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ABSTRACTS :
I N  T H I S  I S S U E

C O L L A G E N  A N D  ELASTIN IN DIFFERENT C U T S  O F  VEAL A N D  BEEF.

I. V O G N A R O V A ,  Z. D V O R A K  & R. B O H M .  1. Food Sci. 33 ,  3 3 9 - 3 4 3  
( 1 9 6 8 ) —T h e  c o l l a g e n  a n d  e l a s t i n  c o n t e n t  w a s  d e t e r m i n e d  in d i f f e r e n t  
c u t s  o f  v e a l  a n d  b e e f .  I n c r e a s e s  in t h e  a m o u n t  o f  t o t a l  c o n n e c t i v e  t i s s u e  
a r e  p r i m a r i l y  d u e  t o  i n c r e a s e d  a m o u n t s  o f  c o l l a g e n ,  w h e r e a s  t h e  e l a s t in  
c o n t e n t  is r e l a t i v e l y  c o n s t a n t .  M o r e  c o l l a g e n  w a s  f o u n d  in v e a l  t h a n  in 
b e e f .  T h e  a m o u n t  o f  c o l l a g e n  s o l u b i l i z e d  b y  h e a t i n g  in o n e - f o u r t h  
s t r e n g t h  R i n g e r ' s  s o l u t i o n  w a s  t w i c e  a s  h i g h  f o r  v e a l  a s  f o r  b e e f  R esu lt s  
i n d i c a t e  t h a t  t h e  a m o u n t  o f  c o n n e c t i v e  t i s s u e  p r o t e i n s  in m e a t  is d e ­
p e n d e n t  u p o n  t h e  a n a t o m i c a l  l o c a t io n  a n d  t h e  p h y s i o l o g i c a l  f u n c t i o n  o f  
t h e  m u s c l e s .  R esu l ts  o f  c h e m i c a l  a n d  h i s to lo g i c a l  a n a l y s i s  a r e  d i s c u s s e d  
f r o m  t h e  s t a n d p o i n t  o f  t h e i r  n u t r i t i o n a l  s i g n i f i c a n c e .

S T U D IES IN M E A T  T E N D E R N E S S .  6 .  T h e  N a t u r e  o f  M y o f i b r i l l a r  P r o t e i n  
E x t r a c t e d  f r o m  M e a t  D u r i n g  A g i n g .  C .  L. DAVEY & K. V. GILBERT 
]. Food Sci. 33 ,  3 4 3 - 3 4 8  ( 1 9 6 8 ) — M y o s i n ,  w h i c h  c o n s t i t u t e s  5 0 - 5 2  p e  
c e n t  o f  t h e  m y o f i b r i l l a r  p r o t e i n ,  c a n  b e  w h o l l y  e x t r a c t e d  t h r o u g h o u  
a g i n g ,  w h e r e a s  ac t in  c a n  b e  e x t r a c t e d  in i n c r e a s i n g  a m o u n t s  a s  a g in -  
p r o c e e d s .  In c o n t r a s t ,  t r o p o m y o s i n  c a n n o t  b e  e x t r a c t e d  a n d  r e m a i n  
f i r m ly  h e l d  w i th in  t h e  m y o f i b r i l l a r  s t r u c t u r e s  t h r o u g h o u t  a g i n g .  A  c o m p l e  
m i x t u r e  o f  e x t r a  p r o t e i n ,  s o l u b l e  a t  lo w  io n ic  s t r e n g t h ,  is a l s o  r e l e a s e  
in i n c r e a s i n g  q u a n t i t y  d u r i n g  a g i n g .

