a t 
ta c h m e n ts  to  th e  carcass. T h e  e f fe c t o f  
sk e le ta l re s t ra in t  a n d  tim e  d e la y  b e fo re  
freez in g  o n  te n d e rn e s s  o f  v a rio u s  lam b  
m u sc les  w as re p o r te d  b y  M arsh  e t  al.
(1 9 6 8 )  an d  M cC rae e t al. (1 9 7 1 ) . O th e r  
m e th o d s  fo r  im p ro v in g  te n d e rn e s s  o f  
m a jo r m u sc les  o f  in ta c t  carcasses w ere  d e 
sc rib ed  b y  S to u f fe r  e t  al. (1 9 7 1 ) .

T h e  o b jec tiv e  o f  th is  s tu d y  w as to  in 
v es tig a te  m e th o d s  o f  a p p ly in g  p re -rig o r 
te n s io n  fo r  in c re as in g  th e  te n d e rn e s s  o f  
lo n g issim u s m u sc le  o f  b o v in e  an d  ov ine 
carcasses a f te r  v a rio u s  p o s tm o r te m  aging

p e rio d s . M e th o d s  to  te n s io n  th e  lo n g issi
m u s m u sc le  o f  c o n v e n tio n a lly  su sp e n d e d  
carcasses in c lu d e d  sev erin g  o f  v e r te b ra  
and  a p p ly in g  w e ig h ts  o r  m e c h a n ic a l fo rce  
a n d  m e c h an ic a l fo rc e  w ith o u t  severing . 
T h e  e f fe c ts  o f  th e se  t r e a tm e n ts  o n  sh ea r 
fo rc e  v a lues, f ib e r  d ia m e te rs  a n d  s a rc o 
m ere  le n g th s  w ere  o b se rv ed .

MATERIALS & METHODS

31 LAMBS and seven beef carcasses were uti
lized in the four experiments of this study. A 
description of the carcasses and treatm ents is 
presented in Table 1. 12 lambs were used in 
each of experiments 1 and 2, while seven lambs 
were used in experim ent 3 and seven beef ani
mals in experiment 4. The lambs ranged in live 
weight from 3 5 .8 -4 7 .2  kg, and graded average 
good to high choice. The beef animals ranged in 
live weight from 3 4 7 .9 -4 8 6 .3  kg, and graded 
standard to high choice. Upon com pletion of 
the slaughtering process in the Meat Labora
tory, Cornell University, both beef and lamb 
carcasses were split vertically through the back
bone and suspended by the hind shank.

In all experiments one side o f a carcass was 
randomly selected to be treated with pre-rigor 
tension while the opposite side was held as a 
nontensioned control. The development o f ten 
sion pre-rigor in the longissimus muscle o f 
the experimental animals was accomplished 
through weighted or mechanical techniques. 
The 12 sides to be tensioned in experim ent 1 
were randomly and equally allotted to one o f 3

Table 1—Description of carcasses and treatments

Experiment Species
No. of 

carcasses
Aging

periods
Samples

Tenderness Histological
Tension

Method Level
Vertebra

status

1 Ovine 4 48,a 120, 240 Rib Loin Rib Loin Weighted 4.5b Severed
4 48, 120, 240 Rib Loin Rib Loin Weighted 9.0 Severed
4 48, 120, 240 Rib Loin Rib Loin Weighted 13.5 Severed

2 Ovine 4 48, 120, 240 Rib Loin Rib Loin Mechanical 5C Severed
4 48, 120, 240 Rib Loin Rib Loin Mechanical 10 Severed
4 48, 120, 240 Rib Loin Rib Loin Mechanical 15 Severed

3 Ovine 7 48, 168 Rib Loin - Mechanical 12.6C Intact
4 Bovine 4 48, 168 Rib Loin — Mechanical 11.4C Severed

3 48, 168 Rib Loin - Mechanical 11.4 Intact
a H ours p o s tm o rte m  a t 2°C  be fo re  sam pling 
b W e ig h t load in kg 
c Percen t s tre tch
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weighted tensioning treatm ents. A weight load 
of either 4.5, 9.0 or 13.5 kg was attached to  the 
carcass by means of either an s-type hook or a 
bacon hanger which penetrated the longissimus 
muscle at the level of the sixth thoracic verte
bra. Length measurements betw een last lumbar 
and sixth thoracic vertebrae along the back-line 
revealed th a t the three weighted treatm ents 
stretched this section o f the vertebral column 
an average of 10.7%, 14.0% and 17.7%, respec
tively.

In experiment 2, 12 lamb carcass sides were 
randomly and equally allotted to one o f three 
m echanical stretching treatm ents. After an 
initial length measurement, the tensioned side 
was stretched either 5%, 10% or 15% of its ini
tial length. The initial and final length was the 
distance between the ends o f the tensioning 
device. The mechanical device employed to  
achieve the desired stretching consisted of two 
flat aluminum strips, 0.6 cm thick by 3.7 cm 
wide, which slid easily over one another. A set 
of stainless steel needles was obliquely attached 
to opposite ends o f  each strip which served to 
anchor each end o f the tensioning device firmly 
in muscle tissue. By applying m anual force 
through a removable lever device the metal 
strips were forced to slide in opposite direc
tions, thereby stretching the muscle. When the 
desired degree of stretch was attained, the strips 
were locked securely in place by tightening the 
two wing nuts present on the bolts o f  the un
derlying strip. Tensioning devices were inserted 
into the lamb longissimus muscle from its dor
sal surface with one set o f needles implanted 
anteriorly at the sixth thoracic vertebra while 
the needles o f the opposite end anchored pos
teriorly near the anterior tip  o f the ilium.

To facilitate stretching of the longissimus 
muscle, the tensioned sides o f experiments 1 
and 2 had the body and spinous process of each 
vertebra severed beginning with the ninth tho
racic and continuing consecutively posterior to 
the last lumbar vertebra. A small degree o f sev
ering o f the fascia and tendons overlying the 
dorsal surface of the longissimus muscle was 
also carried out.

Experim ent 3 consisted of mechanically 
tensioning the longissimus muscle with no dis
ruption o f  the vertebral column. No specific 
tension was obtained, but rather as much 
stretch as could be com fortably applied with
out undue force. Measurements revealed that 
stretching ranged from 8 .9-15 .6% , with a mean 
stretch of 12.6%.

Beef carcass sides in experim ent 4 were simi
larly stretched by mechanical means to a com
fortable maximum as in experiment 3. The 
tensioning devices used on the beef carcasses 
were similar to those described for lamb car
casses, bu t with longer needles and a greater 
overall length. In the beef carcasses the anterior 
area o f insertion was the eighth thoracic verte
bra and the posterior area o f insertion was near 
the anterior point o f the ilium. Stretching of 
the tensioned sides ranged form 8 .7-15 .7% , 
with a mean value of 11.4%. Four o f  the ten
sioned sides had their vertebrae severed in a 
manner identical to the lamb treatm ents of 
experiments 1 and 2. This was observed to have 
little effect on the extent to which the vertebral 
column could be stretched, and consequently 
all carcasses were regarded as belonging to  the 
same treatm ent group.

After tension treatm ents were applied, all 
carcasses were placed in a cooler at 2°C within 
6 0 -1 2 0  min postm ortem  and stored until sam
ples were removed. Mechanical and weighted

Fig. 1—Location o f samples used for tenderness 
and histological studies. Numbers refer to hours 
postmortem a t sampling.

treatm ents were normally removed from the 
tensioned sides approxim ately 24 hr postm or
tem. In the interval 2 4 -4 8  hr postm ortem , a 
section of rib and loin from the ninth thoracic 
to the next-to-last lumbar vertebra was re
moved. Samples were taken off o f the ends o f 
this section after the appropriate length of post
m ortem  storage for tenderness and histological 
determinations. Tenderness samples were chops
3.2 cm thick, while histological samples were 
0.7 cm slices. Figure 1 illustrates the section 
removed and location of subsequent samples. 
Between samplings, the rib and loin section was 
stored a t 2°C in impermeable Cry-O-Vac bags. 
Each histological sample had a small, equal 
sized strip o f tissue removed from its lateral, 
medial and dorsal regions. These were fixed in 
10% phosphate buffered formalin (pH 6 .9 -7 .1 )  
and stored at 4°C until histological determ ina
tions could be carried out.

In experiments 1 and 2, tenderness samples 
were removed from the muscle segments at 48, 
120 and 240 hr postm ortem , while histological 
samples were removed at 48 and 240 hr only. 
In experim ent 3, tenderness samples were ob
tained at 48 and 168 hr, bu t no histological 
samples were taken.

In experiment 4, sections o f bovine longissi- 
mus with its accompanying vertebrae were ex

cised from the rib (ninth and tenth  thoracic) 
and the loin (third and fourth lumbar) regions 
o f  tensioned and nontensioned carcass sides at 
48 hr postm ortem . Tenderness sample steaks
3.8 cm thick were removed from the excised 
sections at 48 and 168 hr postm ortem . Between 
sampling periods, the rib and loin sections were 
stored at 2°C, w ith the exposed cut surface of 
the muscle covered with saran.

Chops or steaks were cooked by deep-fat 
frying in ho t beef tallow (135°C), with internal 
tem peratures m onitored by means of therm o
couples on a Honeywell-Brown Type 602 Re
cording Therm om eter. The ovine tenderness 
samples were removed from the ho t fat when 
they reached an internal tem perature o f 60° C, 
while bovine samples were removed when they 
had attained an internal tem perature o f 57° C. 
Subsequent to removal from the ho t fat, the 
internal tem perature increased to 70°C which 
was the desired end point. Following cooking, 
all samples were allowed to  equilibrate for 4 - 8  
hr in a 4°C cooler before being evaluated for 
tenderness on a Warner-Bratzler shear device. A 
1.27-cm diam core was removed from the dor
sal, medial and lateral positions o f each ovine 
sample. Two 1.27-cm diam cores were removed 
from the dorsal, medial and lateral positions of 
each bovine sample. Each core was sheared 
across the grain three times, thus yielding 9 and 
18 shear values for ovine and bovine tenderness 
samples, respectively.

Fiber diameters were determined for all 48 
hr samples of experiments 1 and 2. The tissue 
to be examined was homogenized with 150 ml 
of cold distilled water a t low speed in a Waring 
Blendor (blades reversed) in a 4°C  cooler for 45 
sec to dislodge the muscle fibers. The solution 
of suspended fibers was placed in two petri 
dishes, which were subsequently examined 
under an A.O. Spencer binocular microscope. 
Following a prearranged course in each petri 
dish, the diameters o f 25 fibers were measured 
with a filar eyepiece m icrom eter a t lOOx.

Sarcomere lengths were determ ined for all 
48 and 240 hr postm ortem  samples o f experi
ments 1 and 2. The tissue was prepared for 
exam ination in a similar m anner as described 
above for fiber diam eter measurements, except 
the solution was hom ogenized for 30 min to 
dislodge the m yofibrils from the muscle fibers. 
Suspended myofibrils were placed on two glass 
slides and examined on a Unitron inverted 
phase contrast m icroscope equipped with an 
ocular m icrom eter. The length of a 10 sarco
mere section was measured on each o f 20 m yo
fibrils per slide a t 1500x. At the same time as 
sarcomeres were measured, Z lines were also 
subjectively evaluated in tensioned and non
tensioned rib samples at 48 and 240 hr post
m ortem  for nine carcasses in experiments 1 and
2. A Z line was credited as being visible if it 
could be discerned with m oderate ease. If Z 
lines were no t present or very difficult to dis
tinguish, they were recorded as not visible.

The effects o f the various factors on fiber 
diam eter, sarcomere length and shear force o f 
muscle were evaluated by an analysis o f  vari
ance and F-test. Means and standard deviations 
were com puted for each o f  the variables stud
ied. In certain instances, mean squares and 
denom inator degrees o f freedom  for tests were 
synthesized following the procedure o f Satter- 
thwaite (1946). Simple linear correlation co
efficients were calculated betw een fiber diam
eter, sarcomere length and Warner-Bratzler 
shear force, and tested for significance accord
ing to Steel and Torrie (1960).



398-JOURNAL OF FOOD SCIENCE-Volume 39 (1974)

Table 2—Means, standard deviations and percent decrease in shear force

Tension method

Experiment 1 
Ovine 

Weighted

Experiment 2 
Ovine 

Mechanical

Experiment 3 
Ovine 

Mechanical

Experiment 4 
Bovine 

Mechanical

Tension-level 4.5a 9.0 13.5 5b 10 15 12.6b 11.4b
Nontensioned 4.84c 4.90 4.62 4.88 4.27 4.66 5.01 4.74

(1.54)'B (1.22) (1.21) (1.27) (1.34) (1.20) (1.54) (1.19)
Tensioned 3.58 3.44 3.20 3.56 3.28 3.61 3.32 3.87

Decrease in
(0.92) (0.86) (0.75) (0.69) (0.77) (0.98) (0.65) (0.63)

Shear Force (%)d 26,0 29.8 30.7 27.0 23.2 22.5 33.7 18.4
a W e ig h t load in kg 
b Percent s tre tch 
c Shear fo rc e  in  kg
d Percen t decrease com puted  as c o n tro l m in u s  trea ted  d iv ided bv c o n tro l 
e S tandard  d e v ia tio n  in parenthesis

Table 3—Comparison of means, standard deviations and percent decrease in shear force by location and level of tension

Experiment Species Method
Tension

level

Rib Loin
Nonten
sioned Tensioned

Decrease in 
shear force (%)

Nonten
sioned Tensioned

Decrease in 
shear force (%)

1 Ovine Weighted 4.5a 5.23c 3.45 34.0e 4.45 3.71 16.8e
(1.55)d (0.97) (1.41) (0.85)

9.0 4.92 3.48 29.3 4.83 3.40 30.3
(1.22) (0.97) (1.23) (0.73)

13.5 4.76 3.22 32.4 4.43 3.18 29.0
(1.47) (1.47) (0.85) (0.78)

2 Ovine Mechanical 5b 5.54 3.76 32.1 4.22 3.36 20.4
(1.34) (0.72) (0.74) (0.60)

10 4.48 3.36 25.0 4.06 3.21 20.9
(1.57) (0.81) (1.01) (0.73)

15 5.27 3.84 27.1 4.06 3.33 18.0
(1.31) (1.14) (0.64) (0.70)

3 Ovine Mechanical 12.6b 5.76 3.30 42.7 4.26 3.33 21.8
(1.64) (0.64) (0.95) (0.66)

4 Bovine Mechanical 11.4b 4.23 3.56 15.8 5.26 4.18 20.5
(0.74) (0.35) (1.34) (0.74)

a W eight load in kg 
b Percent s tre tch  
c Shear fo rc e  in kg 
d S tandard d e v ia tio n  in parenthesis
e Percent decrease com puted  as c o n tro l m inus trea ted  d iv ided by c o n tro l

RESULTS & DISCUSSION

M E A N S, s ta n d a rd  d e v ia tio n s  an d  p e rc e n t 
d ec rease  in  sh e a r fo rce  va lues a re  p re 
se n te d  in  T ab le  2. T h e  a p p lic a t io n  o f  p re 
rig o r te n s io n  to  th e  in ta c t  lo n g issim u s 
m u sc le  in  carcasses s ig n if ic a n tly  re d u ce d  
sh ea r va lues in e x p e r im e n ts  1 a n d  2 (P  <  
0 .0 0 1 )  a n d  in  e x p e r im e n ts  3 an d  4  (P  <  
0 .0 1 ). T h ese  f in d in g s  a re  in  g en era l ag ree 
m e n t w ith  th o se  o f  Q u a rr ie r  e t  al. (1 9 7 2 )  
a n d  H o s te t le r  e t  al. (1 9 7 2 )  w h e re  car
casses w ere  su sp e n d e d  fro m  th e  o b tu r a to r  
fo ra m e n . N o s ig n if ic a n t d iffe re n c e s  in 
sh e a r  fo rc e  w ere  fo u n d  a m o n g  th e  th re e  
te n s io n  levels d e sc rib e d  fo r  e x p e r im e n ts  1 
a n d  2. In  b o th  cases, th e  lo w e s t level o f  
te n s io n  w as as e ffe c tiv e  in  re d u c in g  sh ear 
va lues as th e  in te rm e d ia te  a n d  h ig h es t

te n s io n  levels. T h is f in d in g  agrees w ith  
th e  in  v i tro  s tu d ie s  o f  M arsh an d  L eet
(1 9 6 6 ) ,  H errin g  e t  al. (1 9 6 7 )  a n d  G illis 
an d  H e n rick so n  (1 9 6 9 )  o n  b o v in e  m u sc le  
w h ich  d e m o n s tra te d  th a t  a level ex is ts  in 
s tre tc h in g , b e y o n d  w h ich  l i t t le  o r  n o  d e 
crease  in sh e a r  va lues ta k e s  p lace.

T h e  m ec h an ic a l a p p lic a tio n  o f  a n o n 
sp ec ific , m o d e ra te  a m o u n t o f  te n s io n  
w ith o u t  d is ru p tio n  o f  th e  v e r te b ra l c o l
u m n  in e x p e r im e n t 3 , p ro d u c e d  sh ea r 
v a lu es c o m p a ra b le  to  th o se  fo u n d  in  th e  
th re e  te n s io n  levels o f  e x p e r im e n ts  1 and
2. T h e re fo re  i t  is c o n c lu d e d  in  th is  s tu d y  
th a t  a sm all a m o u n t o f  te n s io n  ap p lie d  to  
p re -rig o r in ta c t  m u sc le  is c ap a b le  o f  p ro 
d u c in g  m a rk e d  im p ro v e m e n t in  te n d e r 
ness. T h e re  a lso  w as n o  ad v an tag e  in  sev
erin g  th e  v e r te b ra  o r  th e  fascia  an d

te n d o n s  o v e rly in g  th e  lo n g issim u s m u sc le  
w h ich  ag rees w ith  th e  f in d in g s  o f  S m ith  
e t al. (1 9 7 1 ) . T h e  d ec re a se  in sh e a r  fo rce  
o f  b e e f  lo n g iss im u s in  e x p e r im e n t 4  w as 
n o t  as e ffe c tiv e  as s im ila rly  te n s io n e d  
lam b  in  e x p e r im e n t 3 ( 1 8 .4  vs. 3 3 .7 % ).

T h e  e ffe c t o f  p re -rig o r te n s io n  on  
sh e a r va lues o f  lo n g issim u s m u sc le  w as 
n o t  u n ifo rm  a t all m u sc le  lo c a tio n s  as il
lu s tra te d  in  T ab le  3. T e n d e rn e s s  d i f f e r 
en ces b e tw e e n  th e  rib  a n d  lo in  re g io n s  o f  
th e  ov in e  lo n g issim u s m u sc le  w ere  n o n 
s ig n ific a n t in  e x p e r im e n t 1, v e ry  h ig h ly  
s ig n ific a n t in  e x p e r im e n t 2 (P  <  0 .0 0 1 ) ,  
an d  s ig n if ic a n t in e x p e r im e n t 3 (P  <  
0 .0 5 ) . D iffe re n c es  b e tw e e n  rib  a n d  lo in  
reg ions o f  th e  b o v in e  lo n g is s im u s m u sc le  
in e x p e r im e n t 4 w ere  s ig n if ic a n t (P  <  
0 .0 5 ) . T h e  in te ra c t io n  b e tw e e n  lo c a t io n
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an d  tr e a tm e n t  w as v ery  h ig h ly  s ig n ific a n t 
(P  <  0 .0 0 1 )  in e x p e r im e n ts  1 an d  2, sig
n if ic a n t (P  <  0 .0 5 )  in e x p e r im e n t 3 and  
n o n s ig n if ic a n t in  e x p e r im e n t 4 . T h is  in 
te ra c t io n  re su lte d  b e ca u se  th e  te n s io n  
t r e a tm e n t  in  ov ine  m u sc le  w as n o t  e q u a l
ly e ffe c tiv e  in  d ec re a s in g  sh e a r fo rce  a t 
b o th  p o sitio n s . S h e a r fo rce  w as g e n era lly  
re d u c e d  m o re  in  th e  rib  th a n  in  th e  lo in . 
In b o v in e  m u sc le , sh ea r fo rce  w as d e 
creased  m o re  in  th e  lo in  th a n  in  th e  rib , 
b u t  th e  d iffe re n c e  w as n o t  as g re a t as in 
th e  ov ine  m u sc le . A lso  in e x p e r im e n ts  1 
an d  2 th e re  w as a v ery  h ig h ly  s ig n ific a n t 
(P  <  0 .0 0 1 )  in te ra c t io n  b e tw e e n  t r e a t 
m e n t, level o f  te n s io n  a n d  m u sc le  lo c a 
tio n . A t re n d  e x is ted  in th e  ov ine  rib  in 
w h ich  th e  d ecrease  in sh e a r fo rce  d ec lin ed  
as th e  level o f  te n s io n  e m p lo y e d  in 
c reased . T h is  t re n d  w as m u c h  less p ro 
n o u n c e d  in  th e  ov ine  lo in  sam p le .

P o s tm o r te m  aging h a d  a v e ry  h ig h ly  
s ig n ific a n t e f fe c t (P  <  0 .0 0 1 )  o n  sh e a r 
fo rce  va lues o f  rib  an d  lo in  in  e x p e r i
m en ts  1 a n d  2 an d  h ig h ly  s ig n ific a n t ef
fe c ts  (P  <  0 .0 1 )  in  e x p e r im e n ts  3 an d  4. 
T h ese  e ffe c ts  are  i llu s tra te d  in  F ig u re s  2 
and  3. T h e  im p ro v e m e n t in  te n d e rn e s s  
w ith  aging w as p a ra lle l b e tw e e n  te n s io n e d  
and  n o n te n s io n e d  sa m p le s  in  e ach  e x 
p e r im e n t. T h e  p a tte rn  o f  p o s tm o r te m  
ch an g es is in  a g re e m e n t w ith  G o ll e t  al.
(1 9 6 4 )  an d  S m ith  e t  al. (1 9 7 1 ) . T h e  te n 
d e rn ess  o f  th e  te n s io n e d  sam p les a t 4 8  h r  
p o s tm o r te m  w as e q u a l to  th a t  o f  th e  c o n 
tro l sam p le s a f te r  1 6 8 —2 4 0  h r  o f  aging. 
T h e  in te ra c t io n  b e tw e e n  ag ing  p e r io d  an d  
m u sc le  lo c a tio n  w as h ig h ly  s ig n if ic a n t (P  
<  0 .0 1 )  in  e x p e r im e n ts  1, 2 a n d  3 an d  
s ig n ific a n t (P  <  0 .0 5 )  in  e x p e r im e n t 4. 
T h e re  w as a lso  s ig n ific a n t in te ra c t io n s  o f  
aging, a n im a l an d  t r e a tm e n t  in  e x p e r i
m e n ts  1, 2 a n d  3. A lso  in  e x p e r im e n ts  1 
and  2 th e re  w ere  s ig n ific a n t in te ra c t io n s  
b e tw e e n  aging, lo c a t io n  an d  t r e a tm e n t.

P re -rig o r te n s io n  h ad  th e  e f fe c t o f  
re d u c in g  large  v a riab le  sh e a r  v a lu es to  
lo w e r va lues h av in g  m u ch  less v a ria b ility . 
L east te n d e r  sam p le s d e riv ed  th e  m o s t 
im p ro v e m e n t f ro m  te n s io n in g . H ow ever, 
re la tiv e ly  te n d e r  sam p le s a lso  e x h ib ite d  
vary in g  a m o u n ts  o f  im p ro v e m e n t. T e n 
s io n in g  a p p ea rs  to  re d u c e  sh e a r  fo rc e  to  a 
base-line  ran g e  w h ich  is o n ly  s lig h tly  re 
la te d  to  th e  in h e re n t  te n d e rn e s s  o f  th e  
c o n tra la te ra l  n o n te n s io n e d  sam p le . B elow  
th is  b ase -ran g e , fa c to rs  o th e r  th a n  c o n 
t r a c t io n  s ta te  m u s t e x e r t  th e ir  in f lu e n c e  
o n  sh e a r fo rce .

T h e  a p p lic a tio n  o f  p re -rig o r te n s io n  
w as fo u n d  to  have  a v e ry  h ig h ly  s ig n if
ica n t e ffe c t (P  <  0 .0 0 1 )  o n  th e  f ib e r 
d ia m e te r  o f  4 8  h r p o s tm o r te m  ov in e  
lo ng issim us m u sc le . M eans a n d  s ta n d a rd  
d e v ia tio n s  o f  f ib e r d ia m e te rs  are  illu s
t ra te d  in T ab le  4 . T h ese  f in d in g s  a re  in 
a g ree m e n t w ith  th o se  o f  H e rrin g  e t  al. 
(1 9 6 5 a ). T h ere  w as n o  s ig n if ic a n t d if fe r 
en ce  in m ean  f ib e r d ia m e te r  b e tw e e n  
th e  te n s io n  levels o f  th e  w e ig h te d  an d

m ec h an ic a l t r e a tm e n ts  a lth o u g h  n o n te n 
s io n e d  va lues w ere  q u ite  s im ila r an d  th e  
te n s io n e d  va lues v a ried  m a rk e d ly . M e
ch an ica l te n s io n in g  a p p e a re d  c ap a b le  o f 
re d u c in g  f ib e r  d ia m e te r  to  a g re a te r  e x 
te n t  th a n  th e  w e ig h ted  t r e a tm e n t.  T h e  
re aso n  fo r  th e  d issim ila r p a tte rn s  b e tw e e n  
re sp o n ses  o f  th e  tw o  te n s io n in g  m e th o d s

is n o t  k n o w n , b u t  it m ay  be  c o n c e rn e d  
w ith  th e  d iffe re n c e s  in  th e  w ay  th e  tw o  
m e th o d s  e x e r t  te n s io n  on  th e  m uscle .

F ib e r  d ia m e te rs  in  rib  a n d  lo in  reg ions 
o f  ov in e  lo n g issim u s m u sc le  w ere  n o t  
fo u n d  to  b e  s ig n if ic a n tly  d if fe re n t  in 
e x p e r im e n ts  1 a n d  2. S ince  f ib e r  d ia m e te r  
h as b e en  sh o w n  to  b e  h ig h ly  c o rre la te d  to

F i g .  2 — E f f e c t s  o f  t e n s i o n ,  m u s c l e  l o c a t i o n  a n d  p o s t m o r t e m  a g i n g  o n  

s h e a r  f o r c e  v a l u e s  i n  e x p e r i m e n t s  1 a n d  2 .

Fig. 3 —Effects o f tension, muscle location and postmortem aging on 
shear force values in experiments 3  and 4.
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sh e a r  fo rc e , it is su rp ris in g  th a t  f ib e r 
d ia m e te r  d id  n o t  vary  b e tw e e n  th e  rib  
a n d  lo in  reg io n s o f  e x p e r im e n t 2 as v ery  
h ig h ly  s ig n ific a n t sh e a r fo rce  d iffe re n ce s  
w ere  d e te c te d  b e tw e e n  th e se  lo ca tio n s . 
E v id e n tly  fa c to rs  o th e r  th a n  f ib e r d ia m 
e te r  w ere  re sp o n s ib le  fo r  th e  o b se rv ed  
d iffe ren ces .

S a rc o m e re  len g th s  o f  ov ine  m uscle  
w ere  o b se rv ed  to  be v e ry  h ig h ly  sign ifi

c a n tly  a f fe c te d  (P  <  0 .0 0 1 )  b y  te n s io n in g  
th e  m u sc le  p re -rig o r. T h ese  re su lts  a re  in 
a g re e m e n t w ith  o th e r  w o rk e rs , E is e n h u t 
e t  ai. (1 9 6 5 ) ,  H e rrin g  e t  al. (1 9 6 5 a ) ,  
H o s te t le r  e t al. (1 9 7 0 ;  1 9 7 2 ) an d  Q u a rr ie r  
e t al. (1 9 7 2 ) . H ow ever, n o  d iffe re n ce s  
c o u ld  be  d e te c te d  a m o n g  th e  te n s io n  lev
els o f  e ith e r  th e  w e ig h ted  o r  m ec h an ic a l 
t r e a tm e n ts .  T ab le  5 d e m o n s tra te s  th a t  
sa rco m e res  w ere  le n g th e n e d  a p p re c ia b ly

w h e n  e x p o se d  to  th e  lo w e s t te n s io n  level 
o f  each  t r e a tm e n t,  b u t  w ere  n o t  s ig n ifi
c a n tly  a ffe c te d  b e y o n d  th a t  p o in t.

S a rc o m e re  len g th s  w e re  fo u n d  to  d if
fe r  s ig n if ic a n tly  (P  <  0 .0 5 )  b e tw e e n  rib  
an d  lo in  reg io n  in  e x p e r im e n t 2, b u t  n o t  
e x p e r im e n t 1. T ab le  5 revea ls t h a t  sa r
co m e res  a re  lo n g e r  in  th e  lo in  th a n  in  th e  
rib  re g io n  fo r  b o th  e x p e r im e n ts  1 a n d  2. 
T he lac k  o f  s ig n ifican ce  in  e x p e r im e n t  1 
ap p ea rs  m ain ly  d u e  to  th e  fa c t t h a t  rib  
and  lo in  d iffe re n c e s  o f  te n s io n e d  sa m p le s  
varied  in  a d ire c tio n  o p p o s ite  to  t h a t  o b 
serv ed  in  th e  n o n te n s io n e d  sam p les.

T h e  in te ra c t io n s  o f  w e ig h te d  t r e a t 
m e n t w ith  m u sc le  lo c a tio n  a n d  m e c h a n i
cal t r e a tm e n t  w ith  m u sc le  lo c a tio n  w ere  
b o th  very' h ig h ly  s ig n if ic a n t (P  <  0 .0 0 1 ) . 
I t  c an  b e  seen  fro m  T ab le  5 t h a t  p re -rig o r 
cen sio n  p ro d u c e d  la rg e r in c reases  in  sa r
c o m e re  le n g th  in th e  rib  th a n  in  th e  lo in  
re g io n . R ib  sa rco m e res  w e re  in itia lly  
sh o r te r  th a n  sa rco m e res  in th e  lo in  re 
g ion , b u t  fo llo w in g  te n s io n  t r e a tm e n t  n o  
s ig n ifican t d if fe re n c e  w as n o te d  b e tw e e n  
th e m .