F R O Z E N  G E E S E  Q U A LIT Y  A S  A FFE C TED  BY SEX A N D  BREED. ELIZABETH 
L A R M O N D ,  A . P E T R A S O V IT S ,  E. S. MERRITT & N .  W .  TAPE. / .  Food Sci. 
33 ,  3 4 9 - 3 5 2  ( 1 9 6 8 ) — E a t in g  q u a l i t y  o f  P i lg r im ,  H u n g a r i a n  a n d  C h i n e s e  
g e e s e  a n d  t h e i r  c r o s s e s  w a s  e x a m i n e d  in 88  g e e s e ,  e q u a l  n u m b e r s  o f  m a l e s  
a n d  f e m a l e s ,  in t w o  e x p e r i m e n t a l  p l a n s .  F la v o r  a n d  t e n d e r n e s s  w e r e  r a n k e d  
b y  a n  e x p e r i e n c e d  t a s t e  p a n e l .  A  m o d i f i e d  W a r n e r - B r a t z l e r  s h e a r i n g  d e ­
v i c e  w a s  u s e d  f o r  t e n d e r n e s s  d e t e r m i n a t i o n s .  D a t a  w e r e  o b t a i n e d  f o r  
c o o k i n g  r a t e s ,  y i e l d ,  c o l o r  a n d  m o i s t u r e  c o n t e n t .  V a r i a n c e  c o m p o n e n t s  
w e r e  e s t i m a t e d  f o r  t e n d e r n e s s  m e a s u r e m e n t s  o n  t h e  W a r n e r - B r a t z l e r  S h e a r .

A  d i f f e r e n c e  a m o n g  t h e  g e n o t y p e s  w a s  o b s e r v e d  o n l y  f o r  p e r c e n t  
f a t .  S m a l l ,  b u t  s t a t i s t i c a l ly  s i g n i f i c a n t ,  d i f f e r e n c e s  b e t w e e n  s e x e s  w e r e  
o b s e r v e d  f o r  c o o k i n g  r a t e ,  p e r c e n t  m e a t ,  m o i s t u r e  o f  b r e a s t  m e a t  a n d  
c o l o r  o f  b r e a s t  a n d  t h i g h  m e a t .

SU BSTRA TES A N D  IN T ER M E D IA TE S IN THE E N Z Y M A T I C  R E D U C T I O N  G  
M E T M Y O G L O B I N  IN G R O U N D  BEEF. B. SALEH & B. W A T T S .  J. Foo 
Sci. 33 ,  3 5 3 —3 5 8  ( 1 9 6 8 ) — I n t e r m e d i a t e s  o f  t h e  g l y c o l y t i c  p a t h w a y  w h i c  
p r o v e d  t o  b e  e f f e c t i v e  w e r e  g l y c e r a l d e h y d e - 3 - p h o s p h a t e  a n d  f r u c t o s e - 1 ,( 
d i p h o s p h a t e .  O t h e r  s u b s t r a t e s ,  o x i d i z e d  b y  N A D - l i n k e d  d e h y d r o g e n a s e  
k n o w n  t o  b e  p r e s e n t  in m e a t  a r e  a - g l y c e r o p h o s p h a t e ,  m a l a t e  a n d  g lu t ;  
m a t e .  T h e s e  a l s o  i n c r e a s e d  m e t m y o g l o b i n  r e d u c t i o n  w h e n  a d d e d  t o  m e a  
T h e  p a t h w a y  o f  e l e c t r o n  t r a n s p o r t  f r o m  N A D H  t o  m e t m y o g l o b i n  is b i  
l i e v e d  t o  b e  m a i n l y  b y  w a y  o f  DT d i a p h o r a s e  ( m e n a d i o n e  r e d u c t a s «  
a n d  q u i n o n e s ,  s i n c e  d i c u m a r o l ,  a s p e c i f i c  i n h i b i t o r  o f  t h i s  e n z y m e ,  p a  
t i a l ly  b l o c k e d  t h e  r e a c t i o n  in m e a t .