S a rc o m e re  le n g th s  w e re  n o t  g re a tly  
a ffe c te d  b y  p o s tm o r te m  s to ra g e  u p  to  
2 4 0  h r. In  m o s t cases o n ly  m in o r  in 
creases o r  d ec reases  in  sa rc o m e re  le n g th  
w ere  o b se rv ed  d u rin g  p o s tm o r te m  aging. 
H ow ever, te n s io n e d  r ib  sa m p le s  o f  e x 
p e r im e n t 1 an d  te n s io n e d  an d  n o n te n 
s io n ed  lo in  sam p le s  o f  e x p e r im e n t 2 
d isp lay e d  s u b s ta n tia l  sh o r te n in g  o f  sa r
c o m e res  w ith  aging. T h e  in c o n s is te n t  
re sp o n se  o f  th e  sa rco m e res  o f  th e  rib  an d  
lo in  lo c a tio n s  to  ag ing  w as re f le c te d  in  
s ig n ific a n t (P  <  0 .0 5 )  ag ing  a n d  lo c a tio n  
in te ra c t io n s  in b o th  e x p e r im e n ts  1 a n d  2.

S im p le  c o r re la t io n  c o e ff ic ie n ts  b e 
tw e e n  f ib e r  d ia m e te r , sh e a r  fo rc e  a n d  
sa rco m e re  le n g th  a t  4 8  h r  p o s tm o r te m  fo r  
e x p e r im e n ts  1 a n d  2 a re  given in  T ab le  6. 
T he c o rre la t io n s  w ere  in  g e n e ra l ag ree 
m e n t b u t  s lig h tly  lo w e r th a n  re p o r te d  b y  
H errin g  e t  al. (1 9 6 5 a )  an d  Q u a rr ie r  e t  al.
(1 9 7 2 ) .

M eans o f  th e  p e rc e n t  v isib le  Z lin es fo r  
th e  te n s io n  a n d  ag ing  c o m b in a tio n s  are

Table 6—Correlation coefficients between 
fiber diameter, sarcomere length and shear 
value at 48 hr postmortem

Variables
Correlation coefficient 

Exp 1 Exp 2
Fiber diameter vs. 

shear force 0.58** 0.36*
Fiber diameter vs. 

sarcomere length -0.83** -0 .64**
Sarcomere length vs. 

shear force -0.51** -0.48**
* P < 0.05
* P < 0.01

Table 4—Means and standard deviations of fiber diameters of ovine longissimus muscle

Tension method
Experiment 1 

Weighted
Experiment 2 

Mechanical
Tension level 4.5a 9.0 13.5 5b 10 15

Rib 45.41c 43.81
Nontensioned 
42.64 44.12 42.33 44.15

(2.47)d (1.94) (2.21) (2.89) (2.92) (3.90)
Loin 43.11 44.81 42.99 42.91 43.13 43.40

(2.42) (1.71) (1.08) (2.84) (1.48) (1.31)

Rib 39.83 36.77
Tensioned

39.74 38.11 36.87 34.26
(2.97) (1.22) (1.02) (3.76) (4.38) (1.39)

Loin 38.41 39.73 39.10 37.08 36.11 34.85
(3.67) (2.34) (3.17) (4.29) (2.32) (1.67)

a W e ig h t load in kg 
b Percent stre tch  
c M ic rons
d S tandard  d e v ia tio n  in parenthesis

Table 5—Means and standard deviations of sarcomere lengths of ovine longissimus muscle

Tension method
Experiment 1 

Weighted
Experiment 2 

Mechanical
Tension level 4.5« 9.0 13.5 5b 10 15

Nontensioned
At 48 hr
Rib 1.64° 1.71 1.78 1.69 1.69 1.69

(0.06)d (0.06) (0.18) (0.05) (0.03) (0.06)
Loin 1.99 1.87 1.80 1.97 2.01 1.96

(0.05) (0.07) (0.08)

Tensioned

(0.10) (0.03) (0.12)

Rib 2.06 2.30 2.31 2.06 2.29 2.20
(0.14) (0.16) (0.03) (0.19) (0.15) (0.34)

Loin 2.00 1.98 2.09 2.15 2.28 2.07
(0.08 (0.16) (0.10)

Nontensioned

(0.17) (0.05) (0.27)

At 240 hr
Rib 1.67 1.68 1.68 1.67 1.75 1.72

(0.12) (0.05) (0.05) (0.06) (0.09) (0.19)
Loin 1.93 1.88 1.76 1.87 1.91 1.89

(0.11) (0.09) (0.06)

Tensioned
(0.11) (0.18) (0.10)

Rib 1.96 2.13 2.04 1.97 2.23 2.19
(0.18) (0.11) (0.22) (0.20) (0.17) (0.27)

Loin 2.09 2.06 2.06 2.04 2.17 2.09
(0.02) (0.09) (0.11) (0.13) (0.15) (0.17)

a W e ig h t load in kg 
b Percent stre tch 
c M ic ron s
d S tandard  d ev ia tion  in parenthesis
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p re se n te d  in  T ab le  7. T e n s io n in g  th e  
m y o fib rils  a p p e a re d  to  in c re ase  n o n te n -  
sio n ed  a n d  te n s io n e d  v a lu es as b o th  aging 
p e rio d s  w ere  h ig h ly  s ig n if ic a n t (P  <  0 .0 1 )  
and  th e  d iffe re n c e  b e tw e e n  ag ing  p e rio d s  
w as also  h ig h ly  s ig n if ic a n t (P  <  0 .0 1 ). 
T hese  re su lts  ag ree  w ith  r e p o r ts  o f  o th e rs  
in c lu d in g  D avey  an d  G ilb e r t  (1 9 6 9 ) .

I t  is c o n c lu d e d  t h a t  w e ig h te d  an d  
m ec h an ic a l m e th o d s  e ffe c tiv e ly  te n s io n  
lo n g issim u s m u sc le  in  in ta c t  b o v in e  an d  
ov ine  carcasses a n d  im p ro v e  te n d e rn e s s  
s ig n ific a n tly  as m ea su re d  b y  th e  d ec rease  
in  sh e a r fo rc e  value . I t  has  b e e n  d e m o n 
s tra te d  th a t  th is  c an  b e  d o n e  w ith  o n ly  a 
m o d e ra te  a m o u n t  o f  fo rce  a n d  w ith o u t  
severing  o f  fa sciae , te n d o n  o r  v e r te b ra .

T en s io n e d  carcasses a t 4 8  h r  e x h ib ite d  
te n d e rn e s s  o f  lo n g issim u s m u sc le  e q u iv a 
le n t  to  th a t  o f  c o n tra la te ra l  sid es t h a t  h ad  
b e en  aged fo r  1 6 8 —2 4 0  h r. L o n g issim u s 
m u sc le  o f  te n s io n e d  carcasses also  im 
p ro v ed  in  te n d e rn e s s  a t  th e  sam e  ra te  as 
n o n te n s io n e d  carcasses w h e n  th e y  w ere  
a g e d  fo r  lo n g e r  p e rio d s . L on g issim u s 
m uscle  o f  te n s io n e d  carcasses a lso  e x 
h ib ite d  lo n g e r sa rc o m e re  le n g th s , sm a lle r  
f ib e r d ia m e te rs  a n d  a re d u c t io n  in  th e  
an im a l-to -an im al v a r ia b ili ty  in  te n d e rn e s s . 
T h e re fo re  te n s io n in g  b y  w e ig h te d  o r 
m ec h an ic a l m e th o d  a p p e a rs  to  b e  v e ry  
p ra c tic a l fo r  c o m m e rc ia l  a p p lic a t io n  o f  
carcasses c o n v e n tio n a lly  su sp e n d e d  b y  a 
h in d  leg.
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TENDERNESS VARIATION IN OVINE LONGISSIMUS MUSCLE

INTRODUCTION

T O D A Y ’S C O N S U M E R  is c o n c e rn e d  
a b o u t th e  p a la ta b ili ty  o f  lam b . T e n d e r 
ness p lay s a m a jo r ro le  in  p a la ta b ili ty . In 
v es tig a tio n s  w ith  lam b  b y  S to u ffe r  e t al.
(1 9 5 8 ) ,  B a tc h e r  e t al. (1 9 6 2 ) ,  C a rp e n te r  
e t a l. (1 9 6 4 )  a n d  C a rp e n te r  an d  K ing
(1 9 6 5 )  have  r e p o rte d  lo w  re la tio n sh ip s  o f  
m arb lin g  an d  o th e r  tra i ts  w ith  ten d e rn ess . 
Im p ro v e m e n t o f  te n d e rn e s s  in  lam b  
th ro u g h  te n s io n  has b e e n  re p o r te d  by  
M cC rae e t al. (1 9 7 1 )  an d  Q u a rr ie r  e t al.
(1 9 7 2 ) .  C a rp e n te r  an d  K ing (1 9 6 5 )  d e m 
o n s tr a te d  th a t  c o re  p o s it io n  w as re la te d  
to  te n d e rn e s s  in  lam b . S im ila r v a ria tio n s  
in  c o re  p o s i t io n  s tu d ie s  have  b een  re 
p o r te d  b y  A lsm ey er e t al. (1 9 6 5 ) ,  C ar
p e n te r  e t al. (1 9 6 8 )  an d  H o s te tle r  an d  
R itc h e y  (1 9 6 4 )  fo r  p o rk  an d  b eef.

T h e  p re se n t s tu d y  c o n s id e re d  th e  v a ri
a tio n  in  sh ea r v a lu e  a t  th re e  co re  p o si
t io n s  w ith in  lam b  rib  an d  lo in  c h o p s  and  
h o w  th ese  re la tio n sh ip s  w ere  a f fe c te d  by  
p re -rig o r te n s io n  a n d  p o s tm o r te m  aging.

' P r e s e n t  a d d r e s s :  D e p t ,  o f  M e a t  &  A n i m a l  

S c ie n c e ,  U n iv e r s i t y  o f  W i s c o n s in ,  M a d i s o n ,  W I  

53706

MATERIALS & METHODS

31 LAMBS of approxim ately 9 - 1 2  m onths of 
age, and ranging in live weight from 3 5 -4 7  kg, 
were utilized in three experiments. After the 
lambs were slaughtered the carcasses were split 
longitudinally through the vertebral column 
and each side was suspended vertically by the 
hind shank. Tension was applied to  one side of 
the split carcass immediately after slaughter by 
either weighted or mechanical means, while the 
contralateral side was held as a nontensioned 
control. O ther aspects o f these experiments 
were described previously by Buege and Stouf
fer (1974).

Weighted tensioning was accomplished in 
experiment 1 by attaching weight loads to the 
muscle and its accompanying vertebral column 
at the level of the sixth thoracic vertebra by 
means of either an s-type hook or a bacon 
hanger. Although tensioned sides were allotted 
to three different weight treatm ents, there were 
no significant differences o f shear value, sarco
mere length or fiber diam eter among the three 
treatm ents. Therefore all weighted groups were 
pooled for this study.

Mechanical tensioning in experiments 2 and 
3 was achieved through the use o f a device 
whose ends were anchored in the longissimus 
muscle in the area o f the sixth rib, and near the 
anterior tip o f the ilium immediately after the 
carcasses were split. Tension was exerted and 
m aintained until 24 hr postm ortem . In experi
m ent 2, three levels o f tension were utilized but

there was no significant difference in shear 
force, sarcomere length or fiber diam eter due to 
level o f tension as reported by Buege and S touf
fer (1974). Therefore all mechanical tensioned 
groups were pooled for this study. In experi
m ent 3, all tensioned sides were subjected to 
approxim ately 12% stretch by m echanical ten
sion.

In experim ents 1 and 2, the ninth thoracic 
through the next to last lumbar vertebrae were 
severed through the body and spinnous proc
esses to facilitate tensioning o f the longissimus 
muscle. Comparison o f shear values o f  ten
sioned muscle o f experim ents 1, 2 and 3 re
vealed no significant difference in response, 
indicating that severence of the vertebrae con
tributed little to the objective tenderness scores 
o f tensioned muscle. For this reason, this 
param eter was no t taken in to  consideration in 
the presentation of this paper.

Between 60 and 120 min postm ortem  ten
sioned and nontensioned sides were placed in a 
2°C cooler. In the interval 2 4 -4 8  hr postm or
tem , sections of rib and loin from the ninth 
thoracic to the next-to-last lumbar vertebra 
were removed from both sides. Samples 3.2 cm 
thick for tenderness determ inations were re
moved from the extrem e ends of the excised 
muscle segment at 48, 120 and 240 hr postm or
tem to  provide rib and loin samples in experi
ments 1 and 2. Between each tenderness sam
ple, a 0.7 cm histological sample was removed 
for use in another study. Tenderness samples 
were secured in a similar m anner in experim ent

Table 1—Description of carcass treatments and means and standard deviations for shear force value3

Aging
Number of Tension Vertebra period Rib Loin Loin

Expt carcasses method status (hr) Nontensioned Tensioned Nontensioned Tensioned
1 12 Weighted Severed 48 6.08 4.49 5.30 4.19

(1.24) (0.45) (1.26) (0.48)
120 5.24 3.20 4.59 3.51

(0.89) (0.34) (0.87) (0.58)
240 3.57 2.47 3 92 2.60

(0.77) (0.24) (1.02) (0.40)
2 12 Mechanical Severed 48 6.20 4.39 4.52 4.00

(0.74) (0.891 (0.78) (0.38)
120 5.48 3.72 4.14 3.20

(1.35) (0.60) (0.76) (0.43)
240 3.64 2.84 3.66 2.77

(0.83) (0.48! (0.67) (0.50)
3 7 Mechanical Intact 48 5.96 3.44 4.95 3.88

(2.01) (0.78) (0.70) (0.46)
168 5.58 3.15 3.57 2.79

(1.13) (0.41) (0.61) (0.24)
aShear fo rc e  in  kg; standard d e v ia tion  in  parenthesis
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Fig. 1—Positions o f cores for determination o f 
shear force.

3 with the exception that samples were re
moved at 48 and 168 hr postm ortem  only, and 
no histological samples were removed. Between 
samplings, the muscle sections were stored at 
l.S°C  in impermeable Cry-O-Vac bags.

Within several hours after excision, all ten
derness samples were cooked in ho t beef tallow 
(135°C), with their internal tem perature m oni
tored by means of therm ocouples on a Honey
well-Brown Type 602 Recording Therm om eter. 
Samples were removed from the ho t fat when 
they reached an internal tem perature o f 60°C. 
Following removal from the h o t fat, internal 
tem peratures were noted to rise 8 -1 2  degrees 
before starting to decline.

Cooked samples were allowed to equilibrate 
in a 4°C cooler for 4 —8 hr before being evalu
ated for tenderness. Three cores of tissue 1.27 
cm in diam eter were removed from  the lateral, 
medial and dorsal areas o f each of the rib and 
loin samples. Figure 1 presents the coring pat
terns used in the rib and loin samples. Position 
1 included samples from the lateral position of 
the longissimus muscle while position 3 was the 
position m ost dorsal to the vertebral column. 
The middle core sample is referred to as the 
medial position. Each core was sheared trans
versely three times in a Warner-Bratzler Shear.

The data were analyzed by an analysis of 
variance and F-test; means and standard devia
tions were com puted for each of the variables 
studied. In certain instances, mean squares and 
denom inator degrees o f freedom for tests were 
synthesized following the procedure o f Sat- 
terthw aite (1946). In appropriate circum
stances, means were more closely examined 
using the least significant difference procedure 
o f Steel and Torrie (1960).

RESULTS & DISCUSSION

A  D E S C R IP T IO N  o f  carcass  t re a tm e n ts  
as w ell as m ea n s  a n d  s ta n d a rd  d e v ia tio n s  
fo r  sh e a r fo rc e  v a lu es o f  rib  a n d  lo in  
ch o p s  over th e  v a rio u s  aging p e r io d s  cov
e red  in  th e se  e x p e r im e n ts  a re  in d ic a te d  in 
T ab le  1. T h e  average sh e a r  fo rc e  fo r  each  
sam p le  in  e ac h  lo c a tio n  o f  all th re e  e x p e r
im e n ts  sh o w ed  a g ra d u a l d e c re a se  w ith  
aging. T h e  sh e a r fo rc e  d iffe re n c e s  d u e  to  
te n s io n  tr e a tm e n t  w e re  s ig n if ic a n t as re 
p o r te d  by  B uege a n d  S to u f fe r  (1 9 7 4 )  in 
a n o th e r  p ap er. W ith  few  e x c e p tio n s  th e

Fig. 2 —Effects o f aging on shear force value by core position for rib  and loin in experim ent 1.

RIB LOIN

Fig. 3 —Effect o f aging on shear force value by core position for rib and loin in experim ent 2.

s ta n d a rd  d e v ia tio n  fo r  e ach  sam p le  d e 
c rea sed  w ith  aging. B o th  m e th o d s  o f  te n 
sio n  a p p lic a t io n , w e ig h te d  a n d  m e c h a n i
cal, an d  all levels o f  te n s io n  a p p lied  
w ith in  a m e th o d  h a d  s im ila r e f fe c ts  o n  
te n d e rn e s s  im p ro v e m e n t.

B ecause  sh e a r fo rc e  d a ta  w e re  co l
le c te d  in  a v e ry  sy s te m a tic  m a n n e r  in  
w h ic h  th e  id e n t i ty  o f  each  co re  w as m a in 
ta in e d , i t  w as p o ss ib le  to  s tu d y  w ith in

m u sc le  te n d e rn e s s  v a r ia tio n s  by  e v a lu a t
ing  in d iv id u a l c o re  va lues b y  p o s it io n .

T h e  c h an g es  in  sh e a r v a lu e  fo r  e ach  
c o re  p o s it io n  o f  rib  a n d  lo in  sam p le s  fro m  
te n s io n e d  a n d  n o n te n s io n e d  c h o p s  over 
aging p e r io d s  a re  i l lu s tra te d  in  F ig u re s  2, 
3 a n d  4 . In  all th re e  e x p e r im e n ts , co re  
p o s i t io n  w as fo u n d  to  hav e  a very  h ig h ly  
s ig n ific a n t e f fe c t  (P  <  0 .0 0 1 )  u p o n  th e  
sh e a r fo rc e  o f  ov in e  lo n g issim u s m u sc le .



4 0 4 - JOURNAL OF FOOD SCIENCE-Volume 39 (1974)

Fig. 4 —Effect o f aging on shear force value by

T h e  te n s io n  t r e a tm e n t  a lso  h a d  a very  
h ig h ly  s ig n ific a n t e f fe c t  (P  <  0 .0 0 1 )  u p o n  
sh e a r fo rce  in  e x p e r im e n ts  1 a n d  2 a n d  a 
h ig h ly  s ig n ific a n t e f fe c t  (P  <  0 .0 1 )  in  e x 
p e r im e n t 3 . L ik ew ise , th e  in te ra c t io n  b e 
tw e e n  te n s io n  t r e a tm e n t  a n d  c o re , an d  
a m o n g  lo c a tio n , te n s io n  t r e a tm e n t  an d  
co re  w ere  very  h ig h ly  s ig n ific a n t (P  <  
0 .0 0 1 )  in  all th re e  e x p e rim e n ts .

T h e  d a ta  d e m o n s tra te  th a t  d iffe re n c e s  
in  sh e a r va lues e x is te d  a m o n g  co res. T h e  
p a tte rn s  o f  th e se  d iffe re n c e s  w e re  n o t  th e  
sam e fo r  r ib  an d  lo in  reg io n s , a n d  w ere  
g re a tly  a lte re d  b y  te n s io n  t r e a tm e n t.  In 
n o n te n s io n e d  r ib  c h o p  sam p le s, th e  la t 
era l c o re  h a d  th e  g re a te s t  sh e a r  v a lues, 
w h ile  th e  m ed ia l an d  d o rsa l co res  w ere  
s im ila r an d  h a d  lo w e r sh e a r va lues. T h is 
f in d in g  d o es  n o t  agree  w ith  th e  r e p o r t  o f  
C a rp e n te r  a n d  K in s  (1 9 6 5 )  w h o  o b se rv ed  
in  lam b  rib  c h o p s  c o o k e d  4 8  h r  p o s tm o r 
te m  b y  d eep  fa t  f ry in g  th a t  th e  d o rsa l 
co re  p o ssessed  th e  g re a te s t  sh e a r va lues in  
th e  rib . T h ey  a lso  fo u n d  th e  la te ra l  co re  
to  hav e  th e  sm a lle s t sh e a r v a lues, w ith  th e  
m ed ia l c o re  b e in g  in te rm e d ia te  in  sh ea r 
value  b e tw e e n  la te ra l  an d  d o rsa l co res . 
S im ila r s tu d ie s  w ith  b e e f  h av e  p ro d u c e d  
d if fe re n t  o p in io n s  c o n c e rn in g  th e  g rad 
ie n t o f  te n d e rn e s s  w ith in  lo n g iss im u s 
m u sc le . T u m a  e t al. (1 9 6 2 )  an d  S m ith  e t  
al. (1 9 6 9 )  fo u n d  th e  la te ra l  p o s i t io n  to  be 
th e  lea s t te n d e r  w h ic h  is in  a g ree m e n t 
w ith  o u r  f in d in g s  w h ile  C over e t  al.
(1 9 6 2 )  a n d  S h a rrah  e t  al. (1 9 6 5 )  re p o r te d  
th e  la te ra l  p o s i t io n  to  b e  th e  m o s t te n d e r  
w h ich  is in  d isa g re e m e n t w ith  th e se  re 
su lts .

In th e  n o n te n s io n e d  lo in  reg io n  th e

st Mortem
LOIN

core position for rib and loin in experim ent 3.

d o rsa l co re  w as h ig h e r  in  sh e a r  v a lues 
th a n  th e  la te ra l  a n d  m ed ia l co res , w h ich  
w ere  c o m p a ra b le . I t  is p o ss ib le  th a t  th e  
g re a te r  sh e a r v a lu es o f  th e  d o rsa l c o re  o f  
th e  lo in  reg io n  w ere  d u e  to  ex cessive  rig o r 
sh o r te n in g  in  th is  reg io n . P o ssib ly  th e  ve r
te b ra l c o lu m n  b e ars  m o s t  o f  th e  s tra in  in  
th is  a rea , th e re b y  leav in g  th e  m u sc le  o f  
th is  reg io n  less te n s io n e d  an d  m o re  sus
c e p tib le  to  sh o r te n in g . S ince  carcasses 
w ere  sp lit th ro u g h  th e  v e r te b ra l  c o lu m n  
in  th is  s tu d y ,  ra te  o f  c o o lin g  m ay  also 
have  b e en  m o re  ra p id  a t th is  lo c a tio n , 
th u s  e n h a n c in g  th e  c o ld  s h o r te n in g  e ffe c t.

P re -rig o r te n s io n  t r e a tm e n t  w as o b 
serv ed  to  a f fe c t th e  c o re s  d if fe re n tly  a t 
th e  tw o  m u sc le  lo c a tio n s . In  th e  rib  th e  
te n s io n  t r e a tm e n ts  re d u c e d  sh e a r  fo rce  in  
e ach  c o re  to  a s im ila r level w ith  a slig h tly  
g re a te r  e f fe c t  in  th e  la te ra l  a rea . H o w ev er 
in  th e  lo in  reg io n , te n s io n  t r e a tm e n t  h ad  
n o  e f fe c t  o n  th e  la te ra l  co re  w h ile  i t  lo w 
e red  th e  sh e a r fo rce  o f  th e  m ed ia l co re  
o n ly  s lig h tly , e x c e p t  in  e x p e r im e n t 1 
w h e re  th e  e f fe c t w as m o re  p ro n o u n c e d .

Table 2—Comparison of shear force means 
within a core samplea

Expt 1b
Shear position 

2C 3C
1 3.95 4.14 4.19
2 3.89 4.11 4.13
3 3.78 4.26 4.25

a Shear fo rc e  in kg 
h C enter o f in ta c t core
c C ente r o f  h a lf  cores re su lting  fro m  In itia l 

shear (1)

T en s io n  t r e a tm e n t  p ro fo u n d ly  d e c re a se d  
th e  sh ea r fo rce  o f  th e  d o rsa l c o re . T h ese  
d a ta  suggest th a t  in  th e  c o n v e n tio n a lly  
h u n g  carcass  th e  lo n g is s im u s m u sc le  in  
th e  la te ra l p o s i t io n  o f  th e  lo in  re g io n  is 
u n d e r  te n s io n , d u e  to  its  a t ta c h m e n t  to  
th e  tu b e ra  c o x a e  c re s t o f  th e  iliu m , w h ile  
th e  b a la n ce  o f  th e  lo n g iss im u s m u sc le  is 
a llo w ed  to  s h o r te n  a n d  b e c o m e  less t e n 
d e r w ith  rigo r. O v erall, te n s io n  t r e a tm e n t  
d ecreases th e  m a g n itu d e  o f  th e  d if fe r 
en ces a m o n g  co res , m ak in g  th e  m u sc le  
m o re  u n ifo rm  in  te n d e rn e s s . T h ese  d a ta  
ad d  f u r th e r  e v id e n ce  to  s u p p o r t  o b se rv a 
tio n s  o f  E is e n h u t e t  a l. (1 9 6 5 ) ,  M cC rae e t 
al. (1 9 7 1 )  a n d  Q u a rr ie r  e t  al. (1 9 7 2 )  th a t  
d iffe re n c e s  in  m u sc le s  o f  in ta c t  ca rcasse s 
a re  d u e  to  th e  deg ree  o f  s tr e tc h  o r  s lack  
im p o sed  o n  th e m  b y  th e ir  a tta c h m e n ts .

P re -rig o r te n s io n in g  o f  lo n g iss im u s 
m u sc le  b y  w e ig h te d  o r  m e c h a n ic a l m e th 
o ds re d u c e d  th e  m e a n  a n d  v a r ia tio n  o f  
th e  4 8  h r  sh e a r v a lu es o f  all rib  c o re  sam 
p les  to  a fa ir ly  u n ifo rm  te n d e rn e s s  th a t  
w as a b o u t  e q u a l to  th e  c o n tro l  sa m p le s  a t 
1 6 8 —2 4 0  h r . T h e  te n s io n e d  lo in  sa m p le s  
w ere  im p ro v e d  b u t  n o t  as m a rk e d ly . 
T h e re  w as e sse n tia lly  n o  ch an g e  in  th e  
la te ra l  co re  p o s i t io n ,  so m e  im p ro v e m e n t 
in  th e  m ed ia l p o s i t io n  a n d  g re a t im p ro v e 
m e n t in  th e  d o rsa l p o s i t io n  o f  lo in  sa m 
ples.

I t  w as p o ss ib le  in  th e  th re e  e x p e r i
m e n ts  in  th is  s tu d y  to  e x a m in e  w h e th e r  
sh e a r fo rce  v a ried  w ith in  in d iv id u a l m u s
cle  co res . S h ea r 1 w as m a d e  a p p ro x i
m a te ly  th ro u g h  th e  c e n te r  o f  th e  c o r e ’s 
len g th , w h ile  sh ea rs  2 a n d  3 w ere  m ad e  
on  th e  re su ltin g  h a lf-c o res , in  ra n d o m  
o rd e r. T ab le  2  c o n ta in s  th e  m e a n s  o f  th e  
th re e  c o re  sh ea rs  o f  e x p e r im e n ts  1, 2 an d
3. T he e f fe c t  o f  sh e a r p o s i t io n  o n  sh e a r 
fo rce  w as h ig h ly  s ig n if ic a n t (P  <  0 .0 1 )  fo r  
e x p e r im e n t 1, v e ry  h ig h ly  s ig n if ic a n t (P  <  
0 .0 0 1 )  fo r  e x p e r im e n t 2 , a n d  s ig n if ic a n t 
(P  <  0 .0 5 )  fo r  e x p e r im e n t 3 . M ean  se p a 
ra tio n  an a ly sis  rev ea led  th a t  in  all 3 e x 
p e r im e n ts  sh e a r 1 w as s ig n if ic a n tly  d if fe r 
e n t  (P  <  0 .0 1 )  f ro m  sh ea rs  2 a n d  3 , b u t  
n o  s ig n ific a n t d iffe re n c e s  e x is te d  b e tw e e n  
sh ears  2 a n d  3 . S ince  sh e a rs  2 a n d  3 w ere  
ra n d o m ly  ch o se n  h a lf-c o re s , i t  w as e x 
p e c te d  th a t  th e y  w o u ld  n o t  vary  g re a tly . 
L o w e r va lues o f  sh e a r 1 p ro b a b ly  re f le c t  
its  s h o r te r  e x p o su re  to  h e a t  d u rin g  c o o k 
ing, in  c o n tr a s t  to  a rea s c lo se r  to  th e  su r
face  o f  th e  ov ine  te n d e rn e s s  sam p les. 
R itc h e y  an d  H o s te t le r  (1 9 6 5 )  n o te d  th a t  
h e a tin g  b o v in e  lo n g iss im u s m u sc le  to  
h ig h e r te m p e ra tu re s  re su lte d  in  in c re a se d  
sh e a r values.

I t  is e v id e n t t h a t  fa ir ly  d e f in i te  a n d  
c o n s is te n t  p a t te rn s  o f  te n d e rn e s s  o c c u r  in 
rib  an d  lo in  reg io n s o f  lo n g is s im u s m u sc le  
o f  n o n te n s io n e d  o v in e  carcass  s id e s su s 
p e n d e d  b y  th e  h in d  sh a n k  a n d  p la c e d  in  a 
c o o le r  a t  2 °C  6 0 —120  m in  a f te r  s la u g h 
te r . P re -rig o r te n s io n  im p ro v e s  te n d e rn e s s  
in m o s t a reas e x c e p t  w h e re  o p t im u m  t e n 
s io n  a lre ad y  ex is ts  i.e ., la te ra l  p o s i t io n  in
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lo in . T en d e rn ess  im p ro v e m e n t b y  th is  
m e th o d  a p p a re n tly  is in d e p e n d e n t  o f  th e  
chan g es th a t  o c c u r  in  ag ing  u p  to  2 4 0  h r  
s ince  te n d e rn e s s  im p ro v e m e n t o f  b o th  
n o n te n s io n e d  a n d  te n s io n e d  sam p le s  fo l
lo w  p ara lle l p a t te rn s  w ith  ag ing  as illu s
t r a te d  in  F ig u re s  2 , 3 a n d  4 .
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THE AROMA OF CANNED BEEF: 
PROCESSING AND FORMULATION ASPECTS

INTRODUCTION

T H E  C H E M IC A L  an d  se n so ry  a ro m a  
p ro p e rt ie s  in  can n e d  b eef, h e a te d  fo r  d if 
fe re n t t im e s  a t 12 1 °C , an d  th e  re la tio n s  
b e tw e e n  su c h  se ts  o f  d a ta  have  b een  
an a ly ze d  a n d  d e sc rib e d  b y  us (P e rsso n  
and  v o n  S y d o w , 1 9 7 3 ; P e rsson  e t al. 
1 9 7 3 a , b).

It w as c o n c lu d e d  th a t  th e  o ff-f la v o r in 
c a n n e d  b e e f  w as d u e  to  th e  fo rm a tio n  o f  
c e r ta in  a ld e h y d e s  an d  su lfu r  c o m p o u n d s .

T h e  p u rp o se  o f  th is  p a r t  o f  th e  in 
v e s tig a tio n  w as to  e x p lo re  th e  in f lu e n c e  
o f  p ro cess in g  p a ra m e te rs  a n d  v a r ia tio n  in 
fo rm u la t io n  o n  th e  a ro m a , e sp ec ia lly  to

1 P r e s e n t  a d d r e s s :  N o r d r e c o  A B ,  S - 2 6 7  0 0  

B j u v ,  S w e d e n

in v es tig a te  th e  p o ss ib ilitie s  to  lo w e r th e  
c o n c e n tra t io n s  o f  th e  o ff-f la v o r p ro d u c 
ing  c o m p o u n d s . In  a d d it io n , th e  a ro m a  
ch an g es d u rin g  s to ra g e  w ere  in v es tig a te d .

L u h  e t al. (1 9 6 4 )  c o m p a re d  c o n v e n 
t io n a lly  s te riliz e d  m ea t w ith  a se p tica lly  
p ack ed  H T S T -ste rilized  m ea t and  fo u n d  a 
lo w e r a m o u n t o f  h y d ro g e n  su lf id e  and  
less o ff-f la v o r in th e  la t te r .  S S rm an  and  
K o zaro v a  (1 9 6 9 )  fo u n d  th a t  a b e t t e r  sen 
so ry  q u a li ty  w as o b ta in e d  in  can n e d  p o rk  
w h e n  a p p ly in g  H T S T -ste riliz a tio n . T h e  
sen so ry  c h an g es  ta k in g  p lace  d u rin g  s to r 
age o f  can n e d  m ea t have  b e en  d esc rib e d  
b y  L e is tn e r an d  W irth  (1 9 6 3 ) .  T h ey  
fo u n d  th a t  th e  ty p ic a l m ea t a ro m a  d isap 
p eared  an d  th a t  a s ta le , so u r  f lav o r d ev el
o p ed  d u rin g  s to rag e . T h e  a p p e a ra n c e  b e 
cam e lig h te r  in c o lo r  an d  m o re  re d d ish .

I n v e s t ig a t io n s  c o n c e rn e d  w ith  im 
p ro v e m e n ts  o f  th e  a ro m a  o f  c a n n e d  b e e f  
by  ch an g in g  th e  fo rm u la t io n  hav e  n o t  
b e en  d e sc rib e d  in  th e  l i te ra tu re .  H o w ev e r, 
K azem ac  (1 9 6 1 )  has fo u n d  th a t  a rg in in e  
and  c a rn o s in e  d e c re a sed  th e  c o n c e n tr a 
tio n s  o f  2 ,3 -b u ta n e d io n e  a n d  u n s a tu ra te d  
a ld e h y d e s  in c a n n e d  c h ic k e n  m ea t. S a to  
an d  H eg arty  (1 9 7 1 )  a n d  S a to  e t al.
(1 9 7 3 )  have  in v es tig a te d  th e  in f lu e n c e  o f  
so m e  a d d itiv e s  o n  th e  w a rm ed -o v e r f lav o r 
in  c o o k e d  m ea t. T h e y  fo u n d  th a t  fo r  th is  
flavor p ro b le m  d ih y d ro x y m a le ic  ac id  an d  
fu rm aric  acid  h ad  n o  in f lu e n c e , b u t  a 
m ix tu re  o f  a sugar, e .g ., g lu co se  o r  la c 
to se , an d  an  a m in o  ac id , e .g ., g ly c in e , 
ly s in e  o r  le u c in e , e v id e n tly  d e c re a sed  
th e  w a rm ed -o v e r flav o r. F u ru h a s h i  an d  
A y an o  (1 9 7 1 a , b ) fo u n d  th a t  th e  s ta le

Table 1—Storage experiments performed in this investigation. Storage temperatures: 20°Ca
Chemical analyses Sensory analyses

Heat treatment Storage
times

Headspace
Expt. Retort Formu- samples

Odor Appear-* c
No. Packaging materials, etc. value temp. lationb (months) FIDC S-FPDC VFAd quality ance
1 Unlacquered can 8

O0CM BFC 0, 6, + + + + +
(HD-tinplate) 
73 X 55 mm

12, 18

2 Lacquered can 8 121°C BFC 0, 6e, + + +
(with Al-pigment) 
71 X 56.5 mm

12, 18

3 Lacquered can 8

oOCM BFC 0, 6e, + t +
73 X 55 mm 12, 18

4 Unlacquered can 10.8 121°C BFC 0,6, + + +
(Heated without cover) 
73 X 28 mm

10

5 Unlacquered can 10.8 C
O o O BFC 0,6, + + +

(Heated without cover) 
73 X 28 mm

10

6 Unlacquered can 10.8 131°C BFC 0,6, + + +
73 X 28 mm 10

7 Flexible pouch of 10.0 121°C B 0, 2, + + + + +
Al-foil laminate 6, 10

(thickness: 16 mm)
8 Flexible polyamide pouch 10.0 131°C B 0, 2 + +

(thickness: 16 mm)
a F o r deta ils  ab ou t packaging m a te ria ls  and fo rm u la t io n s , see te x t,  
k  B = Beef; B FC  = Beef + p o rk  back fa t  + ca rbohyd ra te .
c F ID  = F lam e io n iz a t io n  d e tec to r; S -F P D  = S u lfu r  specific fla m e  p h o to m e tr ic  d etector. 
^ V F A  = V o la t ile  fa t ty  acid
e N o sensory analyses o f  the  6 m o n th s ' samples

M S-JO URNAL OF FOOD SCIENCE-Vo/ume 39 (1974)
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flavor caused by aldehydes in cooked rice 
could be inhibited by adding certain 
amino acids (e.g., arginine and lysine) 
which reacted with the aldehydes.

The flavor of sterilized milk and pos
sibly also canned meat can be improved 
by adding potassium iodate, which lowers 
the amount of thiol-groups (Samuelsson,
1969). Jocelyn (1972) discusses in gener
al how the SH-group reacts with com
pounds containing the structure:

-  C = C — C = 0.I
Fumaric, maleic and sorbic acid are exam
ples of compounds included in this group.

The influence on the aroma of differ
ent aseptic sterilization techniques and of 
HTST-sterilization has been investigated 
by us. The samples were packed in both 
rigid cans and in flexible pouches. The 
influence of some chemical compounds 
mentioned above has also been tested. 
Conventionally sterilized beef has been 
used as reference material. In addition, 
extensive storage experiments have been 
performed.

EXPERIMENTAL
M a te r ia ls

M in c e d  b e e f  f r o m  t o p  s id e  r o u n d  s te a k s  
(B ic e p s  f e m o r i s  a n d  V a s f r u s  la b i r a l i s )  w a s  u s e d  
in  tw o  f o r m u la t io n s :

(B ) 7 9 .3 %  b e e f  +  2 0 %  H 2 O  +  0 .7 %  N a C l

(B F C )  6 1 .3 %  b e e f  +  13%  m in c e d  p o r k  b a c k  f a t  

+  5 %  c a r b o h y d r a t e  ( s t a r c h )  +  2 0 %  H 20  

+  0 .7 %  N a C l.

F o r  f u r t h e r  d e ta i l s  s e e  P e r s s o n  a n d  v o n  S y d o w
( 1 9 7 3 ) .

H T S T - s t e r i l i z a t i o n

T w o  p a c k a g in g  m a te r ia l s  w e re  u s e d  in  p a r a l 
le l:  d e e p  d r a w n  u n la c q u e r e d  t i n p l a t e  c a n s  (7 3  X 
2 8  m m )  a n d  s te r i l i z a b l e  f l e x ib le  p o u c h e s .  T h e  
f l e x ib le  p o u c h e s  u s e d  a t  1 1 5 °  a n d  1 2 1 ° C  w e re  
l a m in a t e d  w i th  t h e  fo l l o w in g  la y e r s :  p o ly -  
a l k y l e n e  ( i n n e r ) ,  a lu m in iu m  f o i l ,  p o ly e s t e r  
( o u t e r )  ( f r o m  C o n t in e n ta l  C a n  C o .) .  S iz e :  1 8 5  
x  1 3 0  m m .  A t  1 3 1 ° C  a  h e a t  s e a la b le  a ll  n y lo n  
f i lm  o f  f o o d  q u a l i t y  ( 0 .0 5  m m )  r e s i s t a n t  to  
t e m p e r a t u r e s  u p  t o  1 8 0 ° C  w a s  u s e d  ( f r o m  
H e lin o s ,  S k a r h a m n ,  S w e d e n ) .  S iz e :  2 1 0  X  1 4 8
m m . A s th e  l a t t e r  f i lm  h a s  a  r e la t iv e ly  h ig h  
w a t e r  p e r m e a b i l i t y  t h e  p o u c h e s  i n t e n d e d  t o  b e  
u s e d  in  t h e  s to r a g e  e x p e r im e n t s  w e re  p a c k e d  in  
a lu m in iu m  fo i l  p o u c h e s  a f t e r  s t e r i l i z a t i o n  in  
o r d e r  t o  m in im iz e  w a te r  lo s s .  B o th  t y p e s  o f  
p o u c h e s  w e re  f i l le d  in  v e r t i c a l - s lo t  r a c k s  g iv in g  a 
u n i f o r m  th ic k n e s s  ( 1 6  m m ) .  T h e  p o u c h e s  c o n 
t a in e d  1 9 0 g  o f  m a te r ia l .  T h e y  w e re  s e a le d  u n 
d e r  v a c u u m .  F o r m u l a t i o n :  B ( s e e  a b o v e ) .

T h e  c a n s  w e re  p r o c e s s e d  in  s m a l l  r e t o r t s  
d e s ig n e d  f o r  T D T  in v e s t ig a t io n s  ( N a t io n a l  C a n -  
n e r s  A s s o c ia t io n ,  1 9 6 8 )  a n d  th e  p o u c h e s  in  a 
la rg e r  t y p e  o f  r e t o r t .  T h e  p o u c h e s  w e re  s t e r i 
l iz e d  in  h o r i z o n t a l  p o s i t i o n  in  a  s p e c ia l ly  d e 
s ig n e d  r a c k  m a d e  o f  t h i n  w ir e  n e t t i n g .

I n  b o t h  ty p e s  o f  r e t o r t s  p r e s s u r e  a n d  t e m 
p e r a t u r e  o f  th e  v a p o r  w e re  c o n t r o l l e d  b y  a 
H o n e y w e l l  P n e u m a t ic  c o n t r o l l e r .  T o  p r o t e c t  
t h e  s e a ls  a n d  p r e v e n t  r u p t u r i n g  o f  t h e  p o u c h e s

d u r in g  h e a t  p ro c e s s in g  a n d  w a te r  c o o l in g ,  s u p e r 
im p o s e d  a ir  w a s  u s e d .  T h e  t e m p e r a t u r e  a n d  th e  
F c -v a lu e  in  t h e  c a n s  w e re  m e a s u r e d  a s  d e s c r ib e d  
b y  P e r s s o n  a n d  v o n  S y d o w  ( 1 9 7 3 ) .  T h e  t e m p e r 
a t u r e  m e a s u r e m e n t  in  th e  p o u c h e s  w a s  p e r 
f o r m e d  b y  u s in g  a  s im i la r  d e v ic e  d e s ig n e d  fo r  
th i s  p u r p o s e  ( E l la b  I n s t r u m e n t s ,  C o p e n h a g e n ,  
D e n m a r k ,  t h e r m o c o u p l e :  1 .0  m m  th i c k ,  1 0 0  
m m  lo n g :  T C K  8 ;  p a c k in g  g la n d :  T C G  3 1 ;  
t e f lo n  g u id in g  r o d :  T C G  3 2 ) .  T h e  s a m p le s  w e re  
p r o c e s s e d  to  t h e  f o l lo w in g  F c v a lu e s  a t  t h e  f o l 
lo w in g  r e t o r t  t e m p e r a tu r e s :

F c -v a lu e  =  5 ; t e m p  = 121 ° C

F c -v a lu e  =  1 0 ;  t e m p  = 1 1 5 ,  1 2 1 ,  1 3 1 ° C
F c -v a lu e  =  2 0 ;  t e m p  =  1 2 1 ° C

M e a t  s te r i l i z e d  in  p o u c h e s  w a s  s to r e d  a t  + 2 0 °  C  
f o r  t im e s  u p  t o  1 0  m o n t h s  a n d  e v a lu a te d .  T h e  
e x t e n t  o f  th i s  i n v e s t ig a t io n  is  g iv e n  in  T a b le  1 
( E x p t .  N o . 7  a n d  8 ).

A s e p t i c  c a n n in g

In  th is  p a r t  o f  t h e  i n v e s t ig a t io n  s a m p le s  
s te r i l i z e d  in  s e a le d  c a n s  ( n o r m a l )  a n d  in  o p e n  
c a n s  ( “ a s e p t i c ” ) w e re  c o m p a r e d .

D i r e c t  s te a m  in l e t .  T h e  b e e f  s a m p le s  w e re  
p a c k e d  in  u n l a c q u e r e d  t i n p l a t e  c a n s ,  7 3  X 2 8  
m m  (s e e  a b o v e )  a n d  s te r i l i z e d  w i th  o r  w i t h o u t  
c o v e r s .  T h e  s m a l l  r e t o r t s  d e s c r ib e d  a b o v e  w e re  
u s e d .  T h e  s te a m  u s e d  w a s  c le a n e d  b y  p a s s in g  i t  
t h r o u g h  a n  A d a m s  T R  f i l t e r  w i th  a P o r o -C a r b o n  
tu b e  ( R .P .  A d a m s  C o .,  I n c . ,  B u f f a lo  1 7 , N .Y .)  
a n d  t h r o u g h  a c t iv a t e d  c a r b o n .  T h e  s te a m  
c le a n e d  in  th i s  w a y  g a v e  n o  o f f - f l a v o r  a s  m e a s 
u r e d  b y  t a s t in g  t h e  c o n d e n s e d  w a te r  a n d  b y  g as  
c h r o m a to g r a p h y .  C o o l in g  to  j u s t  b e lo w  1 0 0 ° C  
w a s  p e r f o r m e d  b y  s u p e r im p o s e d  ( 1 .5  k p / c m 2 = 
1 4 7  k  P a )  s t r e a m in g  n i t r o g e n  t o  a v o id  b o il in g .  
T h e  c a n s  w i t h o u t  c o v e r s  w e re  s e a le d  a n d  t h e n  
c h i l le d  in  t a p - w a te r  t o g e t h e r  w i th  t h e  r e f e r e n c e  
c a n s .  In  t h e  c a n s  h e a t e d  w i t h o u t  c o v e r s  t h e r e  
w e re  n o  w e ig h t  lo s se s . T h e  t e m p e r a t u r e s  a n d  
t h e  F c -v a lu e s  w e r e  m e a s u r e d  a s  d e s c r ib e d  
a b o v e .  T h e  f o l lo w in g  F’c -v a lu e s  a n d  r e t o r t  t e m 
p e r a tu r e s  w e r e  a p p l ie d :

F c -v a lu e  = 1 0 .8 ;  t e m p  =  1 2 1 ° C  a n d  1 3 1 ° C
F c -v a lu e  = 2 1 .6 ;  t e m p  = 1 2 1 ° C  a n d  1 3 1 ° C

F o r  e a c h  o n e  o f  t h e  f o u r  h e a t in g  c o n d i t i o n s

Table 2—Concentrations, ppb (v/v) o f 10 volatile compounds in the 
headspace gas of specimens of canned beef heated at three d ifferent 
time/temperature relations, corresponding to  an Fc-value = 10a

Peak
No. Compound

Retort temperature 

115°C 121°C 131°C 

Cone Cone Cone 
(ppb) (ppb) (ppb)

9 2-Methyl propanal 83 54 39
18 2-Methyl butanal 79 43 30
17 3-Methyl butanal 90 53 40
13a 2,3-Butandione 6.4 6.2 5.8
25 2-Ethyl furan 180 120 89
S2 Hydrogen sulfide 6900 6400 4400
S4 Methyl mercaptan 1400 1200 780
S6 Dimethyl sulfide 810 770 530
S12 2-Methyl thiophene 4.4 3.1 2.2
S13 3,5-D im ethyl-1,2,4-

trith io lane 10 11 6

a Packaging m a te ria l: F le x ib le  pouches; F o rm u la tio n : B = Beef

Table 3—Mean panel intensities and standard deviations (s) fo r preference value, and six 
odor qualities fo r canned beef heated at three d iffe rent time/temperature relations, correspond
ing to  an Fc-value = 10a

115° C

R etort temperature 

121°C 131 °C

Odor quality Intensity S
Sign, level 

fo r d if. Intensity s
Sign, level 

fo r d if. Intensity S

Preference value 5.4 0.3 — 5.4 0.5 — 5.5 0.4
Odor strength 
"R e to rt flavor, 

canned beef

5.9 0.2 0.10 5.4 0.4 0.10 4.9 0.3

o ff-flavo r" 4.8 0.4 - 4.6 0.7 0.05 3.5 0.4
Sulfurous 3.3 0.3 - 3.4 0.6 0.02 2.3 0.2
Burnt 3.7 0.3 0.01 3.0 0.2 0.02 2.3 0.4
Meaty (cooked) 5.0 0.6 0.20 5.5 0.3 - 5.3 0.8
Sharp, pungent 3.7 0.2 0.02 3.1 0.3 0.01 2.4 0.2

a Packaging m a te ria l: F le x ib le  pouches: F o rm u la tio n : B = Beef
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Table 4—Concentrations, ppb (v/v), o f 11 volatile compounds in the headspace gas o f speci
mens o f canned beef heated at 121°C to an Fc-value = 10.8 or an Fc-value = 21.6. Comparison 
between specimens heated in cans w ith  and w ithou t (aseptic canning) covers (see text)

Compound

Form ulation Ba Form ulation BFCa

Fc-value = 10.8 Fc-value = 21.6 Fc-value = 10.8

With
cover

Cone
(ppb)

W ithout
cover

Cone
(ppb)

With
cover

Cone
(ppb)

W ithout
cover

Cone
(ppb)

With
cover

Cone
(ppb)

W ithout
cover

Cone
(ppb)

Pentanal 5.7 4.3 5.7 3.4 32 14
Hexanal 15 7.5 16 6 90 44
2-Methyl propanal 75 39 84 43 75 38
2-Methyl butanal 53 26 72 41 50 30
3-Methyl butanal 53 27 74 42 84 45
2,3-Butandione 3.8 2.0 3.2 2.2 5.3 2.9
2-Ethyl furan 380 150 420 170 200 190
Hydrogen sulfide 6100 5300 7000 4000 4900 4700
Methyl mercaptan 1400 1100 1700 900 1100 900
Dimethyl sulfide 690 350 790 210 370 270

a B = Beef; BFC  = Beef + p o rk  back fa t  + ca rb oh yd ra te

tw o  f o r m u la t io n s  B a n d  B F C  (s e e  a b o v e )  w e re  
p r o c e s s e d  in  c a n s  w i th  a n d  w i t h o u t  c o v e r s .  T h e  
s to r a g e  c h a n g e s  a t  2 0 °  C  w e r e  in v e s t ig a te d  f o r  
s o m e  o f  t h e  c o m b in a t io n s ;  E x p t .  N o . 4 ,  5  a n d  6 
in  T a b le  1.

H e a t in g  u n d e r  s u p e r im p o s e d  n i t r o g e n .  D u r 
in g  s te r i l i z a t i o n  th e  b e e f  s a m p le s  w e re  p a c k e d  
in  s ta in le s s  s te e l  c a n s ,  71 X 51 m m  (w a ll  t h i c k 
n e s s  = 1 m m )  c o n ta in in g  1 9 0 g , s p e c ia l ly  c o n 
s t r u c t e d  f o r  th i s  p u r p o s e .  T h e  c a n s  w e re  p la c e d  
a t  4 8  m m  d e p th  in  a n  o i l  b a t h .  W h e n  h e a t e d  
w i th  c o v e r s  t h e  c a n s  w e r e  s e a le d  w i th  a  s ta in le s s  
s te e l  l id  ( f la n g e  c o u p le d  w i th  s ix  b o l t s  a n d  w i th  
a  c o m b in e d  T e f l o n / s i l i c o n - r u b b e r  l ip - p a c k in g ) .

T h e  c a n s  h e a t e d  “ w i t h o u t ”  c o v e r  w e re  
f la n g e  c o u p le d  in  t h e  s a m e  w a y  a s  a b o v e  t o  t h e

o p e n  b o t t o m  o f  a  g a s - p r o o f  s ta in le s s  s te e l  c y l in 
d e r  ( 2 0 0  x  4 0 0  m m ) .  T o  a v o id  b o i l in g  1 .6  
k p / c m 2 (=  1 5 7  k  P a )  o v e r p r e s s u r e  w a s  k e p t  in  
t h e  c y l in d e r  u s in g  s t r e a m in g  n i t r o g e n  ( 1 2 0 0  
m l /m i n ) .  T h e  n i t r o g e n  in l e t  w a s  a t  t h e  b o t t o m  
o f  t h e  c y l in d e r .  T h e  p u r p o s e  o f  u s in g  s t r e a m in g  
n i t r o g e n  w a s  t o  r e m o v e  th e  a r o m a  c o m p o u n d s  
d e v e lo p e d  d u r in g  s t e r i l i z a t i o n .  T h e  t e m p e r a t u r e  
w a s  m e a s u r e d  b y  a  s p e c ia l ly  d e s ig n e d  t h e r m o 
c o u p l e  w h ic h  w a s  i n s e r t e d  i n t o  t h e  c a n s  
t h r o u g h  a  S w a g e lo k  c o u p l in g  in  t h e  l id  o r  in  th e  
c y l in d e r .  T h e  F -v a lu e  w a s  d e t e r m i n e d  in  t h e  c e n 
te r  o f  t h e  c a n s .  T h e  s a m p le s  w e r e  h e a t e d  f o r  7 5  
a n d  1 0 5  m in  to  a n  F - v a lu e  = 2 .1  a n d  5 .7 ,  
r e s p e c t iv e ly .  W h e n  h e a t in g  w i th  l id  t h e  o i l  b a t h  
t e m p e r a t u r e  w a s  1 2 2 ° C .  H e a t in g  “ w i t h o u t ”  l id

t h e  o il  b a t h  t e m p e r a t u r e  h a d  t o  b e  1 3 0 ° C ,  t h e  
h ig h e r  t e m p e r a t u r e  w a s  n e c e s s a r y  b e c a u s e  h e a t  
w a s  r e m o v e d  b y  t h e  n i t r o g e n  f lo w .  T w o  f o r m u 
la t i o n s ,  B a n d  B F C  (s e e  a b o v e )  w e r e  u s e d  f o r  
e v e r y  c o m b i n a t i o n .  A f t e r  t h e  h e a t  t r e a t m e n t  
t h e  c a n s  w e re  c h i l le d  ( s t i l l  u n d e r  s u p e r im p o s e d  
n i t r o g e n )  in  t a p  w a te r  f o r  2 0  m in .  T h e  s a m p le s  
w e re  t r a n s f e r r e d  t o  u n l a c q u e r e d  t i n p l a t e  c a n s ,  
7 3  x  5 5  m m , s e a le d  a n d  s t o r e d  a t  - 9 0 ° C  u n t i l  
a n a ly z e d .  T h e  w e ig h t  lo s s  i n  t h e  c a n s  h e a t e d  
“ w i t h o u t ”  c o v e r s  w a s  a b o u t  2 0 % . N o  s to r a g e  
in v e s t ig a t io n s  w e re  p e r f o r m e d  w i th  t h e s e  s a m 
p le s .

T h e  in f l u e n c e  o f  i n g r e d ie n t s

T h e  a d d i t iv e s  w e re  d i s s o lv e d  in  w a t e r  a n d  
a d d e d  to  b e e f  b e f o r e  s t e r i l i z a t i o n  ( f o r m u l a t i o n  
B , s e e  a b o v e ) .  T h e  s p e c im e n s  w e r e  p a c k e d  in  
e l e c t r o ly t i c a l  t i n p l a t e  c a n s  ( s iz e  7 3  x  2 8  m m )  
a n d  h e a t e d  f o r  4 5  m in  a t  1 2 1 ° C  ( F c  = 2 0 ) .  T h e  
fo l lo w in g  a m in o  a c id s  w e re  u s e d  in  t h e  c o n 
c e n t r a t i o n  r a n g e  0 .5  —1 .5 % : L - ly s in e H C l,  L - 
a rg in in e H C l a n d  L - h is t id in e H C l ( M e rc k ,  f o r  
b io c h e m is t r y ) .  O t h e r  a d d i t iv e s  u s e d  w e r e :  p o 
ta s s iu m  i o d a t e  ( M e rc k ,  p r o  a n a ly s is )  in  t h e  
c o n c e n t r a t i o n  r a n g e  0 . 0 0 5 —0 .1 % ; p o ta s s iu m  
c h lo r a t e  (M e rc k ,  p r o  a n a ly s is )  a t  t h e  c o n c e n t r a 
t i o n  0 .0 5 % ; d i s o d iu m  f u m a r a t e  ( F l u k a ,  p u r i s s . )  
in  t h e  c o n c e n t r a t i o n  r a n g e  0 . 1 - 1 . 0 % ;  d i s o d i 
u m  m a le a te  ( F lu k a ,  p u r i s s . )  in  t h e  c o n c e n t r a 
t i o n  r a n g e  0 . 0 1 - 1 . 0 % ;  a n d  p o ta s s iu m  s o r b a t e  
( H o e c h s t )  in  t h e  c o n c e n t r a t i o n  r a n g e  0 . 3 - 1 . 0 % .

S t o r a g e  c h a n g e s

T h e  s to r a g e  e x p e r i m e n t s  p e r f o r m e d  a re  
g iv e n  in  T a b le  1. E x p t .  N o . 4 - 8  h a v e  b e e n  d e s 
c r ib e d  a b o v e .  In  E x p t .  N o . 1 - 3  d i f f e r e n t  t y p e s  
o f  c a n s  h a v e  b e e n  c o m p a r e d :

N o .  1 :  U n la c q u e r e d  h o t  d ip  ( H D )  t i n p l a t e  
( 1 .2 5  l b / b b )  c a n s .  S iz e :  7 3  x  5 5  m m ,  h o ld in g  
1 9 5 g  o f  m a te r ia l .

N o . 2 :  E l e c t r o ly t i c a l  (E l  0 .5 0  lb / b b )  t i n p l a t e  
c a n s .  S iz e :  71 x  5 6 .5  m m ,  h o ld in g  1 9 5 g  o f  
m a te r ia l .  T r e a t e d  w i t h  e p o x y  l a c q u e r  m ix e d  
w i th  a lu m in iu m  p ig m e n t  ( 0 .0 3 g  A l / c a n ) ;  s t r ip e  
l a c q u e r e d  w i th  e p o x y p h e n o l  l a c q u e r  o n  th e  
in s id e .

N o .  3 :  T h e  s a m e  as N o . 2 , b u t  w i t h o u t

Table 5—Mean panel intensities fo r preference value and seven odor qualities fo r canned beef heated at 121°C to  an 
Fc-value = 10,8 or an Fc-value = 21.6. Comparison between specimens heated in cans w ith  and w ithou t (aseptic canning) 
covers (see text)

Form ulation Ba Formulation BFCa

Fc-value = 10.8 Fc-value = 21.6 Fc-value = 10.8

Odor quality

With
cover

Intensity
Sign, level 

fo r d if.

W ithout
cover

Intensity

With
cover

Intensity
Sign, level 

fo r d if.

W ithout
cover

Intensity

With
cover

Intensity
Sign, level 

fo r d if.

W ithout
cover

Intensity

Preference value 5.9 - 6.5 5.2 0.20 5.8 3.8 0.20 4.9
Odor strength 
"R e to rt flavor, 

canned beef

5.2 5.1 5.5 5.2 5.1 0.05 4.0

o ff-flavor” 3.0 0.10 2.5 3.2 — 2.9 2.5 — 2.1
Sulfurous 3.2 - 3.0 3.5 — 3.0 2.5 — 2.1
Sharp, pungent 2.9 - 2.8 3.4 - 3.0 2.9 0.05 2.4
Sickly 1.9 0.20 1.7 2.4 0.02 1.6 3.0 _ 3.1
Fragrant 3.0 - 3.4 3.0 0.20 3.4 1.6 — 1.7
Sour, acid, etc. 2.3 0.05 1.8 2.5 0.05 1.9 2.2 - 2.2

B = Beef; BFC  = Beef + p o rk  back fa t  + ca rb ohyd ra te
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a lu m in iu m  p ig m e n t  a n d  w i th  t h e  s iz e : 7 3  x  5 5
m m .