P O L Y P H E N O L I C  C O M P O U N D S  IN C A N N E D  T O M A T O  PA ST ES .  N .  RIVAS 
& B. S. LUH. / .  Food Sci. 33 ,  3 5 8 - 3 6 3  ( 1 9 6 8 ) — P o l y p h e n o l i c  c o m p o u n d s  
in c a n n e d  p a s t e s  m a d e  f r o m  V F - 1 4 5  t o m a t o e s  (.Lycopersicum cscnlentum, 
Mill) w e r e  e x t r a c t e d  w i th  m e t h a n o l  a n d  e th y l  a c e t a t e .  T h e  c o m p o u n d s  
w e r e  s e p a r a t 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  w i th  r . - b u t a n o l -  
a c e t i c  a c i d - w a t e r  ( 4 :1 : 5  v / v )  a n d  2 %  a c e t i c  a c i d  a s  s o lv e n t s .  T w e lv e  
s p o t s  w e r e  f o u n d  w h e n  t h e  c h r o m o g e n i c  r e a g e n t  w a s  FeCia-KaFe(CN)«. 
T h e  in d i v i d u a l  c o m p o u n d s  w e r e  i d e n t i f i e d  b y  t h e i r  Rf v a l u e s  a n d  c o l o r  
r e a c t i o n s  w i th  FeCLr K.,Fe(CN)0, d i a z o t i z e d  p a r a n i t r o a n i l i n e ,  H o e p f n e r ,  
s o d i u m  b o r o h y d r i d e ,  a n d  v a n i l l in -H C I  r e a g e n t s ,  f l u o r e s c e n t  b e h a v i o r ,  a n d  
a b s o r p t i o n  s p e c t r a .  P r e s e n t  in t h e  e x t r a c t s  o f  t o m a t o  p a s t e s  w e r e  t w o  
c h l o r o g e n i c  a c i d  i s o m e r s ,  t w o  c a f f e i c  a c i d  d e r i v a t i v e s ,  r u t i n ,  n a r i n g e n i n ,  
c a f f e i c  a c i d ,  a n d  f e r u l i c  a c i d .  N a r i n g e n i n  a n d  t r a n s - c h l o r o g e n i c  a c i d  
w e r e  p r e s e n t  in l a r g e r  a m o u n t s  t h a n  t h e  o t h e r  p o l y p h e n o l i c  c o m p o u n d s .

G EL S T R E N G T H  O F  K A PPA  C A R R A G E E N A N  A S  A FFE C TED  BY C A T I O N S .
M . E. ZA BIK  & P. J .  A LD RICH . J. Food Sci. 33 , 3 7 1 - 3 7 7  ( 1 9 6 8 ) — Ion- 
e x c h a n g e  w i th  A l ,  F e i2, Fe+3 a n d  S n  p r e v e n t e d  g e l  f o r m a t i o n  w h e n  e i t h e r  
t h e  e x c h a n g i n g  c a t i o n  o r  KCI w a s  u s e d  a s  t h e  g e l l i n g  sa l t .  In b o t h  t h e s e  
i n s t a n c e s  M g -  a n d  C a - e x c h a n g e d  c a r r a g e e n a n  h a d  g r e a t e r  g e l  s t r e n g t h s  
t h a n  t h e  N H 4- a n d  N a - e x c h a n g e d  o n e s .  For  n o n - e x c h a n g e d  c a r r a g e e n a n  
t h e  r a n k  o r d e r  o f  e f f e c t  o f  c a t i o n  w a s  K, C a ,  M g ,  F e +=, N H lr S n ,  F e ’3 a n d  
Al.  U s in g  i n c r e a s i n g  c o n c e n t r a t i o n s  o f  NH.iCI, N a C I ,  KCI, a n d  S n C I2 r e ­
s u l t e d  in i n c r e a s e d  g e l  s t r e n g t h  w h e r e a s ,  i n c r e a s i n g  c o n c e n t r a t i o n s  o f  
C aC Is ,  FeCIs , a n d  M g C b  d e c r e a s e d  g e l  s t r e n g t h .

F O R M A T I O N  O F  N ITRIC  O X ID E  M Y O G L O B I N :  M e c h a n i s m s  o f  t h e  Rea  
t l o n  w i th  V a r i o u s  R e d u c t a n t s .  J .  B. F o x ,  J r .  & S. A .  A c k e r m a n .  J. Foe 
Sci. 33 ,  3 6 4 - 3 7 0  ( 1 9 6 8 ) — T h e  t h e r m o d y n a m i c s  a n d  k in e t i c s  o f  t h e  f o r m  
t io n  o f  n i t r ic  o x i d e  m y o g l o b i n  h a v e  b e e n  d e t e r m i n e d  f o r  t h e  r e d u c t i c  
o f  b o t h  m e t m y o g l o b i n  n i t r i t e  a n d  n i tr ic  o x i d e  m e t h e m o g l o b i n  f o r  t f  
r e d u c t a n t s  a s c o r b i c  a c i d ,  c y s t e i n e ,  N A D H ,  h y d r o q u i n o n e  a n d  g l y c e  
a l d e h y d e .  T h e  t h e r m o d y n a m i c ,  k in e t i c ,  p H  a n d  c o n c e n t r a t i o n  d e p e n d e n t  
d a t a  h a v e  b e e n  u s e d  t o  d e t e r m i n e  t h e  m e c h a n i s m s  o f  t h e  v a r i o ’ 
r e a c t i o n s .