T h e  f o r m u la t io n  u s e d  w a s  B F C  ( s e e  a b o v e ) .  
T h e  s a m p le s  w e re  h e a t  t r e a t e d  a t  1 2 1 ° C  to  a n  
F c -v a lu e  =  8 in  t h e  r e t o r t s  d e s c r ib e d  a b o v e .  T h e  
e x t e n t  o f  t h e s e  s to r a g e  e x p e r i m e n t s  a n d  th e  
a n a ly s e s  p e r f o r m e d  a r e  g iv e n  in  T a b le  1 ( E x p t .  
N o . 1 , 2  a n d  3 ) .

S o m e  o f  t h e  s a m p le s  s to r e d  f o r  1 8  m o n th s  
in  E x p t .  N o .  1 w e re  r e h e a t e d  a t  1 2 1 ° C  f o r  5 0  
m in .

A n a ly s i s

A ll s a m p le s  d e s c r ib e d  a b o v e  w e re  s to r e d  a t  
- 9 0 °  C  u n t i l  a n a ly z e d .

G a s  c h r o m a t o g r a p h y .  D e ta i ls  a b o u t  t h e  
a n a l y t i c a l  p r o c e d u r e  f o r  a n a l y z in g  th e  h e a d -  
s p a c e  g a s  a r e  g iv e n  b y  P e r s s o n  a n d  v o n  S y d o w
( 1 9 7 3 ) .  T h e  q u a n t i t a t i v e  d e t e r m i n a t i o n  o f  t h e  
v o la t i le s  in  t h e  h e a d s p a c e  g a s  o f  c a n n e d  b e e f  
w a s  p e r f o r m e d  u s in g  a  s a m p l in g  t e c h n i q u e  m a k 
in g  i t  p o s s ib le  t o  a n a l y z e  la rg e  v o lu m e s  ( u p  to  
5 0 0  m l)  a n d  u s in g  a n  o p e n  t u b u l a r  c o lu m n  g as  
c h r o m a to g r a p h ic  t e c h n iq u e .  T h e  c o m p o u n d s  
w e re  d e t e c t e d  b y  a  f la m e  io n i z a t i o n  d e t e c t o r  o r  
a  s u l fu r  s p e c i f i c  f la m e  p h o t o m e t r i c  d e t e c t o r .  T o  
a n a ly z e  t h e  s u l f u r  c o m p o u n d s  a  s a m p l in g  d e v ic e  
e n t i r e ly  m a d e  f r o m  g la ss  a n d  T e f l o n  a n d  a 
p a c k e d  g la ss  c o lu m n  w e re  u s e d .  I n  th i s  i n v e s t i 
g a t io n  th e  g la ss  c o lu m n  w a s  p a c k e d  w i th  
C h r o m o s o r b  G  A W  D M C S  8 0 / 1 0 0  m e s h  c o a t e d  
w i th  4 %  Ig e p a l  C A  6 3 0  a s  in  t h e  e a r l i e r  i n v e s t i 
g a t io n .  H o w e v e r ,  b e f o r e  c o n d i t i o n in g  a b o u t  5 0  
m l o f  a  1 0 %  s o lu t io n  o f  d id e c y l  p h t a l a t e  in  
a c e to n e  w a s  f o r c e d  t h r o u g h  th e  c o lu m n  u n d e r  a 
s l ig h t  n i t r o g e n  p r e s s u r e  ( J a n s e n  e t  a l . ,  1 9 7 1 ) .  
T h is  p r o c e d u r e  g a v e  a  c o lu m n  w i th  b e t t e r  
r e s o lu t io n  a n d  le s s  h y d r o g e n  s u l f id e  a b s o r p t io n .

T h e  a m o u n t s  o f  t h e  c o m p o u n d s  w e re  d e t e r 
m in e d  in  a b s o lu t e  c o n c e n t r a t i o n s  ( p p b )  (P e r s 
s o n  a n d  v o n  S y d o w ,  1 9 7 3 ) .

T h e  c o m p o n e n t s  w e re  i d e n t i f i e d  b y  a n a l y z 
in g  t h e  h e a d s p a c e  g a s  o f  a  lo w  t e m p e r a t u r e  d is 
t i l l a t e  o n  a  c o m b in e d  g a s  c h r o m a to g r a p h - m a s s  
s p e c t r o m e t e r .  N in e ty - f iv e  c o m p o u n d s  w e re  
id e n t i f i e d .

In  s o m e  s a m p le s  t h e  v o la t i l e  f a t t y  a c id s  
(V F A )  w e re  d e t e r m in e d .  T h e  V F A  f r a c t io n  w a s  
i s o la te d  b y  s te a m  d i s t i l l a t i o n .  T h e  d i s t i l l a t i o n  
a p p a r a t u s  u s e d  c o n s i s t e d  o f  a  2 5 0  m l d i s t i l l a 
t i o n  f la s k  w i th  i n l e t  f o r  s t e a m ,  a  3 0 0  m m  
v ig re u x  c o lu m n ,  a  c o n d e n s o r  a n d  a  5 0 0  m l 
r e c e iv e r  f la s k  (H a lv a r s o n ,  1 9 7 2 ) .  2 5 g  o f  t h e  
m e a t  s a m p le  w a s  h o m o g e n iz e d  w i th  2 5  m l  d is 

Table 7—Influence on the concentrations (ppb) of hydrogen sulfide 
and methyl mercaptan in the headspace gas o f canned beef by adding 
potassium iodate and the salts o f fumaric, maleic and sorbic acid before 
sterilization3

Added agents
Cone
(%i

Hydrogen
sulfide
(ppb)

Methyl
mercaptan

(ppb)

No additives 0 8300 1700

Potassium iodate 0.005 7400 1500
Potassium iodate 0.02 5500 1300
Potassium iodate 0.05 2100 800

Potassium chlorate 0.05 5100 1700

Disodium fumarate 0.1 5300 1700
Disodium fumarate 0.15 3900 1600
Disodium fumarate 0.30 2500 1200
Disodium fumarate 1.0 760 900

Disodium maleinate 0.06 3800 1400
Disodium maleinate 0.3 740 740
Disodium maleinate 1.0 130 140

Potassium sorbate 0.3 4700 1300
Potassium sorbate 1.0 2200 1100

a F o rm u la tio n : B = Beef

t i l l e d  w a f e r  a n d  th e n  t r a n s f e r r e d  i n t o  t h e  d i s t i l 
l a t i o n  f la s k  t o g e t h e r  w i th  2 4 g  M g S O „  • 7  H , 0  
a n d  3 0  m l  0 .0 5 N  H 2 S 0 4 . B e f o re  t h e  d i s t i l l a t i o n  
w a s  s t a r t e d  6  m l 0 .1 N  N a O H  s o lu t io n  w a s  
p i p e t t e d  i n t o  t h e  r e c e iv e r ,  w h ic h  w a s  k e p t  a t  
0 ° C  d u r in g  t h e  d i s t i l l a t i o n .  T h e  s te a m  d i s t i l l a 
t io n  w a s  s t o p p e d  w h e n  3 0 0  m l c o n d e n s a : e  h a d  
b e e n  c o l le c te d .  T h e  d i s t i l l a t e  w a s  e v a p o r a t e d  
u n d e r  a tm o s p h e r i c  p r e s s u r e  u n t i l  1 m l  r e 
m a in e d .  T h is  r e s t  w a s  a d d e d  t o  a n  a m p o u le  a n d  
f r e e z e  d r ie d .  A f t e r  t h e  f r e e z e  d r y in g  5 0 0  p i 
e t h a n o l  ( 9 9 .5 % )  a n d  1 0 0  p i c o n e  HC1 w e re  
t r a n s f e r r e d  i n t o  t h e  a m p o u le  w h ic h  w a s  im 
m e d ia t e l y  s e a le d  a n d  t h e n  h e a t e d  f o r  2  h r  a t  
1 0 0 ° C  t o  o b t a in  t h e  e th y l  e s te r s  o f  t h e  V F A  
( H a l v a r s o n ,  1 9 7 2 ) .  T h e  e t h y l  e s te r s  w e re  
a n a ly z e d  o n  a  P e rk in  E lm e r  9 0 0  g a s  c h r o m a t o 
g r a p h ,  w i th  i n j e c to r  t e m p e r a t u r e  2 0 0 ° C ,  d e 
t e c t o r  t e m p e r a t u r e  2 0 0 ° C  a n d  w i th  t h e  c a r r ie r  
g a s  (H e )  f lo w  3 0  m l /m i n .  F o r  t h e  a n a ly s is  o f  
t h e  e t h y l  e s te r s  o f  t h e  C ,  - C 4 a c id s  a  3 .2  m m  x  
3 m  P o r a p a k  Q  c o lu m n  a t  1 8 0 ° C  w a s  u s e d  a n d

f o r  a n a l y z in g  th e  e th y l  e s te r s  o f  t h e  C s - C 10 
a c id s  a 3 .2  m m  X 4 m  1 5 %  F F A P  c o lu m n  w a s  
u s e d .  In  t h e  l a t t e r  c a s e  t h e  c o lu m n  t e m p e r a t u r e  
w a s  p r o g r a m m e d  f r o m  8 0 - 1 9 0 ° C  w i th  4 ° C /  
m in  a f t e r  5 m in  in i t i a l  c o n s t a n t  t e m p e r a t u r e .  
T h e  g a s  c h r o m a to g r a p h ic  s y s te m  w a s  c a l ib r a te d  
u s in g  s t a n d a r d  s o lu t io n s  o f  e t h y l  e s te r s .  T h e  
t o t a l  y ie ld s  o f  t h e  d i f f e r e n t  a c id s  d u r in g  s te a m  
d i s t i l l a t i o n ,  e s t e r f i c a t i o n  a n d  g as  c h r o m a to g 
r a p h y  w e re  d e t e r m i n e d  b y  a d d in g  k n o w n  
a m o u n t s  o f  t h e  a c id s  t o  m e a t  s a m p le s .  T h e  a c 
c u r a c y  w a s  e s t i m a t e d  to  b e  a b o u t  2 5 % .

S e n s o r y  e v a lu a t io n .  F o r  d e ta i l s  in  p r o c e 
d u r e ,  s e e  P e r s s o n  e t  a l .  ( 1 9 7 3 a ) .  T h e  s a m p le s  
w e re  e v a l u a te d  u s in g  t h e  o d o r  q u a l i t y  t e c h 
n iq u e :  a  p a n e l  w a s  t r a in e d  t o  r e c o g n iz e  d i f f e r 
e n t  o d o r  n o t e s  in  a  f o o d  i t e m  a n d  t o  e s t i m a te  
t h e  in t e n s i t i e s  o f  th e s e .  O r ig in a l ly  2 8  o d o r  
n o t e s  w e re  u s e d ,  b u t  in  th i s  i n v e s t ig a t io n  th e y  
h a v e  b e e n  r e d u c e d  t o  11 b y  s tu d y in g  th e  c o r 
r e l a t i o n  m a t r ix  f o r  t h e  o d o r  q u a l i t i e s  g iv e n  b y  
P e rs s o n  e t  a l.  ( 1 9 7 3 a )  a n d  b y  c a r r y in g  o u t  in -

Table 6—Influence on the concentrations (ppb) o f aldehydes in the 
headspace gas o f canned beef by adding L-lysineHCI, L-arginineHCI and 
L-histidineHCI before sterilization3

Added amino acids
No

additive
L-lysine

HCI
L-arginine

HCI
L-histidine

HCI

Cone (%)
Compound 0 1.5 1.5 1.5

Ethanal 890 620 790 890
Butanal 2.2 0.94 1.2 2.1
Pentanal 3.7 1.5 1.9 3.3
Hexanal 6.1 2.1 3.6 4.7
2-Methyl propanai 47 23 30 26
2-Methyl butanal 43 17 24 34
3-Methyl butanal 56 19 33 40

Table 8—Influence on flavor properties o f canned beef by adding 
L-arginineHCI, the sodium salts of fum aric acid, maleic acid and sorbic 
acid, respectively, before sterilization3

Flavor properties

Added agents
Cone

(%)
Meaty

(cooked) Burnt
"R e to rt
fla vo r"

Preference
value

No additive 0 5.0 5.0 5.0 5.0
L-ArginineHCI 1.5 7.0 3.0 3.0 7.4
Disodium fumarate 0.15 6.3 3.0 3.0 6.4
Disodium maleinate 0.06 6.0 3.0 3.0 5.9
Potassium sorbate 0.3 7.3 2.5 2.5 6.5
L-ArginineHCI 1.5 6 3  3 5 3 0 7 4

‘Disodium ma einate 0.15

a F o rm u la tio n : B = Beef a F o rm u la tio n : B = Beef
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d iv id u a l  in te r v ie w s  w i th  t h e  p a n e l  m e m b e r s .  
T h e  i n t e n s i t i e s  o f  t h e  o d o r  n o t e s  w e re  e s t i 
m a t e d  u s in g  a  1 0 - p o in t  s c a le .  I n  a d d i t i o n ,  
p r e f e r e n c e  t e s t s  w e r e  p e r f o r m e d .  T h e  a p p e a r 
a n c e  w a s  e s t i m a t e d  f o r  s o m e  o f  t h e  s a m p le s  in  
t h e  s to r a g e  e x p e r im e n t s  u s in g  a  s c a le  w h e r e  0  = 
e x t r e m e l y  l i g h t  a n d  9 =  e x t r e m e ly  d a r k .

F o r  t h e  s u b e x p e r im e n t  i n v e s t ig a t in g  th e  e f 
f e c t  o f  o t h e r  in g r e d ie n t s ,  o n ly  a n  e lu c id a to r y  
s e n s o r y  a n a ly s i s  w a s  p e r f o r m e d  u s in g  f iv e  m e m 
b e r s  f r o m  t h e  o d o r  q u a l i t y  p a n e l  a n d  a  r e d u c e d  
l i s t  o f  o d o r  n o t e s .  E v e ry  s a m p le  w a s  a s s e s s e d  
tw ic e .  T h e  s a m p le s  w e re  a ls o  t a s t e d  u s in g  th e  
s a m e  d e s c r ip t iv e  w o r d s  a s  w h e n  s m a l l in g  th e m .

RESULTS

HTST-sterilization
In Table 2 the changes in the concen

trations for some of the more important 
aroma compounds are shown. These were 
obtained when the retort temperature 
was 115°, 121° and 131°C at the same 
Fc-value (= 10), i.e., all three samples 
have obtained the same lethal heat treat
ment. The results shown were obtained 
with samples packed in flexible pouches. 
It can be seen that there was a marked 
decrease in the concentrations when the 
temperature was raised, especially in the 
HTST-sterilized (131°C) samples. The 
concentrations of the components in the 
latter sample were even lower than those 
obtained when heating to the Fc-value = 
5 at 121°C. The sample heated to Fc- 
value = 20 at 121°C had roughly the same 
concentations of aroma components as 
the sample with Fc-value = 10 at 115°C. 
The samples packed in cans were not in
fluenced by the HTST-sterilization to the 
same degree as when pouches were used 
although the tendency was the same. The 
can samples had higher concentrations of 
the aroma compounds than the cor

responding samples sterilized in a pouch. 
This was due to the larger thickness of 
the cans and corresponding longer heating 
time (in mean 25%) which was necessary 
to reach an adequate center temperature. 
In Table 3 the changes of some odor qual
ities used are shown. It is evident that for 
these odor qualities there is a good corre
lation with the chemical data in Table 2. 
The sensory differences for samples in 
cans were, as expected, much smaller 
than for those obtained in pouches.
Aseptic canning

Direct steam inlet. Some of the chemi
cal and sensory results obtained with this 
procedure are given in Tables 4 and 5. 
The concentrations of the aroma com
ponents were lower, especially for the 
aldehydes, when no cover was used 
(aseptic canning). These results correlate 
well with some of the odor qualities in 
Table 5. The differences in the odor qual
ities are in general not very pronounced 
comparing samples processed with or 
without lids. However, the preference val
ue was higher for all samples without 
cover. Samples heated for a shorter time 
at 131°C were also included in this exper
iment and again, as mentioned above, no 
special HTST-effect was obtained with 
the cans of the size used.

Heating under superimposed nitrogen. 
The same tendency as with direct steam 
inlet was obtained in this experiment, but 
the differences were even less marked.
The influence of ingredients

It appears from Table 6 that addition 
of L-lysineHCl and L-arginineHCl had a 
pronounced influence on the concentra
tions of the aldehydes, which decreased 
to about 50%, while the influence of L- 
histidineHCl was smaller. In Table 7, it is

Table 9—Concentrations, ppb (v/v), o f 11 volatile compounds in the 
headspace gas o f stored canned beef, heated at 121°C to  an Fc-value = 
8a

Compound

0

Storage tim e (months) at 20°C 

6 12 18
Cone
(ppb)

Cone
(ppb)

Cone
(ppb)

Cone
(ppb)

Ethanal 2700 1400 1000 470
Hexanal 76 7.1 3.3 1.8
2-Methyl propanal 110 54 22 16
2-Methyl butanal 71 23 14 8.2
3-Methyl butanal 110 6.3 5.0 2.4
2,3-Butandione 10 6 2 0.6
2-Ethyl furan 250 290 330 160
Hydrogen sulfide 7200 1400 1300 1100
Methyl mercaptan 1300 640 640 540
Dimethyl sulfide 880 930 1100 900
Ethylene sulfide 14 1.6 2.2 0.1

a F o rm u la tio n : B FC  = Beef + p o rk  back fa t  + c a rb oh yd ra te : Packaging 
m a te ria l: U nlacquered cans o f  H D -tin p la te  (73  X  55 m m ). (E x p t.  No. 1 
in  Tab le  1)

shown how different compounds react 
with the two main sulfur compounds, 
hydrogen sulfide and methyl mercaptan. 
Potassium iodate had an obvious effect 
even at very low concentrations, while 
potassium chlorate had a smaller effect. 
Potassium iodate decreased the hydrogen 
sulfide concentration but on the other 
hand increased the amount of dimethyl 
sulfide and also the aldehydes. Thus this 
compound is not a suitable ingredient for 
canned beef. All the remaining com
pounds tested caused a marked decrease 
in the concentrations of the sulfur com
pounds. The influence on the sensory 
properties by some of these compounds is 
shown in Table 8. There is a positive ef
fect on the flavor properties by using 
these ingredients. L-lysineHCl gave an 
off-flavor at the concentrations which 
were necessary to decrease the aldehyde 
concentrations.

Still better flavor properties were ob
tained when using combinations of L- 
arginineHCl and one of disodium maleate 
and disodium fumarate (Table 8).
Storage changes

In Table 9 the concentration changes 
are given for 11 aroma compounds ob
tained when storing canned beef (+ fat + 
carbohydrate) up to 18 months (Expt. 
No. 1 in Table 1). Except for dimethyl- 
sulfide and 2-ethylfuran there was a very 
marked decrease in concentrations during 
storage especially between 0 and 6 
months. This is reflected in corresponding 
sensory data (Table 10). There is a 
marked parallel decrease in “retort fla
vor,” “sulfurous,” “burnt” and “meaty” 
as well as in the preference value. How
ever, at the same time, the odor qualities 
“acid, sour” and “like whey butter” in
creased. The appearance changed towards 
a lighter, more reddish color. If the 18 
months’ sample were reheated for 50 min 
at 121 °C much of the storage effect dis
appeared, but it was still evaluated as 
somewhat poorer than the 0 month’s 
sample (Table 10). There were no signifi
cant differences in chemical or in sensory 
data when comparing the unlacquered 
cans (Expt. No. 1) with the lacquered 
ones (Expt. No. 2 and 3).

The stored samples packed in flexible 
pouches (Expt. No. 10 and 11 in Table I) 
gave a quite analogous pattern in the 
chemical data (Table 11). However, the 
changes were more accelerated when 
pouches were used, especially in those 
sterilized at 131°C. The sensory changes 
in the samples packed in pouches and 
sterilized at 121°C are given in Table
12.

As can be seen from the sensory data 
(Tables 10 and 12) some odor notes (e.g., 
“acid, sour,” “like whey butter” ) in
creased. These can be assumed to be 
associated with the presence of volatile 
fatty acids (VFA). The changes in con-
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Table 10—Mean panel intensities fo r preference value and nine odor qualities fo r stored canned beef, heated at 121°C
to an Fc-value = 8a

0

Storage tim e (months) at 20°C 

6 12 18 18b

Odor quality Intensity
Sign, level 

fo r d if. Intensity
Sign, level 

fo r  d if. Intensity
Sign, level 

fo r d if. Intensity Intensity

Preference value 3.6 0.01 2.4 0.10 1.9 - 1.9 3.2
Odor strength 
"R e to rt flavor, 

canned beef

5.5 0.01 4.5 0.01 5.3 5.1 4.9

o ff-flavor” 2.5 0.01 1.4 - 1.2 - 1.3 2.4
Sulfurous 2.4 0.01 1.1 - 1.3 - 1.4 2.3
Burnt 2.2 0.05 1.4 - 1.6 - 1.6 2.4
Meaty (cooked) 4.3 0.01 2.2 - 1.8 - 1.8 3.3
Sickly 3.8 - 3.8 - 4.0 - 4.2 3.2
Acid, sour, etc. 3.1 0.05 4.4 - 5.0 - 4.8 3.3
Like whey butter 0.9 0.01 3.5 0.05 4.9 - 4.3 1.8
Appearance 

(0 = extr. light, 
9 = extr. dark)

5.9 0.01 3.8 3.9 0.05 3.2

a F o rm u la tio n : BFC  -  Beef + p ork  back fa t  + ca rb oh yd ra te ; Packaging m a te ria l: U nlacquered cans o f  H D -tin p la te  (73  X  55 
m m ) (E x p t. No. 1 in Tab le  1) 

b Reheated fo r  50  m in  a t 121°C

centrations of some of the VFA are given 
in Table 13 (Expt. No. 1 and 7 in Table 
1). Most of the acids were present in con
centrations close to reported odor thresh
olds. The amounts increased slowly dur
ing storage. The storage experiments cor
responding to Expt. No. 2—6 in Table 
1 all showed the same pattern both for 
chemical and sensory data as those de
scribed above (Tables 9, 10, 11 and 12).

DISCUSSION

H T S T - s t e r i l i z a t i o n

It is evident (Table 2) that a higher 
temperature and shorter heating time at a 
constant Fc-value decreased the concen
trations of those compounds that could 
be related to the off-flavors in canned 
beef (aldehydes and sulfur compounds; 
see Persson and von Sydow, 1973; Pers- 
son et ah, 1973b). The differences in con
centrations for the sulfur compounds 
were especially marked between 121°C 
and 131°C. This was in accordance with 
the findings by Luh et al. (1964) in their 
investigations of canned beef, where they 
found that the H2 S content was three 
times higher in conventionally sterilized 
meat than in HTST-sterilized. These ob
servations are of practical interest only 
where the material is packed in thin con
tainers.

The odor qualities describing off-odors 
correlated well with the chemical data. 
There was, for instance, with increasing 
temperature a marked decrease in nega
tive odor notes: “retort flavor,” “sulfu- 
rous” and “burnt.” “Odor strength” and 
“sharp, pungent” also decreased in a sim

ilar way, while there was no evident 
improvement in the odor note “meaty” 
or in the preference value (Table 3). The 
reason is that the meat samples were 
packed uncooked and that during the 
mild HTST-heat treatment there was not 
time enough for the full meat aroma to 
develop. This conclusion is in accordance 
with Luh et al. (1964). This may not, 
however, imply any practical problems 
since the meat should be reheated before 
eating. Furthermore, meat is generally 
cooked before packing and therefore 
there will be no problem with raw meat 
flavor.

In conclusion, a better finished prod
uct may be obtained by applying HTST- 
sterilization provided that the meat is 
packed in thin layers (in this investiga
tion 16 mm). No significant improvement 
was obtained with a 28 mm thickness.

A combination of HTST-heating by 
steam and (a final) dielectric heating (e.g., 
microwave heating) should improve the 
result with packages of larger thickness. 
The central parts of the meat can thus 
obtain an adequate heating during a 
shorter time by using microwaves. This is 
presently under investiation in our labora
tories.

Table 11—Concentrations, ppb (v/v), o f 11 volatile compounds in 
the headspace gas of stored canned beef, heated to  an Fc-value = 10 at 
121°C and 131°Ca

Retort temp 121°C Retort temp 131°C
Storage tim e (months) at 20°C Storage time (months) at 20° C

0 2 6 10 0 2

Cone Cone Cone Cone Cone Cone
Compound (ppb) (ppb) (ppb) (ppb) (ppb) (ppb)

Ethanal 810 330 480 390 780 200
Hexanal 4.8 4.1 1.9 1.3 16 1.9
2-Methyl propanal 54 24 24 22 39 16
2-Methyl butanal 43 26 18 16 30 4.7
3-Methyl butanal 53 6 9 9 40 2.4
2,3-Butandione 6.2 0.6 0.1 0.1 5.0 0.1
2-Ethyl furan 120 190 74 78 89 85
Hydrogen sulfide 11500 1800 1120 1400 7900 1100
Methyl mercaptan 1200 180 380 410 780 75
Dimethyl sulfide 770 610 600 640 530 440
Ethylene sulfide 13 1.1 1.8 1.7 1.0 0.7

a F o rm u la tio n : B = Beef; Packaging m ateria ls: F le x ib le  pouches (E x p t.  No. 7 and 8 in  Tab le  1)
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Aseptic canning
In this part of the investigation the dif

ferences between meat samples sterilized 
with or without covers were investigated. 
To avoid weight losses it was best to use 
direct heating with superimposed steam 
rather than holding the overpressure by 
nitrogen or air. When using steam, desic
cation at the walls was avoided, while 
when using nitrogen overpressure there 
was a risk for “burning on” on the walls.

A marked decrease in the concentra
tions of the off-flavor giving components 
was obtained for the samples without 
covers (Table 4). There was an especially 
large decrease in the aldehydes, while the 
changes in the sulfur components were 
less. In all formulations containing fat 
there are higher concentrations of the 
aldehydes, e.g., pentanal, hexanal, 3- 
methyl butanal and therefore the “asep
tic” heating has a certain positive influ
ence on those types of samples. This can 
be seen in Table 5 where the rating of the 
preference value increased from 3.8 when 
cover was used to 4.9 when heated asep- 
tically.

It was somewhat surprising that larger 
differences in concentrations of the vola
tiles, especially the sulfur compounds, 
were not obtained between the two types 
of heat procedures, since sterilizing with
out cover creates extremely favorable 
circumstances to distil off the volatiles. 
This is probably due to the fact that the 
volatile components are firmly adsorbed 
on the protein and the fat. The same 
problem can be found with aseptically 
heat sterilized milk. This explains why 
the nasty-smelling volatiles are not re
leased, when heat sterilized food items 
are cooked, as cooking is an even weaker 
heat treatment than aseptic canning.

Examples of technical solutions corre
sponding to these experiments are the 
Hydropac system (FMC Corp.) in which 
flexible pouches are sterilized with one 
side unsealed, thus permitting venting of 
the volatiles (Brody, 1971).

Other technical solutions to this prob
lem are Swift’s Flash 18 system and the 
Dole system.
Influence of ingredients

The effect of adding amino acids was 
mainly in accordance with the findings 
of Furuhashi and Ayano (1971 a,b), but 
L-histidineHCl was almost without any 
effect on canned beef. This can be due to 
the fact that L-histidineHCl reacted along 
different pathways during the severe steri
lization than during cooking. The larger 
amounts of amino acids necessary in 
canned beef compared with water solu
tions of pure aldehydes to reach the same 
effect can probably be explained in the 
same way.

The effect of the salts of fumaric, 
maleic and sorbic acid on hydrogen sul
fide and methyl mercaptan was very clear

and by using one of these three com
pounds one has a tool to control the con
centration of voltile thiol-compounds, 
especially hydrogen sulfide. If the con
centrations of hydrogen sulfide and 
methyl mercaptan decrease to less than 
about 10—20% of their original values 
(given in Table 7), the typical meat aroma 
disappears to some extent and an off- 
flavor appears which is similar to the acid, 
stale flavor in stored canned beef. This 
shows that adequate concentrations of 
hydrogen sulfide and methyl mercaptan 
are important for typical meat aroma.

It is possible that the compounds test
ed also had some effect on other flavor 
compounds not analyzable with the sam
pling technique used in this investigation.

The added compounds have the advan
tage of being effective even at the severe 
heating of sterilization. Thus, they can be 
added before retorting. Addition of the 
compounds described can certainly be

applied to other food items which have 
off-flavors caused by aldehydes and 
thiols. Of the additives used, the amino 
acids, potassium chlorate, disodium fu- 
marate and potassium sorbate are on the 
GRAS-list.

Storage changes
There were very marked changes in the 

aroma complex (Tables 9 and 11) during 
storage. These changes depend on the ac
tion of oxygen in the packages. This is 
supported by Wirth’s and Leistner’s
(1970) finding that the redox potential 
decreased during the storage of canned 
beef, v/hich is a symptom of disappearing 
oxygen. The chemical changes were fol
lowed by analogous changes in sensory 
data. The intensities of most of the sen
sory properties markedly decreased (Ta
bles 10 and 12). This is valid both for 
negative odor notes like “retort flavor,” 
“sulfurous” and “burnt” and positive

Table 12—Mean panel intensities fo r preference value and six odor qualities fo r stored 
canned beef, heated to  an Fc-value = 10 at 121°Ca

0

Storage tim e (months) at 2 0  C 

2 6 10

Odor quality Intensity
Sign, level 

fo r d if. Intensity
Sign, level 

fo r d if. Intensity
Sign, level 

fo r  d if. Intensity

Preference value 5.4 0.01 4.2 — 3.7 2.5
Odor strength 
"R e to rt flavor, 

canned beef

5.4 5.2 5.5 5.6

o ff-flavo r" 4.6 0.001 2.0 - 1.4 1.3
Burnt 3.0 0.01 1.6 - 1.6 1.9
Acid, sour, etc. 2.4 0.01 3.2 - 4.1 4.6
Like whey butter 0.2 0.001 1.8 - 3.1 3.8
Appearance 

(0 = extr. light, 
9 = extr. dark)

7.7 0.001 6.4 0.C1 5.0 5.2

a F o rm u la tio n : B = Beef; Packaging m ate ria ls : F le x ib le  p o jc h e s  (E x p t. No. 7 in  Tab le  1)

Table 13—Concentration o f some volatile fa tty  acids (VFA) in stored canned beef, heated at 
121°C to  an Fc-value = 8 (BFC) and Fc-value = 10 (B)a

Unlacquered tinplate can (73 X 55 mm) Flexible pouch
Form ulation BFCa Form ulation Ba

Storage tim e (months) at 20°C Storage tim e (months) at 20°C

Acid (pg/g) 0 6 12 18 0 2 6 10

Acetic 24 25 30 41 21 23 26 26
Propionic 1.5 1.5 1.8 1.9 1.7 1.9 2.1 2.1
Butyric 2.7 2.8 3.0 3.7 4.5 4.4 4.5 4.9
Hexanoic 0.9 1.0 1.1 1.6 0.4 0.8 0.8 0.8
Heptanoic 0.6 0.7 0.7 0.8 0.6 0.6 0.7 0.7
Octanoic 0.2 0.2 0.3 0.5 0.1 0.2 0.3 0.3
Nonanoic 0.1 0.2 0.2 0.2 0.1 0.2 0.2 0.2
Decanoic 0.3 0.3 0.4 0.8 0.1 0.2 0.3 0.3

a B = Beef; BFC = Beef + p o rk  back fa t  + ca rb oh yd ra te  (E x p t.  No. 1 and 7 in Tab le  1)
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ones like “meaty” and the preference 
value. The samples lost their typical 
meat aroma. Simultaneously with these 
changes there was an increase in some of 
the negative odor qualities: “acid, sour,” 
“like whey butter” and “sickly.” There 
was also a change in appearance: the 
color turned lighter and more reddish 
during storage. The hitherto mentioned 
changes were common for all experiments 
(No. 1 —8) in Table 1 and in agreement 
with the findings by Leistner and Wirth
(1963). They found that the meat aroma 
disappeared during the storage and an 
“old flavor” or “stale flavor” developed. 
Off-odors as “acid, sour” and “like yeast” 
were obtained and as in our investigation 
color changes occurred.

In order to find if the storage changes 
were reversible the 18 months’ samples, 
from Expt. No. 1 in Table 1, were reheat
ed in the cans at 121°C for 50 min. The 
sensory data (Table 10) showed that the 
storage changes evidently were decreased 
but some of the storage off-odors re
mained (e.g., “like whey butter”). The 
color turned darker. Also these results 
were in agreement with Leistner and 
Wirth (1963). The reheating temperatures 
and times used by us have been largely 
exaggerated to investigate if any changes 
at all could be obtained. Normally, one 
does not use such cooking conditions and 
it is probable that with a milder reheating 
the storage changes remain more evident 
than in our experiment.

As mentioned above the off-odors ob
tained during storage (e.g., “acid, sour,” 
“like whey butter” ) were suspected to 
originate from volatile fatty acids. The re
sults of the VFA-analysis (Table 13) 
showed that there was a slight increase in 
the concentrations during storage. The 
acetic, butyric, hexanoic and heptanoic 
acids seemed to be most important. It is 
probable, that the the odor from the 
acids was masked during the initial period 
of the storage. When the concentrations 
of the sulfur compounds and the alde
hydes decreased the flavor from the acids 
became of increasing importance. Pos
sibly other components, not analyzed

with the chemical techniques used, could 
have some influence.

During the storage there was no signifi
cant decrease in the pH. It varied between
5.9 and 6.0 for all experiments.

From the Tables 9—11 it can be seen 
that the storage changes seemed to de
velop more rapidly in flexible pouches 
than in cans. This is especially evident for 
those sterilized at 131°C (Table 11). This 
may be due to oxygen penetration 
through the pouches.

Other factors than those discussed 
above might have had an influence on the 
aroma properties of canned beef. One fac
tor is precooking, which often is applied 
before filling into the cans. However we 
found in a separate investigation that pre
cooked beef (final centrum temperature 
70°C) did not, to any great extent, differ 
in chemical concentations from beef 
packed uncooked. The precooked meat 
had somewhat higher concentrations of 
some of the aroma compounds, especially 
the sulfur ones.

The experiments described have dealt 
with the possibilities of avoiding off- 
aroma in canned pure beef added with fat 
and starch. In industrial formulations, 
however, other ingredients are often in
cluded: spices, onion, etc., and their 
aroma during sterilization and storage are 
important to know in order to be able to 
optimize processes and formualtions. In 
addition, different cuts and meat from 
different species and breeds can have an 
influence on the aroma.

Besides aroma, there are other eating 
quality properties that are of importance 
but which have not been investigated in 
our work. For instance, the changes in 
water holding capacity and in texture are 
certainly of significant magnitude during 
processing and storing of canned beef 
products.

REFERENCES
Brody, A.L. 1971. Food canning in rigid and 

flexible packages. CRC, Crit. Rev. Food 
Technol. 2(2): 187.

Furuhashi, T. and Ayano, Y. 1971a. Effect of 
various amino acids on elimination of stale

flavor of rice. Part 1. Reactivity of various 
volatile carbonyl compounds and amino 
acids in model system. J. Food Sei. & Tech
nol. (Tokyo) 18: 119.

Furuhashi, T. and Ayano, Y. 1971b. Effect of 
amino acids on elimination of stale flavor of 
rice. Part 2. Effect of added amino acids in 
stored rice. J. Food Sei. & Technol. (Tokyo) 
18: 125.

Halvarson, H. 1972. A procedure for isolation 
and quantitative determ ination of volatile 
fa tty  acids from meat products. J. Food Sei. 
37: 136.

Jansen, H.E., Strating, J. and Westra, W.M. 
1971. The gas chromatographic determ ina
tion of traces of hydrogen sulphide and 
alkane thiols in beer. J. Inst. Brew. 77: 154.

Jocelyn, P.C. 1972. “ Biochemistry of the 
SH-Group.” Academic Press, London.

Kazeniac, S.J. 1961. Chicken flavor. In “ Pro
ceedings of Flavor Chemistry Symposium.” 
Campbell Soup Co., Camden, N.J.

Leistner, L. and Wirth, F. 1963. Probleme der 
Langlagerung von Fleischkonserven. 1. 
Einführung. Fleischwirtschaft 15: 274.

Luh, B.S., Gonzales-Acuna, C.G., Leonard, S. 
and Simone, M. 1964. Aseptic canning of 
foods. 6. Hem atin and volatile sulfur com
pounds in strained beef. Food Technol. 18: 
216.

National Canners Association. 1968. Thermal 
death times. In “ Laboratory Manual for 
Food Canners and Processors,” Third ed, p. 
166. Avi Publishing Co., W estport, Conn.

Persson, T. and von Sydow, E. 1973. The 
aroma of canned beef. Gas chromatographic 
and mass spectrom etric analysis of the vola
tiles. J. Food Sei. 38: 377.

Persson, T., von Sydow, E. and Äkesson, C. 
1973a. The aroma of canned beef. Sensory 
properties. J. Food Sei. 38: 386.

Persson, T., von Sydow, E. and Äkesson, C. 
1973b. The aroma of canned beef. Models 
for correlation of instrum ental and sensory 
properties. J. Food Sei. 38: 386.

Samuelsson, E.G. 1969. Verfahren zur Behand
lung proteinhaltiger Nahrungsmittel. Ger. 
Offen. 1 816035.

Sato, K. and Hegarty, G.R. 1971. Warmed-over 
flavor in cooked meat. J. Food Sei. 36: 
1098.

Sato, K., Hegarty, G.R. and Herring, H.K. 
1973. The inhibition of warmed-over flavor 
in cooked meats. J. Food Sei. 38: 398.

Sorman, L. and Kozarova, L. 1969. Effect of 
preservation on the change of organoleptic- 
active com ponents in packaged foods 
(Vplyv ,konzervacie na zmeny organolep- 
ticky ucinnych zloziek hotovych jedal). 
Slovenskej vysokej skoly technickej 1969— 
1970, p. 235.

Wirth, F. and Leistner, L. 1970. Redox poten
tiale in Fleischkonserven. Fleischwirtschaft 
50: 491.

Ms received 7 /6 /73; revised 9 /21 /73 ; accepted 
9 /23/73_________________________________

Grants from the Swedish Board for Techni
cal Development are gratefully acknowledged. 
Thanks are due also to  Mr. L. Winnermark, Miss 
R.M. Janson and Miss A.C. Ljungqvist for ex
perim ental help.



% J L i R ESEA R C H  N O T E S— “VA'“ ’—

R IC H A R D  A . K E N N E Y

Dept, o f Physiology, George Washington University Medical Center, Washington, D C  20 037

A Research N ote
EFFEC T OF CONCURRENT CALORIC INTAKE ON THE RESPONSE 

TO ORAL MONOSODIUM L-GLUTAMATE 
IN SUSCEPTIBLE SUBJECTS

INTRODUCTION

IN A PREVIOUS paper (Kenney and 
Tidball, 1972) we reported a placebo 
controlled study of the susceptibility 
of a group of volunteers to a 5g oral 
dose of monosodium L-glutamate (MSG) 
served in tomato juice. Twenty five of 
the total of 77 subjects tested reported 
symptoms following the dose of MSG. 
members of the reacting group revealed a 
dose-response relationship in the dosage 
range of 1—5g. In both the initial survey 
and in the subsequent study, the MSG was 
administered at least 2 hr after the pre
vious snack (breakfast) and an analysis of 
the symptom occurrence in relation to 
the quantity or nature of food taken re
vealed no effect of previous feeding.

Both culinary and commercial practice 
in the use of MSG would make the inges
tion of 5g unlikely in a single dose of 
fluid and in fact any ingestion would 
normally be as part of a meal of signifi
cant calorie content. Natural L-glutamic 
acid moreover, as a constituent of pro
tein, is frequently ingested in quantities 
in excess of 5g at a single meal.

A study was therefore undertaken to 
assess the susceptibility of a population 
of proven reactors to a standard dose (5g) 
of MSG given as part of a lunch-type 
snack. In addition the study was designed 
to test the response to naturally occurring 
L-glutamic acid in amounts comparable 
with the test dose of MSG.

MATERIAL & METHODS

T H E  S U B J E C T S  f o r  t h e  s tu d y  w e re  13  m e m 
b e r s  o f  t h e  r e a c t o r  g r o u p  w h o  h a d  p r e v io u s ly  
b e e n  s tu d i e d  in  d e p th .  T h e y  w e re  a c q u a in t e d  
w i th  th e  o b je c t iv e s  o f  t h e  s tu d y  to  w h ic h  th e y  
h a d  g iv e n  th e i r  in f o r m e d  c o n s e n t .  O n  e a c h  t e s t  
o c c a s io n  s u b je c t s  w e re  p r o v id e d  w i th  a  p a c k 
a g e d  l u n c h  a c c o m p a n ie d  b y  a  g la ss  o f  t o m a t o  
ju ic e .  E a c h  s u b je c t  w a s  g iv e n  a  q u e s t i o n n a i r e

w h ic h  h e  o r  s h e  w a s  r e q u i r e d  to  a n s w e r  in  t h e  2 
h r  f o l l o w in g  th e  s n a c k .

F o u r  l u n c h - ty p e  s n a c k s  w e re  u s e d  in  th e  
s tu d y .  T h e  c o m p o s i t i o n s  o f  t h e  s n a c k s  w e re  
s e le c te d  to  p r o v id e  4 0 0 —4 7 0  c a lo r ie s  w i th  in  
o n e  c a s e  a  h ig h  f a t ,  lo w  p r o t e in  m ix tu r e ;  in  
a n o t h e r  a  h ig h  c a r b o h y d r a t e ,  lo w  p r o t e i n  m ix 
t u r e ;  a n d  in  t h e  tw o  o t h e r  c a s e s  h ig h  p r o t e in  
c o n t e n t  w i th  d i f f e r in g  c o n t e n t s  o f  n a tu r a l  
L - g lu t a m ic  a c id .  T h e  c o m p o s i t i o n s  o f  th e  
s n a c k s  w e re  a s  f o l lo w s :
S n a c k  A : 5 0 g  c r e a m  c h e e s e ,  2  r y e  c r is p  c r a c k 

e r s ,  lO g  m a rg a r in e  a n d  1 5 0  m l t o m a t o  
ju ic e .

S n a c k  B ; 7 5 g  W e n s le y d a le  c h e e s e ,  2  r y e  c r is p  
c r a c k e r s ,  1 5 0  m l t o m a t o  ju ic e  ( m a r 
g a r in e  i f  d e s i r e d ) .

S n a c k  C : 7 5 g  G r u y e r e  c h e e s e ,  2  ry e  c r is p  
c r a c k e r s ,  1 5 0  m l t o m a t o  ju i c e  ( m a r 
g a r in e  i f  d e s i r e d ) .

S n a c k  D : 4  o a tm e a l  c o o k ie s ,  2 0 g  j e l ly  o r  m a r 
m a la d e ,  2  s a l t in e  c r a c k e r s ,  1 5 0  m l 
t o m a t o  ju i c e  ( m a r g a r in e  i f  d e s i r e d ) .

T h e s e  s n a c k s  p r o v id e d  c a lo r ie s ,  p r o t e i n  a n d
n a tu r a l L - g lu t a m ic a c id  in th e  f o l lo w in g
a m o u n t s :

C a lo r ie s P r o te i n L - g lu ta m ic
( A p p r o x ) (g ) a c id  (g )

S n a c k  A : 4 0 0 4 0 . 15
S n a c k  B: 4 2 0 2 8 5 .5
S n a c k  C : 4 7 0 35 7 .8
S n a c k  D : 4 4 0 6 0.2

E a c h  s n a c k  w a s  a d m in i s t e r e d  t o  e a c h  s u b je c t  
f o u r  t im e s :  o n  tw o  o c c a s io n s  t h e  t o m a t o  ju i c e  
c o n ta in e d  5 g  o f  M S G  a n d  o n  t h e  o t h e r  o c c a 
s io n s  t h e  j u i c e  w a s  l ig h t ly  s a l t e d  ( 0 .8 g  N a C l p e r  
1 5 0  m l)  t o  p r o v id e  a n  e q u iv a l e n t - t a s t e  p la c e b o .

RESULTS & DISCUSSION

RESPONSES RECORDED following the 
ingestion of either placebo juice or the 
juice containing MSG differed in no quali
tative way from those reported in the 
earlier study and included sensations of 
warmth or burning, stiffness or tightness 
(usually of face or neck), weakness of the 
limbs, pressure (usually of the head or

chest) and tingling. In addition there were 
reports of more general malaise or head
ache. The frequency of symptom occur
rence is recorded in Table 1. Snack des
ignations including the letter P indicate a 
snack in which the juice contained no 
added MSG. Snacks accompanied by the 
test dose of MSG have the designation M. 
The latency of symptom onset in this 
series is consistently longer than when 
MSG is administered in juice unaccom
panied by a snack (Kenney and Tidball, 
1972, Table 13). However, the wide vari
ability clouds the possible significance of 
this observation.

Snack A: 
Snack B: 
Snack C: 
Snack D: 

Previous series:

35 min ± 16 
32 min ± 12 
27 min ± 15 
34 min ± 14 
22 min ± 7

In the previous study (Kenney and 
Tidball, 1972) of the dose-reaction rela
tionship of these subjects a placebo re
sponse rate of 20% was obtained. It is 
apparent therefore that the ingestion, 
along with the placebo juice, of as much 
as 5g of natural L-glutamic acid in the 
form cf protein produces no additional 
response in this susceptible population. 
The slightly higher response seen with 
snack CP is not significantly different 
from the other placebo series. However, 
the response rate to snacks containing 5g 
of added MSG is significantly lower (P <  
0.01) in cases B, C and D than in the case 
of Snack A or the previously determined 
response to this dose of MSG given with
out a snack. This protection appears to be 
afforded equally well by high protein 
(and high natural L-glutamic acid) snacks 
(B and C) and high carbohydrate snacks 
(Snack D). However, the high fat snack A 
(which is also of low bulk) affords no 
protection.
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Table 1 —Frequency o f symptom occurrence

Snack3
No. of

administrations

No. of 
positive 

responses

Percentage 
of positive 
responses

AP 24 4 16.6%
AM 24 19 79.1
BP 22 3 13.6
BM 23 10 43.4
CP 23 6 26.1
CM 23 10 43.4
DP 24 5 20.8
DM 24 11 45.8

a P ind icates ju ic e  con ta ined  no added M SG ; M ind icates ju ic e  con 
ta ined  tes t dose o f  M SG.

studied earlier 32.5% reacted at the 5g 
level. In the present study giving a snack 
with the juice halved the frequency of 
symptom occurrence at the 5g level 
(Snacks B, C and D). Furthermore the 
dose-response characteristics of these sus
ceptible subjects indicates that at a more 
realistic level of perhaps lg or 2g, symp
tom occurrence following the ingestion 
of MSG in a snack would be no more 
frequent than in response to an equiva
lent flavor placebo.
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In practical terms this outcome would 
suggest that untoward symptoms will be 
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population even less frequently than was
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COM PARATIVE SENSORY EVALUATIONS OF TWO CULTIVATED MUSHROOM S:

A. bisporus AND A. b ito rquis

INTRODUCTION
DESPITE increasing worldwide consump
tion of cultivated mushrooms (presently 
about 1 billion lb), relatively few data on 
man’s preferences for this unique food 
are available. Although the number and 
diversity of fleshy fungi suitable for culti
vation are considerable (Gray, 1970; 
Singer, 1961) only three kinds of mush
rooms are of worldwide commercial 
importance. Agaricus bisporus, the so- 
called “cultivated” mushroom or cham
pignon, is the most important cultivated 
mushroom (600 million lb/yr). The other 
two mushrooms, the shiitake and the 
paddy straw mushroom, are produced 
primarily in Asia.

There is now interest in the cultivation 
of A. bitorquis, commonly called A. 
rodmani in the USA. Except for the 2- 
layered ring about the stem, A. bitorquis 
is quite similar in appearance to A. bi
sporus. Although A. bitorquis  probably 
closely resembles the ancestral form of 
the cultivated mushrooms (Singer, 1961), 
it has never been extensively cultivated. 
Using modern techniques, yields of A. 
bitorquis appear promising (Hasselbach 
and Mutsers, 1971; Poppe, 1971), and 
several cultural characteristics could be 
advantageous for production.

According to Smith (1963) mushroom 
hunters have long prized the excellent 
flavor and hard flesh of naturally occur
ring fruit of A. bitorquis', however, its 
acceptability to the average consumer of 
cultivated mushrooms is unknown.

Maaker (1971) summarizing the results 
of a preliminary study of storage and 
quality indicated that raw cultivated A. 
bitorquis  mushrooms had more flavor 
than those of A. bisporus; cooking reduced 
the flavor difference. Though no details 
or data were presented, Maaker further 
states that triangle tests (including a ques
tion on preference) did not indicate a 
clear preference for either mushroom but 
there was evidence of a slight preference 
for one A. bitorquis cultivar tested. Those 
tests were done in Holland; the attitudes 
of American consumers regarding these 
mushrooms are unknown.

Anticipating general introduction of 
A. bitorquis  as a new cultivated species, 
laboratory scale sensory evaluation of this 
mushroom was undertaken to learn: (1) 
Whether nontrained randomly selected 
persons could distinguish between A. 
bitorquis and the commercial white 
mushroom, A. bisporus; (2) In what ways 
these species were different in eating 
qualities, if any; and (3) The preference 
of those persons who were able to dis
tinguish the species. (Experiments in the 
cultivation of A. bitorquis are in progress 
at the U.S. Dept, of Agriculture in Belts
ville, Md. The strain used in these studies 
was American Type Collection (ATCC) 
#24559.)

EXPERIMENTAL
F R E S H L Y  H A R V E S T E D  m u s h r o o m s  o f  e a c h  
s p e c ie s  w e re  c le a n e d ,  s l ic e d  lo n g i tu d in a l ly  
a b o u t  5  m m  t h i c k ,  t h e n  c u t  i n t o  a p p r o x im a te ly  
10 m m  s q u a r e s  t o  c a m o u f la g e  s iz e  d i f f e r e n c e s .  
A b o u t  3 8  m u s h r o o m s  o f  v a r ie d  s iz e s  w e re  r e 
q u i r e d  f o r  e a c h  2 5 5 -g  s a m p le .

T h e  tw o  s a m p le s  w e r e  s im u l t a n e o u s ly  s a u 
te e d  f o r  5 m in  a t  2 0 4 °  C  in  e l e c t r i c  s k i l le ts  in  2 T  
b u t t e r  a n d  I T  c o r n  o i l  (B e c k  e t  a l . ,  1 9 6 1 )  t h e n  
v e ry  l ig h t ly  s a l t e d .  S k i l l e t s  w e re  a l t e r n a t e d  fo r  
s p e c ie s  t o  m in im iz e  p o s s ib le  d i f f e r e n c e s  in  t e m 
p e r a tu r e .  E a c h  s p e c ie s  w a s  d iv id e d  in to  10  p o r 
t io n s .  N o  a t t e m p t  w a s  m a d e  t o  r e c o r d  o r  c o n 
t r o l  t h e  t e m p e r a t u r e s  a t  t h e  t im e  o f  t a s t in g  
e x c e p t  t h a t  b o t h  s p e c ie s  w e re  h a n d le d  s im u l ta 
n e o u s ly .

P a n e l  f o r  d i s c r im in a t io n  
a n d  p r e f e r e n c e

31 p a n e l i s t s  ( 1 5  m e n  a n d  16  w o m e n )  w h o  
l ik e d  m u s h r o o m s  w e re  r e c r u i t e d  f r o m  th e  
U S D A  s t a f f .  A b o u t  h a l f  h a d  e x p e r i e n c e  in  e v a l 
u a t in g  p r o d u c e  o n  s e n s o ry  r a t in g  s c a le s  b u t  
n o n e  h a d  u s e d  t r i a n g le  t e s t s  o r  e v a lu a te d  m u s h 
r o o m s .  P a n e ls  w e r e  h e ld  in  a n  a i r - c o n d i t i o n e d  
r o o m  in  b o o t h s  w i th  r e d  l ig h t in g  t o  m a s k  c o lo r  
d i f f e r e n c e s .  P a n e l is ts  w e r e  g iv e n  th r e e  c o d e d  
s a m p le s  a n d  t o l d  t h a t  tw o  o f  t h e  t h r e e  s a m p le s  
w e re  id e n t i c a l  T h e y  w e r e  i n s t r u c t e d  t o  t a s t e  
s e v e ra l b i t e s  o f  e a c h  m u s h r o o m  s a m p le .  C o o l  
w a te r  w a s  p r o v id e d  f o r  r in s in g  b e tw e e n  s a m 
p le s .  P a n e l is ts  w e r e  a s k e d  to  i d e n t i f y  th e  o d d  
s a m p le ,  t o  i n d i c a t e  a  p r e f e r e n c e  f o r  th e  o d d  o r  
m a tc h e d  s a m p le s ,  a n d  to  s t a t e  w h a t  f a c to r s  
w e re  u s e d  t o  d is t in g u is h  th e  s a m p le s .  T h e y  w e re

i n s t r u c t e d  to  g u e s s  i f  t h e y  w e re  n o t  c e r t a in  o f  
t h e  d i f f e r e n t  s a m p le .

E a c h  s p e c ie s  o c c u p i e d  e a c h  p o s i t i o n  a s  o d d  
s a m p le  w i th  e q u a l  f r e q u e n c y .  In  t h e  s e c o n d  
r e p l i c a t e ,  e a c h  p a n e l i s t  r e c e iv e d  th e  o p p o s i t e  
a r r a n g e m e n t  o f  h is  f i r s t  s e t .  F o r  t h e  t h i r d  r e p l i 
c a t e ,  s a m p le s  w e re  r e a s s ig n e d  so  t h a t  t h e  o d d  
s a m p le  o c c u p i e d  a  d i f f e r e n t  p o s i t i o n  f r o m  th e  
p re v io u s  tw o  r e p l ic a te s .  T h e  n u m b e r  o f  c o r r e c t  
s e le c t io n s  n e c e s s a r y  f o r  s ig n i f ic a n c e  w a s  d e t e r 
m in e d  b y  x 2 a n a ly s i s  ( o r  t a b u l a r  v a lu e s  in  
A S T M , 1 9 6 8 ) .

P o s i t io n  e f f e c t

D u r in g  th e  t r i a n g le  t e s t s ,  t h e r e  a p p e a r e d  to  
b e  a  t e n d e n c y  to  f a v o r  t h e  s a m p le  t o  t h e  r ig h t  
s id e  a m o n g  th o s e  p a n e l i s t s  w h o  i n c o r r e c t l y  
i d e n t i f i e d  t h e  o d d  s a m p le .  I t  w a s  t h o u g h t  t h a t  
i f  p a n e l i s t s  t a s t e d  f r o m  l e f t  t o  r ig h t  (a s  m o s t  
d id )  a n d  w e re  u n a b le  t o  d i s t in g u is h  b e tw e e n  th e  
f i r s t  tw o  s a m p le s ,  t h e y  p e r h a p s  a s s u m e d  t h a t  
t h e  t h i r d  w a s  d i f f e r e n t  a n d  t h a t  t h e y  c o u ld  n o t  
t a s t e  th e  d i f f e r e n c e  b e c a u s e  o f  t h e  s t r o n g  f la v o r  
c a r r y o v e r .

A f t e r  c o m p le t io n  o f  t h e  d i f f e r e n c e  t e s t s  a n d  
w i th  n o  c h a n g e  in  p r o c e d u r e ,  17 r a n d o m ly -  
s e le c te d  p a n e l i s t s  w e r e  g iv e n  “ b l a n k ”  t r i a n g le  
s e ts  (a ll  t h r e e  s a m p le s  a l ik e ) .  E a c h  re c e iv e d  tw o  
b la n k  s e ts  o f  A. bisporus a n d  tw o  o f  A. bitor
quis, o n e  s e t  p e r  s e s s io n .

T h e  p a n e l i s t s  s h o w in g  s l ig h t  p o s i t i o n a l  
b ia s e s  e i t h e r  h a d  a ll  d i f f e r e n c e  s e ts  c o r r e c t  o r  
t h e i r  e r r o r s  d id  n o t  f o l l o w  th e  t r e n d s  d e m o n 
s t r a t e d  in  t h e  b l a n k  s e ts .  O v e ra l l ,  t h e r e  w a s  n o  
b ia s  f a v o r in g  a n y  o f  t h e  p o s i t i o n s  so  t h e  
d i f f e r e n c e - t e s t  d a t a  w e re  t r e a t e d  a c c o r d i n g  to  
t h e  s t a n d a r d  m e t h o d s  f o r  t r i a n g le  t e s t s  (A S T M ,
1 9 6 8 ) .

T e x t u r e  p r o f i l e

S ix  p e o p le  t r a i n e d  in  t h e  t e x t u r e  p r o f i l e  
m e t h o d  ( B r a n d t  e t  a l . ,  1 9 6 3 ;  S z c z e s n ia k  e t  a l . ,
1 9 6 3 )  e v a l u a t e d  s a m p le s  o f  b o t h  m u s h r o o m s  a t  
o n e  s e s s io n .

In  t h e  p r o f i l e  m e t h o d ,  p h y s ic a l  c h a r a c t e r i s 
t ic s  o f  s a m p le s  a r e  c o n s id e r e d  o n  t h e  i n i t i a l  
b i t e ,  d u r in g  c h e w in g ,  a n d  w h e n  th e  m a t e r i a l  is 
r e a d y  f o r  s w a l lo w in g .  Hardness ( t h e  f o r c e  r e 
q u i r e d  to  p e n e t r a t e  t h e  s a m p le  w i th  t h e  m o la r s )  
w a s  r a t e d  b y  d i r e c t  c o m p a r i s o n  w i t h  ( 1 )  c r e a m  
c h e e s e ,  (2 )  V e lv e e ta  c h e e s e ,  ( 3 )  f r a n k f u r t e r ,  ( 4 )  
A m e r ic a n  c h e e s e ,  ( 5 )  g i a n t  g r e e n  o l iv e  a n d  ( 6 )  
p e a n u t .  T h e  d i f f e r e n c e s  b e tw e e n  a n c h o r e d  
p o in t s  a r e  g r e a t  e n o u g h  to  b e  r e l i a b ly  s u b 
d iv id e d  b y  t h e  p a n e l i s t s .  C h e w in e s s  w a s  d e f in e d  
a s  n u m b e r  o f  c h e w s  t o  p r e p a r e  t h e  s a m p l e  f o r  
s w a llo w in g .  V e rb a l  d e s c r ip t i o n s  a n d  r e la t iv e  
in t e n s i t i e s  w e r e  g iv e n  f o r  f a c t o r s  f o r  w h ic h  
a n c h o r e d  r a t in g  s c a le s  w e re  n o t  e s t a b l i s h e d .
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Table 1—Success in discrim inating between 
A. bisporus and A. bitorquis in triangle tests

Replicate Correct Incorrect Total

1 22 9 31
2 20 11 31
3 18 4 22

All 60 24 84

Table 2—Preferences of 
species3 (numbers o f panelists)

panelists who correctly distinguished

Replicate
Preferred 

A. bisporus
Preferred 

A. b itorquis
No

preference
Total

correct

1 11a 10ab 1d 22
2 10ab 7 be 3d 20
3 11a 3d 4c d 18

All 32y 20yz 8z 60

a N um bers n o t fo llo w e d  by the  same le tte rs  are s ig n ific a n tly  d iffe re n t 
a t the  0.001 level.