THE I S O L A T I O N  A N D  C H A R A C T E R I Z A T I O N  O F  A N  a  1 , 4  ( 4 ,5  d e h y d r  
g a l a c t u r o n o s y l )  G A L A C T U R O N A T E  H Y D RO L A SE.  C. W .  N A G E L  & 
H A S E G A W A .  / .  Food Sci. 33 ,  3 7 8 —3 8 2  ( 1 9 6 8 ) — A n  u n s a t u r a t e d  o l ig  
g a l a c t u r o n a t e  h y d r o l a s e  w a s  i s o l a t e d  f r o m  t h e  ce l l e x t r a c t s  o f  a Bacill 
s p .  This  e n z y m e  a t t a c k e d  o n l y  t h e  a 1 ,4  g l y c o s i d i c  b o n d  a d j a c e n t  
t h e  t e r m i n a l  4 , 5 - d e h y d r o g a l a c f u r o n a f e  o f  u n s a t u r a t e d  o l i g o g a l a c t u r o  
i d e s  a n d  p r e f e r e n t i a l l y  a t t a c k e d  s h o r t  c h a i n  u n s a t u r a t e d  u r o n i d e s .  Tf 
r a t e  o f  a c t iv i ty  w a s  m a x im a l  w i th  u n s a t u r a t e d  d i m e r  f o l l o w e d  b y  tr im  
( 6 5 %  t h a t  o f  d i m e r )  t e t r a m e r  ( 4 7 % )  a n d  p e n t a m e r  ( 3 5 % ) .  T h e  p 
o p t i m u m  w a s  6 . 3  t o  6 .6  a n d  t h e  e n z y m e  d i d  n o t  r e q u i r e  c a l c i u m  io 
f o r  its a c t iv i ty .  T h e  e n z y m e  w a s  r e l a t i v e l y  s t a b l e  b e l o w  3 0 ° C  b u t  Ic 
9 0 %  o f  its a c t iv i ty  a f t e r  10 m i n u t e s  a t  4 0 ° C .

IV
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.A R C O P L A S M I C  A N D  MYOFIBRILLAR P R O T E IN  IN  SKELETAL M U S CL E 
DF T W O  BREEDS O F  P I G .  J .  V. M c L O U G H L I N .  J . F o o d  S c i . 33 ,  3 8 3 -  
8 5  ( 1 9 6 8 ) — S a r c o p l a s m i c  a n d  m y o f i b r i l l a r  p r o t e i n s  w e r e  e x t r a c t e d  f r o m  

w o  m u s c l e s  o f  L a n d r a c e  a n d  L a r g e  W h i t e  p i g s  u s in g  s o l u t i o n s  o f  lo w  
- n d  h ig h  io n ic  s t r e n g t h s .  B r e e d  d i d  n o t  a f f e c t  t h e  e x t r a c t a b i l i t y  o f  t h e  
p ro te in s .  It w a s  c o n c l u d e d  t h a t  t h e  g e n e t i c  b a c k g r o u n d  d i d  n o t  i n f l u e n c e  
Ihe i n h e r e n t  e x t r a c t a b i l i t y  o f  t h e  s a r c o p l a s m i c  a n d  m y o f i b r i l l a r  p r o t e i n s ,  
. e . ,  t h e  e x t r a c t a b i l i t y  o f  t h e  m u s c l e  p r o t e i n s  b e f o r e  d i f f e r e n c e s  in r a t e  o f  
x > s t - m o r t e m  g l y c o l y s i s  ( c o n s i d e r e d  t o  e x i s t  b e t w e e n  t h e  t y p e s  o f  p ig  
t u d i e d )  c o u l d  i n d u c e  c h a n g e s  in p r o t e i n  s o lu b i l i t y .