RESULTS & DISCUSSION

Discrimination
Of the 84 judgments (Table 1), 60 

correctly identified the odd sample (sig
nificant at the 0.001 level), indicating 
that the species are readily distinguish
able. Differences within each replication 
were also significant at the 0.001 level.) 
About half of the panelists correctly dis
tinguished the species in all three triangle 
sets; only three panelists were wrong in 
all sets. 38% of the correct discrimina
tions indicated use of both flavor and 
texture; 37%, flavor alone; 23%, texture 
alone. Of the incorrect responses, 68% 
indicated that flavor alone was used. 
These figures suggest that while the two 
species differ in both flavor and texture, 
there might be a flavor factor to which 
some people may be relatively insensitive 
or perhaps the flavors are simply strong 
enough to desensitize some panelists 
before a judgment can be made.
Preference

Of the 60 correct discriminations 
(Table 2), one-half indicated a preference 
for the cultivated mushroom A. bisporus 
and one-third, for A. bitorquis. Seven 
panelists (21 discriminations) consistently 
preferred A. bisporus and only two panel
ists (6 discriminations), A. bitorquis. The 
remainder indicated either no preference 
or alternated choices, indicating that they 
had no strong preference. Four panelists

expressed a strong dislike for A. bitorquis 
because of an objectionable flavor. Sev
eral indicating preference for A. bisporus 
or no preference commented that A. 
bitorquis was somewhat too strongly fla
vored as a sauteed mushroom but would 
probably be good as flavoring ingredient 
with other foods.

The number preferring A. bitorquis 
decreased during the replications. It is not 
known whether this is a result of changes 
in the panelists’ tastes or changes in the 
mushrooms with increasing mycelial age.
Texture profiles

Analysis of the first bite indicated that 
A. bitorquis was harder than A. bisporus. 
Although both were between American 
cheese and olive on the hardness scale, 
differences within this span can be re
liably detected and are of practical signifi
cance. A. bitorquis was rubbery, non- 
uniform and slightly tough. A. bisporus 
was slightly rubbery but clean-cutting and 
even-textured.

During chewing, A. bitorquis was 
appreciably more chewy, fibrous and 
crisp than A. bisporus. A. bitorquis broke 
down into less distinct pieces but took 
about 20 chews to prepare for swallow
ing, whereas A. bisporus only required 16 
chews. Both mushrooms were slippery 
but A. bitorquis seemed less slippery by 
the time of swallowing.

A. bisporus was buttery and very 
slightly astringent. A. bitorquis was more

astringent and had a brothy flavor. They 
appeared about equal in juiciness. 
Observations

When sauteed, A. bisporus had a 
grayish-tan color. A. bitorquis  had a dis
tinctly pinkish-tan color. The specific 
differences in flavor were beyond the 
scope of these panels but from the com
ments panelists made, there were differ
ences in flavor notes as well as in inten
sities. Although no tests were made of 
processed mushrooms, canning might 
change the flavor and affect the accept
ability. Scraps of the mushrooms left in 
the skillets during panel sessions were 
sampled by the experimenters after about 
10 min, and while A. bisporus had con
tinued to soften, A. bitorquis  was still 
firm and slightly crisp. This could be a 
very desirable characteristic for mush
rooms to be processed or to be included 
in foods requiring longer cooking periods, 
such as soups and casseroles.
Summary

Of the 84 responses, 32 favored A. 
bisporus and 20 favored A. bitorquis: the 
remaining 32 either were incorrect or 
indicated no preference. These figures 
could be of importance to food manu
facturers considering the use of A. bitor
quis in their products but it must be re
emphasized that these data represent only 
31 people.
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D IFFER EN TIA TIO N  OF PER FEC TIO N , ALSW EET AND ALASKA 

V A R IET IES BY TOTAL STARCH AND AMYLOSE CONTENT

INTRODUCTION

FOOD AND DRUG standards of identity, 
quality and fill for canned peas as well as 
the US grades distinguish between two 
separate pea types: the smooth skinned 
Alaska varieties (early type) arid the 
sweet wrinkled varieties (sweet type). The 
alcohol-insoluble solids (A1S) and specific 
gravity values for a given grade differ in 
the two types (Anonymous, 1972).

In the dry state (seed) the two types 
are easily identified. The early type ex
hibits a smooth skin and simple oval 
starch granules, while the sweet type has 
a wrinkled surface and the starch gran
ules contain radical crevices giving them 
the appearance of composite granules. 
Crosses between the two types are more 
difficult to identify since they exhibit 
characteristics of both types. The popular 
Alsweet cross exhibits the wrinkled skin 
of the sweet type yet its starch granule 
resembles the configuration of the early 
type. These identifying characteristics 
enable differentiation between the three 
varieties in the seed stage. However, in 
the raw or processed stage, differences in 
skin characteristics are not apparent and 
therefore, differentiation between varie
ties, because of crosses, is impossible.

Thung and Gersons (1966) developed 
a simple microscopic examination to dis
tinguish between early type (Alaska) and 
sweet type (Perfection) peas after proc
essing. The method is based on the shape 
of the swollen starch granules which dif
fer in the two types. The method, how
ever, cannot distinguish between crosses 
of the two types (e.g. Alsweet). This dif
ficulty in identifying varieties has resulted 
in some lots being incorrectly graded, 
since in the grading of peas the packers 
identification of the type being graded 
must be accepted.

The amylose content of peas has been 
the subject of several investigations. Great 
differences in the amylose content of the 
starch exist between early and sweet type 
peas. McCready et al. (1950) reported the 
amylose content in starch of sweet type 
peas and early type peas as 69.0 and 
37.0%, respectively. Similar results have 
been reported by Hilbert and MacMasters
(1946), Potter et al. (1953), Williams et 
al. (1970) and Thung (1970). Kooistra
(1962) indicated that there is consider

able difference in the raw state between 
all three types mentioned with regard to 
amylose content. His analysis gives an 
average (and range) amylose content of 
37.9% (35.5-41.1) for early type peas, 
65.4% (58.9—68.1) for the sweet type 
peas, and 24.4% (24.2-24.6) for Cennia 
and Alsweet varieties. These data would 
indicate that in the raw state the three 
types can be distinguished according to 
the percent amylose in starch.

Thung (1970) worked with processed 
peas of the different types and sizes, and 
concluded that the amylose content in
creased with size and that within a spe
cific size classification the types of peas 
could be distinguished. The range in per
cent of amylose content in starch of 
early, sweet and Cennia peas of the size
7.5—8.2 mm (approximately size 3) was
19.9-28.3, 38.6-45.9 and 12.7-18.5, 
respectively.

It is the purpose of this paper to deter
mine if the amylose and total starch con
tent could be used to distinguish between 
Perfection, Alaska and Alsweet varieties 
with known sizes and tenderometer read
ings grown in Wisconsin.

EXPERIMENTAL
C O M M E R C IA L L Y  c a n n e d  p e a  s a m p le s  w e re  
o b t a i n e d  o f  k n o w n  v a r ie t ie s  a n d  t e n d e r o m e te r  
r e a d in g s .  T h e  v a r ie t ie s  i n c lu d e d  P e r f e c t io n  
( s w e e t  t y p e ) ,  A la s k a  ( s m o o th  t y p e )  a n d  A l
s w e e t  ( i n t e r m e d i a t e  t y p e ) .  T h r e e  l o t s  w i th  t h r e e  
s a m p le s  f o r  e a c h  v a r ie ty  w e re  a n a ly z e d .

M o is tu r e  a s  w e ll  a s  A IS  c o n t e n t  w e re  d e t e r 
m in e d  a c c o r d in g  to  t h e  p r o c e d u r e s  o u t l i n e d  in  
th e  Laboratory Manual for Food Canners and

Processors (N C A , 1 9 6 8 ) .  T h e  m e t h o d  b y  
M c C re a d y ,  1 9 7 0  w a s  u s e d  to  d e t e r m i n e  th e  
t o t a l  s t a r c h  c o n t e n t .

T o  d e t e r m in e  t h e  p e r c e n t  a m y lo s e ,  p u r e  p e a  
a m y lo s e  w a s  p r e p a r e d  b y  e x t r a c t i n g  1 5 0 g  o f  
A IS  p o w d e r  w i th  0 .2 %  N a O H . T h e  s a m p le  w a s  
r e e x t r a c t e d  u n t i l  t h e  f i l t r a t e  s h o w e d  a n e g a t iv e  
B iu r e t  r e a c t io n .  T h e  s ta r c h  p a s t e  w a s  w a s h e d  
w i th  d i s t i l l e d  w a te r  u n t i l  f r e e  f r o m  a lk a l i .  T h e  
s a m p le  w a s  t h e n  e x t r a c t e d  5 t im e s  w i t h  h o t  
9 5 %  e t h a n o l  t o  r e m o v e  f a t t y  m a te r i a l s .  T h e  
r e s id u e  w a s  d r ie d  a t  7 0 ° C  in  a  v a c u u m  o v e n .

A  m i x t u r e  o f  1 ,4 0 0  m l o f  d i s t i l l e d  w a te r ,  
2 0 0  m l o f  b u t a n o l  a n d  5 0  m l  o f  i s o a m y l  a lc o h o l  
w a s  h e a t e d  t o  b o i l in g  o n  a  s te a m  b a t h  a n d  a  
s u s p e n s io n  o f  5 0 g  o f  d e f a t t e d  p e a  s t a r c h  in  1 5 0  
m l o f  d i s t i l l e d  w a t e r  w a s  s lo w ly  a d d e d  w i th  
m e c h a n ic a l  s t i r r i n g .  T h e  m i x t u r e  w a s  a u t o 
c la v e d  f o r  2  h r ,  c e n t r i f u g e d ,  a n d  t h e  h o t  s u p e r 
n a t a n t  s lo w ly  c o o le d  t o  r o o m  t e m p e r a t u r e  b y  
w r a p p in g  th e  c o n t a i n e r  w i th  t h i c k  i n s u la t in g  
c lo th  a n d  w a s  c e n t r i f u g e d  a f t e r  3 6  h r .  T h e  
a m y lo s e  p r e c i p i t a t e  w a s  p u r i f i e d  b y  r e p e a t e d  
( f iv e  t im e s )  p r e c i p i t a t i o n  f r o m  a  w a te r ,  b u t a n o l  
a n d  i s o a m y l  a lc o h o l  m i x t u r e  ( S c h o c h ,  1 9 4 2 ,  
1 9 4 5 ;  W ilso n  e t  a l . ,  1 9 4 3 ) .

A  s t a n d a r d  t i t r a t i o n  c u rv e  f o r  a m y lo s e  as 
w e ll  a s  t h e  a m y lo s e  c o n t e n t  w e re  d e t e r m i n e d  
a c c o r d in g  to  t h e  m e t h o d  b y  T h u n g ,  1 9 7 0 .

RESULTS & DISCUSSION
TABLE 1 presents data of the total starch 
content and the percent amylose in starch 
of canned peas of the varieties: Perfec
tion, Alsweet and Alaska of sieve sizes 1, 
3 and 5. The high percent of amylose in 
starch in Perfection peas in all sizes read
ily distinguishes it from the other two 
varieties. The lowest amylose content in 
starch in Perfection peas was 43.3% while 
maximum amylose content observed in

Table 1—Starch and amylose content o~ canned peas o f sieve size 1,3 and 5

Variety
Sieve
size

Starch %a Amylose % in starch

Average Range Average Range

Perfection 1 — — _ __

3 44.3 4 2 .8 -4 5 .5 48.2 4 3 .3 -5 4 .6
5 43.4 42.8-44.1 67.0 6 6 .2 -6 8 .0

Alsweet 1 30.8 - 15.8 __

3 41.7 3 9 .0 -43 .7 17.0 14 .9 -18 .9
5 44.1 43 .2 -47 .7 20.1 18 .7 -22 .0

Alaska 1 51.2 4 8 .2 -5 4 .2 20.9 2 0 .6 -2 1 .3
3 57.3 55 .8 -60 .3 21.5 1 9 .1 -20 .0
5 64.7 58 .7-65 .3 24.2 2 3 .5 -2 5 .5

a Percent ca lcu la ted  on d ry  basis
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Table 2—Starch and amylose content o f canned peas o f various Tenderometer reading ranges

Variety

Tenderometer 
reading 

raw peas
Sieve
sizes

Starch %a Amylose % in starch
Average Range Average Range

Perfection 100 -1 1 5 2.3,4 42.1 3 4 .7 -47 .7 65.4 59 .2 -69 .3
125 -1 5 0 3,4,5 45.2 42.5—48.2 63.7 62 .1 -7 2 .3

Alaska 8 5 -9 5 1,2 51.2 4 8 .2 -5 4 .2 21.0 20 .6 -21 .3
140 -1 7 0 4,5 64.6 58 .7 -70 .0 24.1 2 3 .4 -2 5 .5

Alsweet 8 5 -9 5 1,2,3 36.3 3 5 .6 -40 .5 16.3 15 .8-17 .4
100 -1 2 0 2,3,4,5 41.5 3 6 .7 -43 .8 19.5 17 .6 -21 .6
125 -1 5 0 3,4,5 46.7 4 5 .5 -47 .7 21.2 19 .5 -22 .6

a Percent ca lcu la ted on d ry  basis

the Alsweet or Alaska varieties was 25.5. 
The amylose content in starch in Alsweet 
and Alaska varieties is very similar, and 
thus does not serve as an identifying char
acteristic. However, there exists a differ
ence in the total starch content within a 
size classification of these two varieties. 
For example, within size 3 for Alaska and 
Alsweet the minimum and maximum 
present total starch values differ by 12 
percentage points. A similar relationship 
exists in the other sizes studied. Thus 
within a size classification the three var
ieties can be identified by comparison of 
the percent starch content and the per
cent amylose in starch.

Thung (1970) studying smooth, wrin
kled and Cennia varieties observed suffi
cient differences in amylose content in 
starch within a size classification to 
permit differentiation between these var
ieties. Although Alsweet has been con
sidered a type of Cennia (Kooistra, 
1962), the results of this study show that 
the amylose content in starch of Alsweet 
peas is the lowest among varieties. There 
is an overlap in the range of amylose 
content between Alsweet and Alaska 
varieties. Thus, the amylose content in 
starch alone within a size may not be 
conclusive in distinguishing these two 
varieties.

Since peas are often canned as mixed 
sizes, size classification as a means of 
grouping for differentiation between 
varieties no longer is useful. Therefore, a

study was made to determine whether a 
tenderometer reading classification would 
provide a workable grouping. The results 
of this study are shown in Table 2. The 
high amylose content in starch of Perfec
tion peas again readily distinguishes the 
sweet type from the other two types. 
Alaska, and Alsweet varieties could be 
distinguished within similar tenderometer 
ranges by percent starch content. Alaska 
variety had a greater percent starch con
tent compared to the Alsweet variety and 
the ranges did not overlap. The amylose 
content in starch again was lowest in the 
Alsweet variety, however, there was not 
sufficient difference in content between 
the two varieties to allow for differen
tiation.

This study has shown that the :hree 
varieties can be distinguished within a size 
or tenderometer value grouping when 
percent starch and percent amylose con
tent in starch are known. In both group
ing systems, the high amylose content of 
Perfection variety distinguishes it from 
Alaska and Alsweet varieties. The Alaska 
variety may be distinguighed from Al
sweet variety by total starch content.
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FLUORESCENT QUANTITATION OF BIOLOGICALLY ACTIVE AMINES IN FOODS 

WITH 7-CHLORO-4-NITROBENZOFURAZAN (NBD-CI)

INTRODUCTION
TOXEMIAS resulting from the ingestion 
of fermented foods containing biological
ly active amines have been reported 
(Asatoor et ah, 1963). The illnesses have 
been especially noted in patients treated 
with monoamine-oxidase inhibitors which 
block the pathway for catabolism and 
inactivation of the amines after ingestion 
(Horwitz et ah, 1964). Cheese containing 
high levels of amines such as tyramine 
and histamine has been the dietary factor 
most commonly incriminated for physio
logical reactions in association with 
monoamine-oxidase inhibitor treatment.

The separation and quantitation of 
these amines has usually consisted of 
thin-layer chromatography for the separa
tion followed by specific chromagenic 
chemical reactions for quantitation. Rea
gents forming fluorescent derivatives with 
the amines have found wide usage for 
quantitation (Creveling and Daly, 1971). 
Many chromogenic reagents previously 
available for forming fluorescent deriva
tives have possessed a limited flexibility 
to produce quantitative conjugates under 
simple experimental conditions with a 
variety of amines differing in their basic 
molecular structure.

As a part of a study to identify and 
quantitate biologically active amines in 
various foods, several fluorescent chro
magenic reagents were examined. The 
compound 7-chloro-4-n_trobenzofurazan 
(NBD-CI), previously described by Ghosh 
and Whitehouse (1968) and Reisch et al.
(1969) as having potential as a fluoro- 
metric quantitative reagent for amines 
and amino acids, was included in the 
study. Information regarding the use of 
NBD-CI for analysis of biologically ac
tive amines has been scanty. However, 
the reagent has previously been shown to 
be superior to dansylchloride, since it is 
nonfluorescent itself, has greater stability 
toward moisture, and fluoresces in the 
visible region at 464 nm, thus quartz cells 
are not required for quantitative deter
m inations (G hosh and Whitehouse, 
1968). This note describes the use of 
NBD-CI for the quantitation of biological

ly active amines, and evaluates the rea
gent in comparison to other commonly 
used detection reagents.

EXPERIMENTAL

Thin-layer chromatography
G la ss  p la te s  ( 2 0  X 2 0  c m )  w e re  c o a t e d  w i th  

a  2 5 0 m l a y e r  o f  s i l ic a  g e l (K ie s e lg e l  G , M e rc k ,  
D a r m s ta d t ,  B r in k m a n  I n s t r u m e n t s ,  W e s tb u r y ,
N .Y .) .  T h e  la y e r  w a s  a p p l i e d  a s  a  s lu r r y  c o n s i s t 
in g  o f  3 0 g  o f  s i l ic a  g e l s u s p e n d e d  in  7 0  m l  o f  
d i s t i l l e d  w a te r .  T h e  p la te s  w e r e  d r ie d  in  a n  o v e n  
a t  1 0 0 ° C  f o r  1 - 2  h r  a n d  s to r e d  in  a  d e s ic c a to r  
u n t i l  u s e d .  T h e  p la te s  w e re  r e a c t iv a t e d  a t  1 0 0 ° C  
f o r  3 0  m in  i m m e d ia t e ly  b e f o r e  u s e .  A m in e s  a n d  
a m in o  a c id s  u s e d  in  t h e  s t u d y  w e r e  a l l  o b t a in e d  
f r o m  c o m m e r c ia l  s o u rc e s .  S o lu t io n s  o f  t h e  c o m 
p o u n d s  in  w a t e r : a c e t o n e  ( 2 :1  v /v )  w e r e  a p p l ie d  
2 c m  f r o m  th e  b a s e  o f  t h e  p la te s  w i t h  q u a n t i t a 
t iv e  c a p i l l a r y  p ip e t t e s .  T h e  s o lv e n t  s y s te m  u s e d  
c o n s i s te d  o f  C H 3 C l :C H 3 O H :N H 4 O H  ( 1 2 : 7 : 1 ) .  
T r e a t m e n t  o f  t h e  p l a t e s  a f t e r  d e v e l o p m e n t  
v a r ie d  w i th  t h e  d i f f e r e n t  d e t e c t i o n  m e th o d s  
e m p lo y e d .

Detection reagents
O r th o - p h t h a l d e h y d e  (O P T ,  N u t r i t i o n a l  B io 

c h e m ic a l  C o r p . )  d e r iv a t iv e s  w e re  p r e p a r e d  f o l 
lo w in g  th e  p r o c e d u r e  o f  A u re s  e t  a l.  ( 1 9 6 8 ) .  
T h e  p l a t e s  w e r e  d r ie d  c a r e f u l ly  f o l lo w in g  d e v e l
o p m e n t  to  i n s u r e  c o m p le t e  r e m o v a l  o f  a m 
m o n ia  a s  t h e  r e a g e n t  w ill f o r m  a  f l u o r e s c e n t  
d e r iv a t iv e  w i th  a n y  r e s id u a l  a m m o n ia .  A f te r  
d r y in g ,  t h e  p la te s  w e re  s p r a y e d  w i th  a  s o lu t io n  
o f  g la c ia l  a c e t i c  a c id  in  a c e t o n e  ( 1 :1 0 0  v /v )  a n d  
a ir  d r i e d  f o r  5  m in  b e f o r e  b e in g  s p r a y e d  w i th  
a c e t o n e  c o n ta in in g  0 .0 2 %  O P T . T h e  p la te s  w e re  
v ie w e d  e i t h e r  a f t e r  3 0  m in  u n d e r  u l t r a v io l e t  
( 3 6 5  n m )  f o r  t h e  p r e s e n c e  o f  h i s t a m in e  o r  w e re  
a ir  d r i e d  a n d  e x p o s e d  t o  p a r a - f o r m a l d e h y d e  
f u m e s  a t  8 0 ° C  f o r  1 h r .  T h e  h i s ta m in e - O P T  
c o n ju g a te s  r e q u i r e d  th e  l a t t e r  t r e a t m e n t  fo r  
m a x im u m  U V  f lu o r e s c e n c e .

T h e  N B D - c h lo r id e  (A ld r ic h  C h e m ic a l  C o .,  
A t l a n t a ,  G a .)  d e r iv a t iv e s  w e re  s im p le r  t o  p r e 
p a r e .  A f t e r  o v e n - d r y in g  ( 1 - 2  h r  a t  5 5 ° C ) ,  th e  
d e v e lo p e d  p la te s  w e re  s p r a y e d  w i th  a  f r e s h ly  
p r e p a r e d  0 .0 2 %  N B D - c h lo r id e - m e th a n o l  s o lu 
t i o n  a n d  a l lo w e d  to  s e t  f o r  2 4  h r  a t  2 5 ° C . T h e  
p la te s  w e re  th e n  e x a m in e d  u n d e r  U V  l ig h t .

E t h y le n e  d ia m in e  (E D ,  E a s tm a n  O rg a n ic  
C h e m ic a ls ,  R o c h e s t e r ,  N .Y .)  d e r iv a t iv e s  w e re  
f o r m e d  a c c o r d in g  to  th e  m e t h o d  o f  S c h n e id e r  
a n d  G ill is  ( 1 9 6 5 ) .  T h e  s p r a y  r e a g e n t  c o n s i s te d  
o f  e t h y l e n e  d ia m in e ,  5 m l;  p o ta s s iu m  f e r r ic y a -  
n id e ,  O .lg ;  a b s o lu t e  e t h a n o l ,  4 5  m l ;  a n d  d i s 
t i l l e d  H 2 0 ,  5 0  m l.  T h e  p la te s  w e re  v ie w e d

u n d e r  U V  a f t e r  2 4  h r  a t  2 5 °  C  o r  a f t e r  2 0  m in  a t  
55°C.

D e r iv a t iv e s  w i t h  l - f l o r o - 2 - 4 - d i n i t r o b e n z e n e  
(F D N B ; E a s tm a n  O r g a n ic  C h e m .)  w e r e  p r e 
p a r e d  fo l lo w in g  th e  s a m e  p r o c e d u r e  t h a t  w a s  
u s e d  fo r  t h e  E D  r e a g e n t ,  e x c e p t  t h a t  t h e  s p r a y  
w a s  0 .0 4 %  F D N B  in  e t h a n o l .

N ir .h y d r in  ( J .T .  B a k e r ,  P h i l l ip s b u r g ,  N .J . )  
d e r iv a t iv e s  w e re  p r e p a r e d  b y  s p r a y in g  t h e  d r i e d ,  
d e v e lo p e d  p la te s  w i th  a  n in h y d r i n  s o l u t i o n  
( 0 .3 g  o f  n i n h y d r i n ,  1 0 0  m l o f  n - b u t a n o l  a n d  3 
m l  o f  a c e t i c  a c id )  f o l l o w e d  b y  h e a t i n g  f o r  1 0  
m in  a t  1 1 0 ° C .

Evaluation of detection reagents
T h e  d e t e c t i o n  r e a g e n t s  w e re  e v a l u a t e d  b y  a 

q u a l i t a t i v e  s e n s i t iv i ty  s u rv e y .  T h e  N B D -C I r e a 
g e n t  w a s  f u r t h e r  e x a m in e d  b y  s tu d y i n g  th e  
q u a n t i t a t i v e  b e h a v io r  o f  t y r a m i n e ,  t r y p t a m i n e  
a n d  h i s ta m in e  d e r iv a t iv e s .  F o r  t h e  q u a l i t a t i v e  
s t u d y ,  1 3  a m in e s  a t  c o n c e n t r a t i o n s  r a n g in g  
f r o m  0 . 1 - 1 0 . 0  Mg w e re  a p p l ie d  t o  T L C  p la te s  
a n d  c h r o m a to g r a p h e d .  A f te r  d e v e l o p m e n t ,  t h e  
a m in e s  w e re  m a d e  v is u a l  b y  th e  p r o c e d u r e s  
m e n t i o n e d  p r e v io u s ly .

F o r  t h e  q u a n t i t a t i v e  N B D -C I s t u d y ,  k n o w n  
c o n c e n t r a t i o n s  o f  t y r a m i n e ,  t r y p t a m i n e  a n d  
h i s ta m in e  ra n g in g  f r o m  0 - 2 . 5  m g /g  s a m p le  
w e re  s p ik e d  in t o  a  C h e d d a r  c h e e s e  c o n ta in in g  
n e g lig ib le  a m o u n t s  o f  t h e  t h r e e  a m in e s .  T h e  
a m in e s  w e r e  e x t r a c t e d  b y  t h e  m e t h o d  o f  L o v e n -  
b u r g  a n d  E n g e lm a n  ( 1 9 7 1 )  a n d  b y  t h e  p r o c e 
d u r e  o f  B la c k w e ll  a n d  M a b b i t t  ( 1 9 6 5 ) .  T h e  e x 
t r a c t s  o b t a in e d  f r o m  t h e  c h e e s e  w e r e  s p o t t e d  
d i r e c t l y  o n  T L C  p la te s ,  c h r o m a t o g r a p h e d ,  a n d  
N B D -C I d e r iv a t iv e s  f o r m e d .  T h e  f l u o r e s c e n t  
a m in e  s o o t s  w e re  s c r a p e d  f r o m  th e  p la te s  a n d  
e lu te d  f r o m  t h e  s il ic a  gel w i th  5 .0  m l o f  e t h y l  
a c e t a t e .  T h e  s i l ic a  g e l - e th y l  a c e t a t e  m i x t u r e  w a s  
a g i t a t e d  o n  a  V o r te x - G e n ie  f o r  f o u r  3 0 -s e c  i n 
te rv a ls  o v e r  a  1 0 -m in  p e r io d  a n d  c e n t r i f u g e d  f o r  
15  m in  a t  5 0 0 0  X G  to  r e m o v e  t h e  s u s p e n d e d  
s il ic a  g e l.  F lu o r e s c e n t  m e a s u r e m e n t s  w e r e  d e t e r 
m in e d  o n  a  T u r n e r  1 1 0  F l u o r m e t e r  w i th  a  p r i 
m a r y  f i l t e r  N o . 7 -6 0  ( 3 6 5  n m )  a n d  a  s e c o n d a r y  
f i l l e r  N o . 4  ( 4 6 5  n m )  (G .K .  T u r n e r  A s s o c .,  P a lo  
A l to ,  C a l i f . ).

RESULTS & DISCUSSION
THE DATA in Table 1 represent the qual
itative evaluation of four of the detection 
reagents. Ninhydrin and FDNB do not 
form fluorescent derivatives but were in
cluded in the study because of their use
fulness as qualitative detection reagents. 
Lower limits of detectability were not 
determined for FDNB which formed visi-

420—JOURNAL OF FOOD SCIENCE-Volume 39 (1974)



BIOLOGICALLY ACTIVE AMINES IN FOODS- 4 2 1

Table 1—Comparative evaluation o f m inimal detectable quantities 
(pg) o f several amines as determined by d iffe ren t chromogenic reagents 
on TLC

M inim um  lim its  o f detectab ility  (pg)

Compound tested NBD OPT ED N inhydrin

Gamma-amino-butyrate 0.1 Fa 1.0 F NDb 0.1 NF
Cadaverine 0.4 F 0.6 NFa 0.1 F 0.4 NF
Putrescine 0.1 F 0.4 F 0.1 F 0.1 NF

5-m ethyl-tryptam ine 1.0 F 0.6 F 0.6 F 0.6 NF
Serotonin 4.0 NF 0.1 F 0.1 F 4.0 NF
3-hydroxy-tyram ine 0.1 F 0.1 NF 0.1 F 0.4 NF
DL-octopamine 1.0 F 0.1 F 1.0 F 1.0 NF

DL-artenol 0.1 F 0.1 NF 0.1 F 1.0 NF
Tyramine 0.4 F 6.0 NF 1.0 F 1.0 NF
Tryptamine 0.4 F 0.1 F 4.0 F 0.4 NF
Histamine 0.1 F 0.6 F 1.0 NF 0.4 NF

a F luo resc en t (F ) ;  n o n flu o re s c e n t (N F ) 
b No v is ib le  d e riva tive  fo rm e d  (N D )

Fig . 1 —R e la tio n s h ip  b e tw e e n  flu o re sce n ce  a n d  

ty ra m in e , t r y p ta m in e  a n d  h is ta m in e  c o n c e n tra 

t io n s  us in g  N B D -C ! as th e  d e te c t io n  reagen t.

ble yellow derivatives with all of the com
pounds at a level of 10 /ug/spot. Ninhy
drin was effective at concentrations down 
to 0.1 /rg for many of the amines and was 
as sensitive in this respect as the fluores
cence-inducing reagents.

The lower levels of detectability for 
NBD-C1 derivatives extended down to 0.1 
jUg/spot. The only compound which did 
not form a fluorescent derivative with 
NBD-C1 was serotonin. The limit of de
tectability of NBD-C1 with cadaverine, 
putrescene, tyramine, tryptamine and his
tamine, which comprise some of the more 
commonly found amines in fermented 
products, ranged from 0.1—0.4 /Ug/spot. 
Both OPT and ED formed excellent fluo
rescent derivatives with the majority of 
the amines. However, OPT does not form 
a fluorescent derivative with cadaverine 
and tyramine. Likewise, ED does not 
form a fluorescent derivative with hista
mine. In this respect, NBD-C1 seems to be 
advantageous for use where a single detec
tion reagent is desired for quantitation 
covering a broad spectrum of amines.

Standard curves prepared for tyra
mine, tryptamine and histamine following 
extraction from cheese, TLC separation, 
and derivatization with NBD-C1 are 
shown in Figure 1. Histamine fluores
cence was linear over a higher concentra
tion range than was noted for tryptamine 
and tyramine. The fluorescence response 
for tryptamine decreased markedly from 
1 mg to 1.8 mg tryptamine/g cheese. The 
tyramine derivative gave a sharp increase 
in measured fluorescence response over 
the range of amine concentrations used. 
NBD-C1 derivatives have been used suc
cessfully in our laboratory to quantitate 
biologically active amine content of Ched
dar cheese, and this simple to prepare 
derivative should be considered as a use
ful tool for amine quantitation.
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A Research Note
TRYPSIN INHIBITORS IN SORGHUM  GRAIN

INTRODUCTION
SORGHUM GRAIN is one of the most 
important crops in the world. This cereal 
plant is cultivated on all six continents, 
and widely used as food in Africa and 
Asia. In Western countries the grain is 
used as feed and the whole plant used as 
forage (Wall and Ross, 1970).

Although highly praised as a cereal 
food in India, the nutritional value of sor
ghum grain is less than that of maize and 
barley. The amino acid composition of its 
proteins shows deficiency in lysine, threo
nine, methionine and tyrosine, and their 
digestibility is less than that of other 
cereal grain proteins. The reason for this 
low digestibility is not known (Wall and 
Ross, 1 970).

Although the involvement of trypsin 
inhibitors in the determination of the 
nutritional quality of a vegetable protein 
food has not been established (Liener and 
Kakade, 1969) it was thought of value to 
know whether sorghum seeds have tryp
sin inhibiting activity. These substances, 
known before to be present only in legu
minous seeds, have been shown to have a 
more widespread distribution. They have 
been found in several botanical families 
and among cereals, in maize, wheat, bar
ley, rye, oats, buckwheat and rice (Liener 
and Kakade, 1969; Mikola and Suolinna,
1969).

Evidence for the presence of trypsin 
inhibitors in sorghum seeds is reported in 
this paper.

EXPERIMENTAL
E x t r a c t i o n

S o r g h u m  s e e d s  (Sorghum bicolor L. 
M o e n c h )  w e re  g r o u n d  to  a  f in e  p o w d e r  in  a  
W iley  m il l .  lO g  o f  t h i s  p o w d e r  w e re  e x t r a c t e d  
f o r  1 h r  w i th  5 0  m l o f  d i s t i l l e d  w a te r  w i th  
o c c a s io n a l  s t i r r i n g .  T h e  s lu r r y  w a s  f i l t e r e d  
th r o u g h  c h e e s e  c l o t h  a n d  c e n t r i f u g e d  a t  8 ,0 0 0  
x  G  f o r  2 0  m in  in  t h e  c o ld .  T h e  c le a r  s u p e r 
n a t a n t  w a s  s a v e d  f o r  f u r t h e r  a n a ly s is .

P r o te i n  a n d  t r y p s in  i n h ib i t i n g  ( T I )  
a c t iv i ty  d e t e r m i n a t i o n

T h e  m ic r o  b i u r e t  m e t h o d  o f  G o a  ( 1 9 5 3 )  w a s  
u s e d  t h r o u g h o u t  t h e  w o r k  f o r  t h e  d e t e r m i n a 
t i o n  o f  p r o t e i n  c o n c e n t r a t i o n s .

T h e  t r y p s i n  i n h ib i t i n g  ( T I )  a c t iv i ty  w a s  d e 
t e r m in e d  b y  th e  K u n i tz  c a s e in o ly t i c  a s s a y

( K u n i t z ,  1 9 4 7 )  u s in g  th e  F o l i n  p h e n o l  r e a g e n t  
t o  d e t e c t  t r i c h lo r o a c e t i c  a c id  (T C A )  s o lu b le  
p r o d u c t s .  O n e  u n i t  o f  t r y p s in  in h ib i t i n g  a c t iv i ty  
(T IU )  is d e f in e d ,  in  th i s  p a p e r ,  a s  t h e  a m o u n t  o f  
i n h i b i t o r  t h a t  r e d u c e s  b y  5 0 %  t h e  a c t iv i ty  o f  a 
p r e p a r a t i o n  o f  t r y p s i n  t h a t  p r o d u c e s  a n  a b s o r b 
a n c e  o f  0 .5 0 0  a t  7 5 0  n m ,  in  t h e  a b o v e  a s s a y .  

A c id  t r e a t m e n t

2 5  m l o f  t h e  a q u e o u s  e x t r a c t  w a s  a c id i f i e d  
w i th  4 N  a c e t i c  a c id  t o  p H  4 . 0  w i th  c o n t i n u o u s  
s t i r r i n g ,  a t  r o o m  t e m p e r a t u r e .  T h e  p r e c i p i t a t e d  
p r o t e in s  w e re  s e p a r a t e d  b y  c e n t r i f u g a t i o n  a t
5 ,0 0 0  x  G , f o r  15  m in  a n d  d i s c a r d e d .  T h e  c le a r  
s u p e r n a t a n t  w a s  b r o u g h t  t o  p H  5 .8  w i th  0 .5 N  
s o d iu m  h y d r o x id e .

H e a t  t r e a t m e n t

S a m p le s  ( 1 0  m l)  o f  d i f f e r e n t  s o lu t io n s  c o n 
ta in in g  s o r g h u m  t r y p s in  i n h ib i t i n g  a c t iv i ty  w e re  
p la c e d  in  s t o p p e r e d  g la s s  v ia ls . T h e  v ia ls  w e re  
t h e n  p la c e d  in  a  b o i l in g  w a te r  b a t h  f o r  t h e  r e 
q u i r e d  a m o u n t  o f  t im e .

S e p h a d e x  G - 1 0 0  f i l t r a t i o n

A  S e p h a d e x  G -1 0 0  c o lu m n  ( 2 .5  x  3 9 .0  c m )  
w a s  e q u i l i b r a t e d  w i th  ( ) .0 0 5 p  p h o s p h a t e  b u f f e r ,  
p H  7 .0  a n d  th e  f lo w  r a te  a d ju s t e d  t o  2 5  m l /h r .  
10  m l o f  t h e  p H  4 .0  s u p e r n a t a n t  w a s  a p p l ie d  to  
t h e  t o p  o f  t h e  c o lu m n .  E ig h ty  5 .2  m l f r a c t i o n s  
w e re  c o l l e c t e d  a n d  th e  a b s o r b a n c e  a t  2 8 0  n m  
re a d  in  a  B e c k m a n  D U  s p e c t r o p h o t o m e t e r .  T h e  
T I  a c t iv i ty  o f  p o o le d  f r a c t i o n s  w a s  d e t e r m in e d .

RESULTS & DISCUSSION
THE TRYPSIN INHIBITORS of sorghum 
seeds could easily be extracted with dis
tilled water and were soluble in acid pH. 
During the course of this work an in
crease of ca. 20% in TI activity was con
sistently found when the aqueous extract

was brought to pH 4.0. This could be due 
to liberation of inactive or precursor 
forms in the seed (Table 1).

The trypsin inhibitors were shown to 
be heat resistant as the activity in the acid 
pH supernatant was completely unaf
fected by heating at 100°C during 30 
min. Furthermore, dialysis of the acid 
supernatant indicated that ca. 60% of the 
TI activity is probably due to low molec
ular weight compounds (Table 1).

Gel filtration of the acid supernatant 
showed that the TI activity of sorghum 
seeds has a broad distribution of molecu
lar weights with the most significant peak 
of activity being centered around 15,000 
daltons. It is interesting to note, in this 
connection, that a trypsin inhibitor iso
lated from barley has a molecular weight 
of 14,400 daltons (Mikola and Suolinna,
1969). It was also shown that ca. 44% of 
the activity in the gel filtration pattern 
is due to compounds with molecular 
weights less than 6,000 daltons. This 
seems to agree with the dialysis experi
ment (Fig. 1).

That the sorghum trypsin inhibitors, as 
separated by Sephadex G-100, are also 
heat resistant was shown when solutions 
containing the activity peaks of the 
gel filtration experiment were heated at 
100°C for 30 min, and the original activ
ity remained constant.

Further studies are in progress in this 
laboratory in order to clarify the type of 
substance responsible for the TI activity 
present in sorghum. It is suggested, how-

Table 1—Distribution of protein and trypsin inh ib iting  activ ity  in 
extracts of sorghum (Sorghum bico lor L. Moench) grain powder

Volume
(ml)

Protein
(mg/ml)

TI
activ ity

(T IU /m l)
Specific activ ity  

(TIU /m g protein)

Aqueous extrac t 32 .0 14.6 4.6 0 .315
pH 4 .0  supernatant 27.5 11.4 5.1 0.447
pH  4 .0  supernatant.

d ia lyzed 10.2 2.7 1.9 0.705
pH 4 .0  supernatant.

heat treated 9.2 12.6 5.5 0.441
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Fig. 1—G el f i l t r a t io n  o f  th e  so rg h u m  g ra in  p o w d e r  a c id  s u p e rn a ta n t in  a 

S ephadex G -1 0 0  c o lu m n  (2 .5  X 3 9 .0  c m ). E ig h ty  5 .2  m l fra c tio n s  w ere  
c o lle c te d  a n d  th e  a b so rba nce  a t  2 8 0  n m  read. The 77 a c t iv i t y  o f  p o o le d  

f ra c tio n s  was d e te rm in e d  b y  th e  K u n itz  c a s e in o ly t ic  assay.

ever, that at least for the case of the low 
molecular weight fractions (less than
6,000 daltons), the TI activity is due to 
tannins present in sorghum seeds that 
unspecifically bind to proteins (Loomis 
and Battaile, 1966; Anderson, 1968), and

which are known to have a depressing 
effect on the growth of chicks (Rostagno 
et al„ 1973).
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A Research N ote
INFLUENCE OF ODOR SOURCES ON THE ODOR AND FLAVOR OF BEEF

INTRODUCTION
CONSIDERABLE RESEARCH has dealt 
with the problem of identifying meat fla
vor and the effects of such things as irra
diation, microorganisms, animal diets, 
pre- and post-slaughter treatment, and 
packaging (Crocker, 1948; Doty et al., 
1961; Thompson and Karmas, 1963; 
Sjostrom, 1967; Paul and Palmer, 1972) 
upon this flavor. However, little infor
mation is available concerning off-odor 
and off-flavor caused by various sources 
during slaughter, storage, shipping, and 
other handling. The purpose of this proj
ect was to determine the influence of 
odor sources, that might be present in the 
vicinity of meat, on the odor and flavor 
of beef.

MATERIALS & METHODS
P h a s e  I

B e e f  f o r e s h a n k  s e c t io n s  5 .0  c m  th i c k  w e re  
o b t a i n e d  i m m e d ia t e ly  a f t e r  s l a u g h te r ,  p la c e d  o n  
p la s t i c  m e a t  t r a y s  a n d  h e ld ,  b y  m e a n s  o f  a  
s t a n d ,  5 .0  c m  f r o m  th e  b o t t o m  o f  a  2 0 0 0  m l 
c a p a c i ty  p la s t i c  c o n ta in e r  (1 5  c m  d ia m  x  14  c m  
h t ) .  E a c h  b e e f  s e c t io n  w a s  e x p o s e d  to  a  s e le c te d  
o d o r  s o u r c e  a n d  t h e  l id  p la c e d  o n  th e  c o n ta in e r  
a n d  s to r e d  2 d a y s  a t  3 - 5 ° C .  T h e  o d o r  s o u rc e s  
i n c lu d e d  t h e  f o l l o w in g  l iq u id s  a n d  s o l id s  p la c e d  
in  a  p e t r i  d is h  u n d e r  t h e  b e e f :  a m m o n ia  ( 1 0  m l 
a s  h o u s e h o l d  l i q u id ) ;  t h e  b u t t s  a n d  a s h e s  f r o m  
f iv e  c ig a r e t t e s ;  c o r n  s ila g e ; p a i n t  ( D e a n  &  B a r ry  
L a c - P a in t ,  q u i c k  d r y in g  e n a m e l ,  6 A 6 ,  l iq u id  o n  
a d d i t i o n ) ;  r a n c id  b e e f  g r e a s e ;  k e r o s e n e ;  c o m 
m e r c ia l  s o a p  ( d e t e r g e n t - g e r m ic id e  W e s c o d y n e ;  
p ro v id e s  1 .6 %  t i t r a t a b l e  i o d in e ) ;  h a n d  l o t i o n  
( J e r g e n s ) ;  a n d  b e e f  f e c a l  m a te r ia l .  A  g a s e o u s  
o d o r  f r o m  th e  s m o k e  o f  o n e  c ig a r e t t e  w a s  e x 
h a le d  i n t o  a  c o n ta in e r  p r i o r  t o  s e a l in g .  A  c o n 
t r o l  w a s  s e a le d  in  a  s im i la r  p la s t i c  c o n t a i n e r  a n d  
s t o r e d  in  t h e  s a m e  c o o le r  w i th  t h e  o t h e r  s a m 
p le s .  T h e  c o m p a r i s o n s  w e re  r e p l i c a t e d  fiv e  
t im e s .

I m m e d ia t e ly  u p o n  r e m o v a l  f r o m  s to r a g e  th e  
i n d iv id u a l  s a m p le s  w e re  c u t  i n t o  tw o  2 - 1 /2  c m  
s e c t io n s .  O n e  s e c t io n  w a s  b o n e d  a n d  g r o u n d  f o r  
a  g r o u n d  c o m p o s i t e  s a m p le .  T h e  s e c o n d  s e c t io n  
w a s  d iv id e d  i n t o  e x t e r n a l  f a t ,  e x t e r n a l  m u s c le  
s u r f a c e  a n d  i n t e r n a l  m u s c le  p o r t i o n s .  E a c h  p o r 
t i o n  w a s  w r a p p e d  in  a lu m in u m  f o i l  a n d  r o a s t e d  
a t  1 7 7 ° C  f o r  2 0  m in .  A f t e r  c o o k in g  th e  t is s u e  
w a s  d iv id e d  i n t o  5 - 1 0 g  s a m p le  p o r t i o n s ,  a n d  
im m e d ia t e ly  s e rv e d  w a rm  a n d  u n c o v e r e d  to  t h e  
p a n e l .  M e m b e r s  w e re  a s k e d  to  e v a lu a te  e a c h  
s a m p le  f o r  o f f - f la v o r  a n d  o d o r .  T h e  p a n e l  c o n 
s i s te d  o f  e ig h t  u n t r a i n e d  m e m b e r s  w h o  h a d  n o  
k n o w le d g e  o f  t h e  t r e a t m e n t s  ( b u t  i t  w a s  s u g 
g e s te d  t h a t  n o  s a m p le s  b e  s w a l lo w e d ) ;  a  m a x 

im u m  o f  f iv e  s a m p le s  w e re  g iv e n  p e r  s e s s io n  
w i th  o n e  o r  m o r e  b e in g  a  h id d e n  c o n t r o l .  T h e  
s a m p le s  w e re  e v a l u a te d  o n  a  1 0 - p o in t  i n t e n s i t y  
s c a le  w i th  1 0  r e p r e s e n t i n g  a  v e ry  s t r o n g  o f f -  
o d o r  o r  f l a v o r  a n d  1 n o  o f f - o d o r  o r  f la v o r  
( P e r y a m  a n d  P i lg r im ,  1 9 5 7 ) .  T h e  p a n e l  w a s  l i k e 
w is e  a s k e d  t o  i d e n t i f y  t h e  o f f - o d o r  o r  f la v o r .  

P h a s e  II

In  P h a s e  II  a  s e c t io n  o f  t h e  in s id e  r o u n d  
w e ig h in g  a p p r o x im a te ly  4 5 0 g  w a s  p la c e d  in  a 
p la s t i c  c o n t a i n e r  in  a  m a n n e r  s im i la r  t o  t h a t  
d e s c r ib e d  in  P h a s e  I .  H o w e v e r  in  th i s  p a r t  o f  th e  
p r o j e c t  o n e  in s id e  r o u n d  w a s  r e m o v e d  f r o m  th e  
c a r c a s s  1 -h r  p o s t m o r t e m ,  t e r m e d  p r e - r ig o r  s a m 
p le ,  a n d  d iv id e d  i n t o  1 2  s e c t io n s .  E a c h  s e c t io n  
w a s  p la c e d  in  a  c o n t a i n e r  w i th  t w o  s e c t io n s  d e s 
ig n a te d  a s  c o n t r o l s  a n d  th e  o t h e r  1 0  s e c t io n s  
d iv id e d  so  t h a t  2  s e c t io n s  w e re  e x p o s e d  t o  e a c h  
o f  5  v a r io u s  o d o r  s o u rc e s  f o r  e a c h  t r i a l .  A f te r

e x p o s u r e  t h e  c o n ta in e r s  w e r e  s e a le d  a n d  s t o r e d  
in  a  3 - 5 ° C  c o o le r .  O n e  s a m p le  o f  e a c h  e x p o 
s u re  a n d  o n e  c o n t r o l  w e re  r e m o v e d  a n d  e v a l 
u a t e d  a f t e r  2  d a y s  o f  s to r a g e  a n d  t h e  r e m a in in g  
s a m p le s  w e re  e v a l u a t e d  a f t e r  7  d a y s  o f  s to r a g e .  
T h e  s e c o n d  in s id e  r o u n d ,  t e r m e d  p o s t - r ig o r  
s a m p le ,  w a s  r e m o v e d  f r o m  t h e  c a r c a s s  2 4 - h r  
p o s t m o r t e m ,  a n d  h a n d le d  in  t h e  s a m e  m a n n e r  
a s  t h e  p r e - r ig o r  s a m p le .  F o r  e v a l u a t io n  e a c h  
s a m p le  w a s  g r o u n d  tw ic e  t h r o u g h  a  1 / 8 - in .  p l a t e  
a n d  f o r m e d  i n t o  a  s m a l l  l o a f ,  w r a p p e d  in  a lu m i 
n u m  f o i l ,  a n d  b a k e d  a t  1 6 3 ° C  f o r  1 h r .  T h e  
p a n e l  e v a l u a t io n  w a s  t h e n  c o m p l e t e d  f o r  o f f -  
o d o r  a n d  f la v o r  c o m p a r a b le  t o  P h a s e  I .  E a c h  
o d o r  s o u r c e  w a s  r e p l i c a t e d  th r e e  t im e s  a t  e a c h  
s to r a g e  p o s t m o r t e m .

In  P h a s e  II  t h e  o d o r  s o u r c e s  u s e d  w e re :  
a m m o n ia  (5  m l c o n c e n t r a t e d  N H 4 0 H ) ;  c ig a 
r e t t e  s m o k e ,  a s h e s  a n d  b u t t  f r o m  o n e  c ig a r e t t e ;

ODOR SOURCE ODOR SOURCE

F ig . 1—M ean  ± 2  s td  dev fo r  f la v o r  scores re p re s e n tin g : (A )  e x te rn a l 

m u sc le  sa m p le ; (B ) in te rn a l m u sc le  sa m p le ; (C ) e x te rn a l fa t  s a m p le ; a n d  
(D ) g r o u n d  c o m p o s ite  sam ple .
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Table 1—Mean odor and flavor scores fo r each treatment and its 
respective control

Odor Flavor
Odor Treatments Treatment Control T reatment Control

Ammonia 8 .8 * * 2.4 8 .6 * * 2.5
Cigarette 6 .4 ** 3.2 7 .2 ** 3.1
Exhaust 5 .4 ** 3.2 6 .3 ** 3.5
Kerosene 6 .6 * * 2.8 8 .0 * * 2.9
Fecal Material 3 .4NS 3.1 3.5NS 3.0
Paint 6 .5 ** 3.1 8.1 * * 3.2
Spoiled Meat 3 .6 ** 2.8 3.6* 2.9
Silage 3.5* 2.9 4.0NS 3.4
Sanitizer 3.4NS 3.2 3 .2NS 3.4
Viscera 3.6NS 3.3 3.5NS 3.4

** Significant at 0.01 level 
* Significant at 0.05 level 

NS Not significant

a u to m o b i l e  e x h a u s t  f u m e s ;  k e r o s e n e ;  b e e f  f e c a l  
m a te r ia l ;  p a i n t  ( D e a n  &  B a r ry  L a c - P a in t ,  q u ic k  
d ry in g  e n a m e l ,  6 A 6 ) ;  s p o i le d  m e a t  ( b e e f ,  5 d a y s  
a f t e r  o d o r  d e t e c t i o n ) ;  c o r n  s i la g e ;  a  c o m m e r c ia l  
s o a p  ( d e t e r g e n t - g e r m ic id e ,  W e s c o d y n e ;  p ro v id e s  
1 .6 %  t i t r a t a b l e  i o d in e ) ;  a n d  b e e f  v is c e ra .  A ll 
m a te r ia ls  w e re  h a n d le d  t h e  s a m e  a s  in  P h a s e  I 
e x c e p t  th o s e  n o t e d  b e lo w .  T h e  e x p o s u r e  to  
c ig a r e t t e  s m o k e ,  a s h e s ,  a n d  b u t t s  w a s  a c c o m 
p l is h e d  b y  h a v in g  th e  s m o k e  f r o m  o n e  c ig a r e t t e  
e x h a l e d  in t o  t h e  c o n t a i n e r  a n d  t h e  a s h e s  a n d  
b u t t  p la c e d  in  a  p e t r i  d is h  u n d e r  t h e  m e a t .  E x 
h a u s t  f u m e s  w e re  f r o m  a n  a u t o m o b i l e  a t  id le  
f o r  1 m in  i n t o  t h e  c o n ta in e r  o f  m e a t  a n d  th e n  
s e a le d .

RESULTS & DISCUSSION

P h a s e  I

F i g u r e  1 A  s h o w s  t h e  p a n e l  f l a v o r  s c o r e  
m e a n s  ( 4 0  p a n e l  m e m b e r  e v a l u a t i o n /  
m e a n )  f o r  t h e  e x t e r n a l  m u s c l e  s a m p l e .  
T h i s  f i g u r e  a l s o  i l l u s t r a t e s  t w o  s t a n d a r d  
d e v i a t i o n  l i m i t s  f o r  t h e  c o n t r o l  a n d  e a c h  
t r e a t m e n t .  F i g u r e s  I B ,  C  a n d  D  s h o w  t h e  

s a m e  i n f o r m a t i o n  f o r  i n t e r n a l  m u s c l e  p o r 

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

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

d e n c e  t h a t  t h e  v o l a t i l e s  f r o m  t h e s e  
s o u r c e s  c a u s e d  o f f - f l a v o r .  T h e  e x t e r n a l  f a t

s a m p l e  w a s  s i m i l a r  t o  t h e  e x t e r n a l  m u s c l e  
p o r t i o n  a n d  t h e  c o m p o s i t e  s a m p l e  e x c e p t  

t h e  f a t  e x h i b i t e d  g r e a t e r  v a r i a t i o n .  T h e  
g r e a t e r  v a r i a t i o n  i n  s c o r e s  f o r  t h e  f a t  s a m 

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

o p m e n t  d u r i n g  s t o r a g e .  A s  m i g h t  b e  e x 
p e c t e d  i n t e r n a l  m u s c l e  o f f - f l a v o r  w a s  l e s s  
p r o n o u n c e d  t h a n  t h a t  o f  e x t e r n a l  s a m 
p l e s .

O d o r  s c o r e s  f o l l o w e d  a  s i m i l a r  p a t t e r n  
t o  t h o s e  e x h i b i t e d  b y  f l a v o r  s c o r e s .  S o m e  
o d o r  s o u r c e s  w e r e  v e r y  e a s y  t o  d e t e c t  
w h i l e  o t h e r s  w e r e  n o t .  S o l u b i l i t y  o f  o d o r  
s o u r c e s  i n  f a t  a n d  H 2 0  ( m u s c l e )  a n d  t h e  
i n t e n s i t y  o f  t h e  o d o r  p r o b a b l y  p l a y  a n  

i m p o r t a n t  p a r t  i n  t h e i r  t r a n s m i s s i o n  t o  

m e a t .

P h a s e  II
T a b l e  1 s h o w s  t h e  m e a n  ( 9 6  p a n e l  

m e m b e r  e v a l u a t i o n / m e a n )  o d o r  a n d  f l a 

v o r  s c o r e s  f o r  a l l  t r e a t m e n t s  a n d  t h e i r  r e 
s p e c t i v e  c o n t r o l s .  A m m o n i a  w a s  f o u n d  t o  
b e  t h e  e a s i e s t  s o u r c e  o f  o d o r  t o  d e t e c t  
b o t h  b y  o d o r  a n d  f l a v o r  ( P  <  0 . 0 1 ) .  C i g a 

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

( P  <  0 . 0 1 ) .  S p o i l e d  m e a t  c o u l d  b e  d e 
t e c t e d  a s  i m p a r t i n g  a n  o f f - o d o r  a n d  o f f -  

f l a v o r  ( P  <  0 . 0 5 )  b u t  s o u r c e  w a s  n o t  
e a s i l y  i d e n t i f i e d .  S i l a g e  i m p a r t e d  a n  o f f -  
o d o r  ( P  <  0 . 0 5 )  w h i c h  w a s  n o t  e a s i l y  
i d e n t i f i a b l e  n o r  w a s  i t  c o n s i s t e n t l y  d e 
t e c t e d  i n  f l a v o r  e v a l u a t i o n .  T h e  o t h e r

o d o r  s o u r c e s  o f  m a n u r e ,  v i s c e r a ,  a n d  

W e s c o d y n e  d i d  n o t  i m p a r t  e n o u g h  o d o r  
o r  f l a v o r  t o  t h e  m e a t  f o r  d e t e c t i o n  u n d e r  

t h e  c o n d i t i o n s  o f  t h i s  e x p e r i m e n t .  I f  t h e  
m a n u r e  a n d  v i s c e r a  o d o r s  w e r e  o f  b a c 
t e r i a l  o r i g i n  t h e n  t h i s  w o u l d  a g r e e  i n  p a r t  
w i t h  w o r k  b y  M a s t  ( 1 9 7 1 )  a n d  W i l l i a m s  
( 1 9 6 0 )  t h a t  a t  l e a s t  s o m e  m i c r o o r g a n i s m s  
w e r e  n o t  d e t r i m e n t a l  t o  m e a t  f l a v o r .

T h e  i n f l u e n c e  o f  s t o r a g e  t i m e  a n d  e x 

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

a n  i n t e r a c t i o n  ( P  <  0 . 0 1 )  b e t w e e n  o d o r  
s o u r c e  a n d  p r e -  a n d  p o s t - r i g o r  t r e a t m e n t s .  
S i l a g e  w a s  t h e  o d o r  s o u r c e  a n d  w h e n  e x 

p o s e d  t o  p r e - r i g o r  h a d  a  f l a v o r  m e a n  o f

4 . 8 1 ,  w h i l e  t h e  p r e - r i g o r  c o n t r o l  w a s
3 . 1 3 ,  s i l a g e  p o s t - r i g o r  3 . 2 2 ,  a n d  c o n t r o l  
p o s t - r i g o r  3 . 6 5  i n d i c a t i n g  t h a t  m e a t  e x 

p o s e d  t o  s i l a g e  w h e n  w a r m  ( p r e - r i g o r )  w i l l  
p i c k  u p  o f f - f l a v o r  m o r e  r e a d i l y  t h a n  w h e n  

c o l d  ( p o s t - r i g o r ) .
I n  c o n c l u s i o n  i t  c a n  b e  s a i d  t h a t  m a n y  

s o u r c e s  o f  o d o r  c a n  i m p a r t  o f f - o d o r  a n d  
f l a v o r  t o  b e e f  t i s s u e .  I t  w o u l d  b e  a d v i s 
a b l e  f o r  t h e  m e a t  i n d u s t r y  t o  k e e p  t r u c k s  

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

t a m i n a t i o n  s h o u l d  b e  r e m o v e d  f r o m  
c o o l e r s ,  t r u c k s ,  s l a u g h t e r  f l o o r s  a n d  o t h e r  
a r e a s  w h e r e  m e a t  i s  s t o r e d .
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A Reasearch Note
VITAMIN B6 IN PORK MUSCLE COOKED IN MICROWAVE 

AND CONVENTIONAL OVENS

INTRODUCTION

M E A T  i s  a  g o o d  s o u r c e  o f  v i t a m i n  B 6 , 
b u t  l i t t l e  a t t e n t i o n  h a s  b e e n  g i v e n  t o  h o w  
v a r i o u s  m e t h o d s  o f  p r e p a r i n g  m e a t  a f f e c t  
v i t a m i n  B 6 r e t e n t i o n  d u r i n g  h e a t i n g .  H o w  
c o o k i n g  i n  m i c r o w a v e  o v e n s ,  u s e d  i n c r e a s 
i n g l y ,  a f f e c t s  s o m e  o f  t h e  B - c o m p l e x  v i t a 
m i n s  h a s  b e e n  s t u d i e d ,  b u t  r e s u l t s  s h o w  
n o  c o n s i s t e n t  t r e n d .  K y l e n  e t  a l .  ( 1 9 6 4 )  
r e p o r t e d  t h a t  b e e f  r o a s t s  r e t a i n e d  l e s s  
t h i a m i n e  w h e n  c o o k e d  b y  m i c r o w a v e  

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

N o b l e  a n d  G o m e z  ( 1 9 6 2 )  f o u n d  n o  s i g 
n i f i c a n t  d i f f e r e n c e  i n  t h i a m i n e  a n d  r i b o 
f l a v i n  r e t e n t i o n  i n  l a m b  r o a s t s  c o o k e d  
c o n v e n t i o n a l l y  a n d  t h o s e  c o o k e d  b y  m i 
c r o w a v e s .  W i n g  a n d  A l e x a n d e r  ( 1 9 7 2 )  r e 
p o r t e d  s i g n i f i c a n t l y  g r e a t e r  r e t e n t i o n  o f  

v i t a m i n  B 6 i n  c h i c k e n  b r e a s t s  h e a t e d  f o r
1 .5  m i n  i n  a  m i c r o w a v e  o v e n  t h a n  f o r  

t h o s e  h e a t e d  4 5  m i n  i n  a  c o n v e n t i o n a l  

o v e n .
B e c a u s e  s o  l i t t l e  i n f o r m a t i o n  i s  a v a i l 

a b l e ,  w e  d e t e r m i n e d  t h e  e f f e c t  o f  t y p e  o f  
h e a t  a n d  o f  i n t e r n a l  e n d p o i n t  t e m p e r a 

t u r e  o n  v i t a m i n  B 6 c o n t e n t  o f  p o r k  m u s 
c l e .