M A J O R  V O LATILE C O M P O N E N T S  O F  THE J U I C E  O F  A M E R I C A N  C R A N ­
BERRY. R. J .  C R O T E A U  & I. S. F A G E R S O N .  / .  F o o d  S c i. 33 , 3 8 6 - 3 8 9  
( 1 9 6 8 ) —V o la t i l e s  f r o m  A m e r i c a n  c r a n b e r r y  ( V a c c in iu m  m a c ro c a rp o n  A it .)  
¡u ic e  w e r e  i n v e s t i g a t e d  u s in g  g a s  c h r o m a t o g r a p h y ,  m a s s  s p e c t r o m e t r y  a n d  
i n f r a r e d  s p e c t r o p h o t o m e t r y .  F o r ty - tw o  c o m p o u n d s  c o m p r i s i n g  o v e r  9 5 %  
o f  t h e  a r o m a  c o m p l e x  w e r e  i d e n t i f i e d :  14 a r o m a t i c  c o m p o u n d s ,  7  t e r -  
p e n e s ,  9  a l i p h a t i c  a l c o h o l s ,  6  a l i p h a t i c  a l d e h y d e s  a n d  6  o t h e r  c o m p o u n d s  
i n c l u d i n g  b e n z o i c  a n d  2 - m e t h y l b u t y r i c  a c i d s .  A r o m a t i c  c o m p o u n d s  a n d  
t e r p e n e s  a p p e a r  t o  b e  t h e  m a j o r  c o n t r i b u t o r s  t o  j u ic e  a r o m a .  T h e  r e ­
m a i n i n g  5 %  o f  t h e  a r o m a  c o m p l e x  c o n t a i n s  o v e r  2 0 0  c o m p o n e n t s .  A l ­
t h o u g h  o c c u r r i n g  in v e r y  s m a l l  c o n c e n t r a t i o n s ,  t h e y  a p p e a r  t o  b e  i m p o r ­
t a n t  in t h e  t o t a l  a r o m a .

3 U A N T IT A T IV E  D E T E R M I N A T IO N  O F  C A R R A G E E N A N  IN  MILK A N D  
-AILK P R O D U C T S  U S I N G  P A P A I N  A N D  CETYL P Y R ID IN IU M  C H L O R ID E .
H. D. G R A H A M .  J . F o o d  S c i. 3 3 ,  3 9 0 - 3 9 4  ( 1 9 6 8 ) —C e t y l  p y r i d i n i u m  
: h l o r i d e  (C .P .C . )  w a s  u s e d  t o  p r e c i p i t a t e  c a r r a g e e n a n  a d d e d  t o  m ilk ,  
z h o c o l a t e  m i lk ,  ic e  c r e a m  a n d  e v a p o r a t e d  m i lk  a t  l e v e l s  o f  0 .01  t o  
3 . 2 %  o f  t h e  w e i g h t  o f  t h e _  p r o d u c t .  P r e c i p i t a t i o n  w a s  c a r r i e d  o u t  in 
h e  p r e s e n c e  o f  0 . 5 —1 .0  M  KCI a n d  C e l i t e .  P r io r  t o  p r e c i p i t a t i o n ,  p a p a i n  
<vas u s e d  t o  d i g e s t  t h e  p r o t e i n s  a t  7 0 ° C .  T h e  p r e c i p i t a t e  w a s  f r e e d  o f  
s d s o r b e d  c a r b o h y d r a t e s  b y  w a s h i n g  w i th  0 . 1 %  C . P . C . - 0 . 0 5  M  KCI u n ti l  
h e  w a s h i n g s  w e r e  n e g a t i v e  t o  t h e  B e n e d i c t ' s  t e s t .  T h e n ,  t h e  p r e c i p i t a t e  
v a s  d i s s o l v e d  in 3 0 %  H 2S O 4 a n d  t h e  c a r b o h y d r a t e  c o n t e n t  d e t e r m i n e d  
a y  t h e  p h e n o l - H 2SO.i m e t h o d .  R e c o v e r i e s  o f  c a r r a g e e n a n  o f  9 0  t o  1 0 2 % ,  
d e p e n d i n g  o n  t h e  p r o d u c t ,  w e r e  o b t a i n e d .