MATERIALS & METHODS

E I G H T  B O N E L E S S ,  f r o z e n  lo in  s e c t io n s  ( c u t  
f r o m  th e  1 s t  l u m b a r  v e r t e b r a  to  t h e  7 th  r ib )  
f r o m  e ig h t  2 0 0 - 2 5 0  lb  b a r r o w s  w e re  o b t a in e d  
f r o m  th e  D e p t ,  o f  A n im a l  S c ie n c e  &  I n d u s t r y ,  
K a n s a s  S t a t e  U n iv e r s i ty .  A t  e a c h  o f  e ig h t  p e r i 
o d s ,  a  lo in  s e c t io n  ( w i th  b a c k  f a t )  w a s  th a w e d  4  
h r  a t  4 ° C  a n d  1 6 h r  a t  2 5 ° C ,  t h e n  d iv id e d  in to  
f o u r th s .  T h e s e  t r e a t m e n t s  w e re  r a n d o m ly  a s 
s ig n e d  to  t h e  f o u r  p o r t i o n s :  ( 1 )  m ic ro w a v e  
o v e n ,  7 5 ° C  i n t e r n a l  t e m p e r a t u r e ;  (2 )  m ic ro w a v e  
o v e n ,  8 5 ° C  in t e r n a l  t e m p e r a t u r e ;  ( 3 )  c o n v e n 
t i o n a l  e l e c t r i c  o v e n ,  7 5 ° C  i n t e r n a l  t e m p e r a t u r e ;  
a n d  (4 )  c o n v e n t io n a l  e l e c t r i c  o v e n ,  8 5 ° C  i n t e r 
n a l  t e m p e r a t u r e .

A t e a c h  p e r io d ,  t h e  f o u r  r a w  m u s c le  s e c t io n s  
( a v e ra g in g  4 5 4 g )  w e r e  p la c e d  in  P y r e x  b a k in g  
d is h e s  ( 5 x 9  in . )  f o r  r o a s t in g :  tw o  in  a n  e le c 
t r i c  o v e n  a t  1 7 7 ° C ,  o n e  to  a n  i n t e r n a l  t e m p e r a 
t u r e  o f  7 5 ° C  a n d  t h e  o t h e r  t o  8 5 ° C ;  a n d  tw o  in  
a  m ic r o w a v e  o v e n  (A m a n a  R a d a R a n g e ,  M o d e l 
R R - 2 ) ,  f r o m  w h ic h  ( b e c a u s e  o f  p o s t -o v e n  t e m 
p e r a t u r e  r is e )  o n e  w a s  r e m o v e d  w h e n  h e a t e d  to  
7 0 ° C  a n d  th e  o t h e r  w h e n  h e a t e d  to  8 0 ° C .  W h e n  
th e i r  i n t e r n a l  t e m p e r a t u r e s  r o s e  to  7 5 ° C  a n d

8 5 ° C ,  r e s p e c t iv e ly ,  t h e  m ic r o w a v e - h e a te d  m u s 
c le  s e c t io n s  w e re  c u t  ( t o  m in im i z e  f u r t h e r  t e m 
p e r a t u r e  r is e )  a n d  g r o u n d  f o r  a n a ly s is .

C o o k in g  t im e  a n d  c o o k in g  lo s s e s  w e re  c a l c u 
la te d .  P e r c e n ta g e  m o i s tu r e  o f  g r o u n d  m u s c le  
w a s  d e t e r m i n e d  in  d u p l i c a t e  b y  d r y in g  s a m p le s  
6 0  m in  a t  1 2 1 ° C  ( in  a  B r a b e n d e r  S e m i - A u t o 
m a t ic  M o is tu r e  T e s te r ) .

G r o u n d  s a m p le s  w e re  f r e e z e  d r ie d  a n d  to t a l  
v i ta m in  B fl w a s  d e t e r m in e d  b y  m ic r o b io lo g ic a l  
a s s a y  ( T o e p f e r  a n d  P o la n s k y ,  1 9 7 0 ) .  E a c h  e x 
p e r im e n ta l  u n i t  ( o n e - f o u r t h  lo in  s e c t io n )  w a s  
s a m p le d  in  d u p l i c a t e ,  f iv e  d i l u t i o n s  o f  e a c h  s a m 
p le  w e re  p r e p a r e d ,  a n d  v i t a m in  B f> in  e a c h  d i lu 
t io n  w a s  d e t e r m in e d  in  t r i p l i c a t e .  A B a u s c h  a n d  
L o m b  S p e c t r o n ic  2 0  w a s  u s e d  f o r  t r a n s m i t -  
t a n c y  r e a d in g s .  T o t a l  v i t a m in  B 6 w a s  c a l c u la te d  
b o t h  o n  th e  c o o k e d - w e ig h t  (a s  o r d in a r i l y  c o n 
s u m e d )  a n d  o n  a  m o i s tu r e - f r e e  b a s is .

T h e  2 x 2  f a c to r i a l  a r r a n g e m e n t  o f  t h e  tw o  
ty p e s  o f  o v e n  a n d  tw o  e n d p o i n t  t e m p e r a tu r e s  
p r o d u c e d  d a t a  s u i t a b l e  f o r  a n a ly s i s  o f  v a r ia n c e :

S o u r c e  o f  v a r ia t io n D F

O v e n I
T e m p e r a tu r e l
I n t e r a c t i o n  O  X T 1
A n im a l  ( p e r io d s ) 7
E r ro r 21
T o t a l 31

T h a t  a n a ly s i s  r e m o v e d  a n im a l  ( c o o k in g  p e r i 
o d )  v a r ia t io n s  f r o m  th e  d e s i r e d  c o m p a r i s o n s  
a n d  p r o v id e d  a m p le  d e g re e s  o f  f r e e d o m  f o r  e s t i 
m a t in g  e r r o r  v a r ia n c e .

RESULTS & DISCUSSION

A V E R A G E  V A L U E S  f o r  c o o k i n g  t i m e  
a n d  l o s s e s ,  p e r c e n t a g e  m o i s t u r e ,  a n d  v i t a 

m i n  B 6 f r o m  e i g h t  r e p l i c a t i o n s  a r e  p r e 
s e n t e d  i n  T a b l e  1.

C o o k i n g  t i m e  ( b o t h  t o t a l  m i n  a n d  
m i n / k g )  w a s  l o n g e r  ( P  <  0 . 0 1  a n d  P  <  

0 . 0 5 ) ,  a s  w o u l d  b e  e x p e c t e d ,  a n d  t o t a l  
c o o k i n g  l o s s  l e s s  ( P  <  0 . 0 1 )  f o r  m e a t  
c o o k e d  i n  t h e  e l e c t r i c  o v e n  t h a n  f o r  t h a t  

c o o k e d  i n  m i c r o w a v e  o v e n .  O t h e r  

w o r k e r s  a l s o  h a v e  r e p o r t e d  g r e a t e r  l o s s e s  
f o r  m e a t  c o o k e d  i n  a  m i c r o w a v e  o v e n  

t h a n  f o r  t h a t  c o o k e d  i n  c o n v e n t i o n a l  t y p e  
o v e n s  ( K y l e n  e t  a l . ,  1 9 6 4 ;  W in g  a n d  

A l e x a n d e r ,  1 9 7 2 ) .  M u s c l e s  h e a t e d  i n  t h e  
m i c r o w a v e  o v e n  h a d  g r e a t e r  d r i p  l o s s  ( P  <  

0 . 0 1 )  t h a n  d i d  t h o s e  h e a t e d  i n  t h e  e l e c t r i c  

o v e n ;  v o l a t i l e  l o s s  w a s  s i m i l a r .  I n  c o m p a r 

i n g  e n d p o i n t  t e m p e r a t u r e s ,  t h e  h i g h e r  o n e  

r e s u l t e d  i n  s i g n i f i c a n t l y  l o n g e r  ( P  <  0 . 0 5 )  
t o t a l  c o o k i n g  t i m e  a n d  s l i g h t  i n c r e a s e s  ( P  
< 0 . 1 0 )  i n  t o t a l  c o o k i n g  l o s s .

M o i s t u r e  c o n t e n t  w a s  g r e a t e r  ( P  <  

0 . 0 1 )  f o r  p o r k  c o o k e d  i n  t h e  e l e c t r i c  o v e n  
t h a n  f o r  t h a t  c o o k e d  i n  t h e  m i c r o w a v e  

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

m i c r o w a v e  o v e n  h a d  g r e a t e r  c o o k i n g  

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

Table 1—Cooking tim e and losses, moisture and vitam in B6 in pork muscle

Significance3
Microwave Conventional of F-value

Factors 75° C 85° C 75° C 85° C Oven Temp

Cooking time, min 13.3 14.3 73.0 80.4 * NS
Cooking time, m in/kg 28.1 28.4 177.0 190.7 * * t
Total cooking loss, % 26.4 29.3 15.6 18.0 * * t
Drip loss, % 7.5 8.4 2.8 3.4 * * NS
Volatile loss, % 18.6 18.6 12.8 17.8 NS NS
Moisture, % 58.5 57.9 62.9 63.3 * * NS
Vitam in B6, pg/g

of muscle 5.1 5.2 4.8 5.3 NS NS
Vitam in B6, i ig /g  o f 

muscle, moisture
free basis 12.3 12.6 13.2 14.4 t NS

a t,Significant at 10% level; *, Significant at 5% level; **, Significant at 1% level; NS, Nonsig-
nificant
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V i t a m i n  B 6 c o n t e n t  o f  p o r k  m u s c l e  

c o o k e d  b y  m i c r o w a v e s  h a s  n o t  b e e n  r e 
p o r t e d  p r e v i o u s l y ;  h o w e v e r ,  O r r  ( 1 9 6 9 )  

g iv e s  a  v a l u e  o f  2 . 7  ¡Jtg/g f o r  c a n n e d  p o r k ,  
w h i c h  is  l o w e r  t h a n  t h e  v a l u e s  f o u n d  i n  

o u r  s t u d y .  W h e n  v i t a m i n  B 6 c o n t e n t  w a s  
c a l c u l a t e d  o n  t h e  b a s i s  o f  c o o k e d  w e i g h t ,  
d i f f e r e n c e s  a m o n g  t r e a t m e n t s  w e r e  n o t  

s i g n i f i c a n t ;  c a l c u l a t e d  o n  t h e  b a s i s  o f  d r y  
w e i g h t ,  s a m p l e s  c o o k e d  i n  t h e  e l e c t r i c  
o v e n  c o n t a i n e d  m o r e  ( P  <  0 . 1 0 )  v i t a m i n  
B 6 . E v e n  t h o u g h  d i f f e r e n c e s  w e r e  s i g n i f i 

c a n t ,  t h e y  w e r e  s m a l l  a n d  v a r i a t i o n  

a m o n g  a n i m a l s  w a s  g r e a t e r  t h a n  b e t w e e n  
o v e n  t y p e s .
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A Research Note
APPLICATION OF SDS-ACRYLAMIDE GEL ELECTROPHORESIS FOR DETERMINATION 

OF THE MAXIMUM TEMPERATURE TO WHICH 
BOVINE MUSCLES HAVE BEEN COOKED

INTRODUCTION

I N  O R D E R  T O  i m p o r t  m e a t  f r o m  m a n y  

c o u n t r i e s  o f  t h e  w o r l d ,  t h e  m e a t  m u s t  b e  
c o o k e d  t o  6 9 ° C  t o  i n s u r e  d e s t r u c t i o n  o f  
t h e  f o o t - a n d - m o u t h  d i s e a s e  v i r u s ,  i f  p r e s 
e n t .  I t ,  t h e r e f o r e ,  i s  e s s e n t i a l  t o  h a v e  a  
s c i e n t i f i c  m e t h o d  f o r  q u a n t i t a t i n g  t h e  

t e m p e r a t u r e  t o  w h i c h  m e a t  h a s  b e e n  

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

( a )  d e t e r m i n a t i o n  o f  a c i d  p h o s p h a t a s e  
a c t i v i t y  ( C o h e n ,  1 9 6 9 ;  C z e c h  a n d  S u n s e r i ,  

1 9 6 8 ) ;  ( b )  d i r e c t  s p e c t r o s c o p y  o f  e x 
t r a c t e d  m e a t  p i g m e n t s  ( H e l m k e  a n d  F r o n -  
i n g ,  1 9 7 1 ) ;  ( c )  e x t r a c t a b i l i t y  a n d  c o a g u l a 

t i o n  t e s t  o f  m e a t  p r o t e i n s  ( C o h e n ,  1 9 6 6 ;  
D o e s b u r g  a n d  P a p e n d o r f ,  1 9 6 9 ) ;  a n d
( d )  c o l o r i m e t r i c  m e t h o d  t o  m e a s u r e  t h e  

d e g r e e  o f  d e n a t u r a t i o n  o f  m y o g l o b i n  
( R o b e r t s ,  1 9 7 2 ) .  N o n e  o f  t h e s e  f o u r  
m e t h o d s ,  h o w e v e r ,  h a s  p r o v e d  t o  b e  g e n 
e r a l l y  a c c e p t a b l e  b e c a u s e  t h e y  a r e  e i t h e r  
o n l y  a p p l i c a b l e  w i t h i n  a  s m a l l  t e m p e r a 
t u r e  r a n g e  o r  t h e  m e a s u r e d  p a r a m e t e r s  a r e  

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

d i f f i c u l t i e s ,  t h e  c u r r e n t  p r a c t i c e  o f  t h e  
U S D A  i s  t o  s q u e e z e  m e a t  j u i c e  f r o m  a  
p i e c e  o f  m e a t  a n d  t o  j u d g e  i t  s u b j e c t i v e l y  

f o r  t h e  p r e s e n c e  o f  p i n k n e s s .  S i n c e  p i n k 
n e s s  i s  t h e  o n l y  c r i t e r i o n  u s e d ,  t h e  p r o c 
e s s o r s  t a k e  s t e p s  t o  f u l l y  a n d  e x c e s s i v e l y  

c o o k  t h e  m e a t  w h i c h  i s  t o  b e  i m p o r t e d  
i n t o  t h e  U . S . A .  S i n c e  t h i s  v i s u a l  m e t h o d  
i s  v e r y  s u b j e c t i v e ,  p r o b l e m s  a r i s e  b e c a u s e  
t h e r e  a r e  m a n y  s i t u a t i o n s  w h e r e  r e d  p i g 

m e n t s  r e m a i n  e v e n  t h o u g h  t h e  m e a t  h a s  
b e e n  a d e q u a t e l y  c o o k e d .

T h i s  p a p e r  d e s c r i b e s  t h e  d e v e l o p m e n t  
o f  a  r e l i a b l e  a n d  o b j e c t i v e  m e t h o d  f o r  
p r e c i s e l y  m e a s u r i n g  c o o k i n g  t e m p e r a t u r e .  
T h i s  m e t h o d  u t i l i z e s  S D S  ( s o d i u m  d o d e c -  

y l s u l f a t e ) - a c r y l a m i d e  g e l  e l e c t r o p h o r e s i s .

EXPERIMENTAL

P r e p a r a t io n  o f  s a m p le s

B o v in e  m u s c l e s  o f  s e m i t e n d in o s u s ,  s e m i
m e m b r a n o s u s ,  b ic e p s  f e m o r i s  a n d  q u a d r ic e p s  
f e m o r i s  f r o m  r o u n d  c u t s  o f  c o w  b e e f  w e re  
t r i m m e d  a n d  c u t  i n t o  c y l in d r i c a l  f o r m  8 c m  
d i a m e te r  a n d  8  c m  in  h e ig h t .  T h e  m u s c l e  s a m 
p le s  w e r e  t h e n  a g e d  f o r  d i f f e r e n t  l e n g th s  o f

t im e  (0 ,  2 ,  6  a n d  8 d a y s  p o s t m o r t e m )  in  a 
c o o le r  o f  4 ° C .  A f te r  a g in g , a  c a l i b r a t e d  t h e r 
m o m e t e r  w a s  in s e r te d  i n t o  e a c h  s a m p le  s o  t h a t  
i t s  b u lb  w a s  p la c e d  in  t h e  g e o m e t r i c  c e n t e r  o f  
t h e  m u s c le  s a m p le .  T h e  s a m p le s  w e re  t h e n  
p la c e d  in  t h e  v in y l  t u b e  a n d  c o o k e d  t o  t h e  d e 
s ig n a t e d  t e m p e r a t u r e  in  b o i l in g  w a te r .  A f t e r  t h e  
s a m p le s  a t t a i n e d  a  g iv e n  t e m p e r a t u r e ,  t h e y  w e re  
h e ld  f o r  v a r io u s  l e n g th s  o f  t i m e  ( 0 ,  1 0 ,  2 0  a n d  
3 0  m in )  a t  t h a t  t e m p e r a t u r e  (±  0 .5 ° C ) .  T h e  
s a m p le s  w e re  t h e n  t r a n s f e r r e d  t o  a n  ic e  s lu r ry  
a n d  t h e  t e m p e r a t u r e  c h a n g e  w a s  f o l l o w e d  d u r 
in g  t h e  c o o l in g .  T h e  h ig h e s t  t e m p e r a t u r e  
a t t a i n e d  w a s  r e c o r d e d  a s  t h e  f in a l  c o o k in g  t e m 
p e r a t u r e .  T h e  t e m p e r a t u r e s  u n d e r  s tu d y  r a n g e d

f r o m  6 5  t o  9 0 ° C  w i th  in te r v a l s  o f  a b o u t  5 ° C .  
A f t e r  c o m p l e t e  c o o l in g  b e lo w  2 0 ° C , a  5 - 1 0 g  
s a m p le  a r o u n d  t h e  t h e r m o m e t e r  b u l b  w a s  d is 
s e c te d  o u t ,  h o m o g e n iz e d  w i t h  1 v o lu m e  o f  
d i s t i l l e d  w a te r  a n d  c e n t r i f u g e d  a t  1 8 ,0 0 0 G  f o r  
15  m in .  T h e  s u p e r n a t a n t  w a s  f i l t e r e d  t h r o u g h  
W h a tm a n  # 1  f i l t e r  p a p e r .  T h e  r e s u l t a n t  s u p e r 
n a t a n t  w a s  u s e d  f o r  a n  e l e c t r o p h o r e t i c  e v a lu a 
t i o n .

S D S - a c ry la m id e  e l e c t r o p h o r e s i s

T o  a  3 -m l s a m p le  a l i q u o t ,  0 .0 3  m l  o f  /3-m er- 
c a p t o e t h a n o l ,  0 .0 3  m l o f  1M  s o d iu m  p h o s p h a t e  
b u f f e r  ( p H  7 .0 )  a n d  0 .1 5  m l  o f  1 0 %  S D S  w e re  
a d d e d  a n d  i n c u b a t e d  o v e r n ig h t  a t  r o o m  te m p e r -

Fig . 1-S D S -a c ry la m id e  e le c tro p h o re to g ra m s  o f  w a te r s o lu b le  p ro te in s  
f ro m  b e e f c o o k e d  a t  6 5 , 70 , 75, 8 0 , 8 5  a n d  9 0 °  C ( fro m  le f t  to  r ig h t) .
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H H

----- VERY WEAK

65° C 70°C 75° C 80“ C 85"C 90“ C

Fig . 2 —S c h e m a tic  d ia g ra m  o f  e le c tro p h o re t ic  p a tte rn s  a t  va rio us  c o o k 

in g  te m p e ra tu re s .

a tu r e .  T h e  1 0 %  a c r y l a m id e  g e l s o l u t i o n  w a s  p r e 
p a r e d  b y  m ix in g  1 3 .5  m l a c r y l a m id e  s o lu t io n  
(2 2 .2 g  a c r y la m id e  +  0 .6 g  m e th y le n e  b is a c r y l a m -  
id e  in  f in a l  v o lu m e  o f  1 0 0  m l ) ,  1 .5  m l  o f  1M  
s o d iu m  p h o s p h a t e  b u f f e r  ( p H  7 .0 ) ,  0 .3  m l  o f  
1 0 %  S D S , 1 .5  m l  o f  a m m o n iu m  p e r s u l f a t e  ( 1 2  
m g  in  d e io n iz e d  w a te r ) ,  1 3 .2  m l  o f  d is t i l l e d  
w a te r  a n d  0 .0 3  m l T E M E D  ( N ,N ,N ',N '- t e t r a -  
m e th y le th y le n e - d i a m in e ) .  T h e  g e l s o lu t io n  w a s  
p o u r e d  i n t o  g la s s  t u b e s  1 2  c m  in  l e n g th  a n d  6 
m m  in  i n n e r  d i a m e te r .  A  f e w  d r o p s  o f  w a te r  
w e re  p la c e d  o n  t o p  t o  p r o d u c e  a  f l a t  s u r f a c e .  
A f t e r  c o m p le t e  p o l y m e r i z a t i o n  o f  t h e  g e ls ,  5 0  
p l  o f  th e  p r e p a r e d  s a m p le s  w e r e  a p p l ie d  o n  to p  
o f  t h e  g e l w i th  1 0  p i  o f  b r o m p h e n o l  b lu e  a n d  
1 0  p i  o f  8 M  u r e a .  T h e  g e l  c o lu m n s  w e r e  t h e n  
im m e r s e d  in  a  b a t h  b u f f e r  c o n ta in in g  2 5  m l  o f  
1M  s o d iu m  p h o s p h a t e  b u f f e r  (p H  7 .0 ) ,  5 m l o f  
1 0 %  S D S  a n d  4 7 0  m l o f  d i s t i l l e d  w a te r .  E l e c t r o 
p h o r e s i s  w a s  p e r f o r m e d  f o r  6  h r  a t  a  c o n s t a n t  
c u r r e n t  o f  6  m a  p e r  g e l  w i th  t h e  p o s i t iv e  e le c 
t r o d e  in  t h e  lo w e r  c h a m b e r .  A f t e r  e l e c t r o p h o r 
e s is , t h e  g e ls  w e re  r e m o v e d  f r o m  t h e  t u b e s  a n d  
s ta i n e d  o v e r n ig h t  a t  r o o m  t e m p e r a t u r e  w i th
0 .4 %  c o o m a s s ie  b r i l l i a n t  b lu e  in  5 0 %  m e t h a n o l  
a n d  9 .2 %  a c e t ic  a c id .  T h e  g e ls  w e re  t h e n  r in s e d  
a n d  d e s t a in e d  in  a  s o l u t i o n  c o n t a i n i n g  5 0 %  
m e t h a n o l  a n d  9 .2 %  a c e t i c  a c id .  A f t e r  c o m p le t e  
d e s ta in in g ,  t h e  g e ls  w e re  s to r e d  in  a  7 .5 %  a c e t ic  
a c id  s o lu t io n .  T h e  n u m b e r  o f  b a n d s  a n d  th e i r  
in t e n s i t i e s  w e re  m e a s u r e d  b y  u s in g  a  d e n s i t o m 
e t e r .

RESULTS & DISCUSSION

S D S  T R E A T M E N T  w a s  e m p l o y e d  i n  t h i s  
s t u d y  a s  a  t o o l  t o  a c c o m p l i s h  e l e c t r o 
p h o r e t i c  s e p a r a t i o n  o f  p r o t e i n s  s o l e l y  o n  

t h e  b a s i s  o f  m o l e c u l a r  w e i g h t ,  a s  w e l l  d o c 
u m e n t e d  b y  W e b e r  a n d  O s b o r n  ( 1 9 6 9 ) .

A n  a d v a n t a g e  o f  u s i n g  S D S  is  t o  o b t a i n  

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

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

F i g u r e  1 i s  t h e  a c t u a l  p i c t u r e  o f  t h e  
g e l s  s h o w i n g  v a r i o u s  n u m b e r s  o f  p r o t e i n  
b a n d s  a t  v a r i o u s  c o o k i n g  t e m p e r a t u r e s .  
F o r  a  c l e a r  v i e w ,  a  s c h e m a t i c  d i a g r a m  o f  
t h i s  e l e c t r o p h o r e t i c  p a t t e r n  i s  i l l u s t r a t e d  
i n  F i g u r e  2 .  A t  6 5 ° C ,  a t  l e a s t  s i x  d i s t i n c t  
b a n d s  w e r e  o b s e r v e d .  O f  t h e s e ,  f i v e  b a n d s  
w e r e  i n t e n s e  a n d  o n e  b a n d  w a s  w e a k .  A t  

7 0 ° C ,  b a n d  D  d i s a p p e a r e d  a n d  o n l y  f i v e  
d i s t i n c t  b a n d s  w e r e  o b s e r v e d .  T h e  i n t e n 
s i t y  o f  b a n d  A  d e c r e a s e d  t o  a  g r e a t  e x t e n t  
a n d  b a n d  B  b e c a m e  m o r e  p r o n o u n c e d  

t h a n  a d j a c e n t  b a n d s  A  a n d  C .  A t  7 5 ° C ,  
b a n d  A  d i s a p p e a r e d  a n d  f o u r  d i s t i n c t  

b a n d s  w e r e  o b s e r v e d .  T h e  i n t e n s i t y  o f  
b a n d  F  ( m y o g l o b i n )  d i d  n o t  c h a n g e  s ig 

n i f i c a n t l y  b e t w e e n  6 5  a n d  7 5 ° C ,  i n d i c a t 
i n g  n o  e x t e n s i v e  d e n a t u r a t i o n  o f  m e a t  

p i g m e n t  b e l o w  7 5 ° C .  A t  8 0 ° C ,  o n e  o f  t h e  
t o p  b a n d s  d i s a p p e a r e d  a n d  o n l y  t h r e e  
d i s t i n c t  b a n d s  w e r e  o b s e r v e d .  A t  8 5 ° C ,  

t h e  t o p  b a n d  w a s  v e r y  w e a k  a n d  t w o  d i s 
t i n c t  b a n d s  w e r e  d e t e c t a b l e  a t  t h e  b o t t o m  
o f  t h e  g e l .  A t  9 0 ° C ,  o n l y  b a n d  F  w a s  s e e n  

a t  t h e  b o t t o m  o f  t h e  g e l .  T h e  i n t e n s i t y  o f  
b a n d  F  w a s  s t i l l  s t r o n g ,  i n d i c a t i n g  t h a t  
e v e n  a t  9 0 ° C  t h e r e  i s  a  f a i r  a m o u n t  o f  
r e s i d u a l  u n d e n a t u r e d  m y o g l o b i n .  T h e  
e l e c t r o p h o r e t i c  p a t t e r n  o b t a i n e d  a t  e a c h

c o o k i n g  t e m p e r a t u r e  w a s  h i g h l y  r e p r o 
d u c i b l e  r e g a r d l e s s  o f  a  n u m b e r  o f  t e s t e d  

v a r i a b l e s  s u c h  a s  d i f f e r e n t  a n i m a l s ,  k i n d  
o f  m u s c l e ,  l e n g t h  o f  a g i n g  p e r i o d  a n d  
l e n g t h  o f  c o o k i n g  t i m e  u p  t o  2 0  m i n  a t  a  
g i v e n  t e m p e r a t u r e .

T h e s e  r e s u l t s  h a v e  t h e  f o l l o w i n g  s ig 
n i f i c a n c e :  ( a )  T h e  f o o t - a n d - m o u t h  d i s e a s e  

v i r u s  i s  i n a c t i v a t e d  a t  t h e  m o m e n t  t h a t  a n  
i n t e r n a l  t e m p e r a t u r e  o f  6 9 ° C  is  a c h i e v e d  
( H e i d e l b a u g h  a n d  G r a v e s ,  1 9 6 8 ) .  T h e  
p r e s e n c e ,  t h e r e f o r e ,  o f  f o u r  o r  l e s s  d i s 

t i n c t  p r o t e i n  b a n d s  i n  t h e  p r e s e n t  e l e c t r o 

p h o r e t i c  m e t h o d  i n d i c a t e s  t h a t  b o v i n e  
m u s c l e s  h a v e  b e e n  c o o k e d  a b o v e  7 0 ° C  

a n d  t h u s  w i l l  i n s u r e  t h e  i n a c t i v a t i o n  o f  
F M D  v i r u s ;  ( b )  B e c a u s e  o f  s u b j e c t i v e n e s s  
a n d  u n c e r t a i n t y  o f  t h e  c u r r e n t  v i s u a l  
m e t h o d  ( s q u e e z i n g  m e a t  j u i c e )  a n d  t h e  

n e e d  f o r  s a f e t y  a g a i n s t  r e g u l a t o r y  a c t i o n ,  
t h e r e  i s  a  c u r r e n t  t e n d e n c y  t o  e x c e s s i v e l y  

o v e r c o o k  i m p o r t e d  m e a t ,  f a r  i n  e x c e s s  o f  
6 9 ° C .  T h e  e m p l o y m e n t  o f  t h e  p r o p o s e d  
S D S - a c r y l a m i d e  g e l  e l e c t r o p h o r e t i c  m e t h 
o d ,  b e c a u s e  o f  i t s  h i g h  d e g r e e  o f  a c c u r a c y  
a n d  r e p r o d u c i b i l i t y ,  w i l l  m a k e  i t  p o s s i b l e  

t o  d e t e r m i n e  c o o k i n g  t e m p e r a t u r e  w i t h i n  
t h e  r a n g e  o f  ±  5 ° C .  T h i s  w i l l  o b v i a t e  t h e  
n e e d  t o  o v e r c o o k  b e e f  t o  m e r e l y  i n s u r e  

t h e  a b s o l u t e  d i s a p p e a r a n c e  o f  p i n k n e s s .  
C o o k i n g  o p e r a t i o n s  c a n  b e  c o n s t a n t l y  
m o n i t o r e d  m o r e  p r e c i s e l y .  T h e  s i g n i f i 
c a n c e  o f  p i n k  j u i c e ,  i f  i t  o c c u r s ,  c a n  b e  
c h e c k e d  a n d  c l a r i f i e d .
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