’ E A N U T  A L C O H O L  D E H Y D R O G E N A S E .  2 .  P h y s i c o - C h e m i c a l  a n d  K in e t ic  
P r o p e r t i e s .  H. E. S W A I S G O O D  & H. E. PATTEE. / .  F o o d  S c i. 33 ,  4 0 0 -  
L05  ( 1 9 6 8 ) —S o m e  o f  t h e  p h y s i c a l ,  c h e m i c a l ,  a n d  k in e t i c  p r o p e r t i e s  o f  
a e a n u t  a l c o h o l  d e h y d r o g e n a s e  h a v e  b e e n  i n v e s t i g a t e d .  A  m o l e c u l a r  
w e i g h t  o f  1 1 2 , 0 0 0  a n d  a s e d i m e n t a t i o n  c o e f f i c i e n t  o f  5 . 4 6  S  w e r e  o b -  
a i n e d  in a q u e o u s  s a l t  s o lu t i o n s .  T h e  e n z y m e  p r e p a r a t i o n  c o n t a i n e d  1 .5
3- a t o m s  o f  Z n  p e r  m o l e  o f  e n z y m e  a n d  w a s  i n a c t i v a t e d  b y  1 , 1 0 - p h e n a n -  
h r o l i n e ,  EDTA, 8 - h y d r o x y q u i n o l i n e - 5 - s u l f o n i c  a c i d ,  a n d  i o d o a c e t a t e .  C o m -  
a a r i s o n  o f  t h e  p e a n u t  e n z y m e  k in e t i c  p r o p e r t i e s  w i t h  t h o s e  o f  y e a s t  a n d  
iv e r  a l c o h o l  d e h y d r o g e n a s e s  i n d i c a t e d  g e n e r a l l y  a g r e a t e r  s im i l a r i t y  t o  
h e  y e a s t  e n z y m e .

W H IS K E Y  C O M P O S I T I O N :  I d e n t i f i c a t i o n  o f  C o m p o n e n t s  b y  S in g l e - p a s s  
G a s  C h r o m a t o g r a p h y - M a s s  S p e c t r o m e t r y .  J .  H. K a h n ,  E. G .  L a R o e  & 
H. A . C o n n e r .  J . F o o d  S c i . 33,  3 9 5 —4 0 0  ( 1 9 6 8 ) —A  s i n g l e - p a s s  g a s - l i q u i d  
c h r o m a t o g r a p h y  m e t h o d  is d e s c r i b e d  f o r  i d e n t i f y i n g  c o m p o u n d s  n o t  
r e p o r t e d  p r e v i o u s l y  in d i s t i l l e d  a l c o h o l i c  l i q u o r s .  W a t e r - f r e e  c o n c e n t r a t e s  
o f  e t h e r - p e n t a n e  e x t r a c t s  o f  t h e  d i s t i l l a t e s  w e r e  i n j e c t e d  i n to  a g a s  
c h r o m a t o g r a p h i c  c o l u m n  t r a i n  a n d  t h e  c o l u m n  e f f l u e n t  t r a n s p o r t e d  t o  a 
m a s s  s p e c t r o m e t e r .  S e v e r a l  h y d r o c a r b o n s ,  a n d  c o m p o u n d s  a p p a r e n t l y  
r e s u l t i n g  f r o m  t h e  r e a c t i o n  o f  a c r o l e i n  w i t h  e t h y l  a l c o h o l ,  w e r e  i d e n t i f i e d  
in t h e  s a m p l e s .

G R O W T H  O F  S A L M O N E L L A E  O N  IRRADIATED A N D  N O N -IR R A D I A T E D  
S E A F O O D S .  J A C K  R. M A T C H E S  & J .  L I S T O N .  / .  F o o d  S c i. 33 ,  4 0 6 - 4 1 0  
( 1 9 6 8 )—S a lm o n e lla  g iv e  g r e w  c o m p e t i t i v e l y  in c r a b m e a t  a t  2 2 ° C  b u t  
n o t  a t  1 1 ° ,  8 ° ,  o r  5 ° C .  A t  2 2 ° C  t h e  c e l l s  g r e w  r a p i d l y  r e a c h i n g  h ig h  
n u m b e r s  in a ll  s a m p l e s ;  b u t  d e c r e a s e d  in n u m b e r s  a t  all l o w e r  t e m p e r a ­
t u r e s .  O n  E n g l i sh  s o l e  t i s s u e ,  .S'. H eid e lb erg , S .  ty p h im u r iu m  a n d  -S'. 
d e r b y  all g r e w  r a p i d l y  a t  t e m p e r a t u r e s  a s  l o w  a s  8 ° C ,  f r o m  i n o c u la  as  
l o w  a s  101 c e l l s / g  a n d  e v e n  in t h e  p r e s e n c e  o f  10  t o  1 0 0 - f o ld  h i g h e r  
n u m b e r s  o f  c o m p e t i n g  s a p r o p h y t e s .  I o n i z i n g  r a d i a t i o n  a t  r e l a t i v e l y  lo w  
le v e l s ,  b y  r e d u c i n g  t h e  n u m b e r s  o f  c o m p e t i t i v e  s a p r o p h y t e s ,  e n h a n c e s  
t h e  g r o w t h  o f  s a l m o n e l l a e  o n  fish f i l le ts .  N o  g r o w t h  w a s  o b t a i n e d  u n d e r  
a n y  c o n d i t i o n  w h e n  t h e  t e m p e r a t u r e  w a s  h e l d  b e l o w  6 ° C .

"HERM AL R E S I S T A N C E  O F  S P O R E S  O F  FIVE S T R A I N S  O F  C lo s tr id iu m , 
. o tu lin m n  TYPE E IN  G R O U N D  W H IT E F IS H  C H U B S .  F. D. CRISLEY, 
! T. PEELER, R. A N G E L O T T I  & H.  E. HALL. / .  F o o d  S c i. 33 ,  
3 1 1 - 4 1 6  ( 1 9 6 8 ) — T h e r m a l  d e a t h - t i m e  d e t e r m i n a t i o n s  in t h e  t e m p e r a t u r e  
a n g e  o f  1 6 5 °  F ( 7 3 . 9 ° C )  t o  1 8 5 ° F  ( 8 5 ° C )  w e r e  m a d e  o f  s p o r e s  o f  f i v e  

¿train A la s k a ,  4 . 3  m in ;  B e l u g a ,  2 .1  m in ;  8 E, 1 .8  m in ;  I w a n a i ,  1 .6  m in ;  a n d  
: i7o ( 8 0 ° C )  v a l u e s  f o r  t h e  d e s t r u c t i o n  o f  a p p r o x i m a t e l y  1 X  10° s p o r e s  
a e r  g r a m  o f  f ish  p a s t e  w e r e :  s t r a in  A l a s k a ,  3 4 . 2  m in ;  B e l u g a ,  1 7 . 0  m in ;  
BE, 1 4 . 0  min,- I w a n a i ,  1 2 . 5  m in ;  a n d  T e n n o ,  1 3 . 2  m in .  D 1Ta v a l u e s  w e r e :  
t r a i n  A la s k a ,  4 . 3  m in ;  B e l u g a ,  2 .1  m in ;  8 E, 1 .8  m in ;  I w a n a i  1 .6  m in ;  a n d  
e n n o ,  1 .6  m in .  Z r  v a l u e s  w e r e :  s t r a i n  A l a s k a ,  1 3 . 2 ;  B e l u g a ,  1 3 . 3 :  8 E, 1 0 . 3 ;  

-w a n a i ,  1 3 .6 :  a n d  T e n n o ,  1 3 .1 .

if

SALT, M O I S T U R E  A N D  A G I N G  TIME EFFECTS O N  THE VIABILITY O F
T r ic h in c lla  s p ir a l is  IN  PO R K  H A M S  A N D  S H O U L D E R S .  D. L. G A M ­
M O N ,  J A M E S  D. KEMP, J .  M . ED N E Y  & W .  Y. V A R N E Y .  / .  F o o d  
S c i. 33, 4 1 7 - 4 1 9  ( 1 9 6 8 ) —W e a n l i n g  p i g s  w e r e  i n f e s t e d  w i th  T ric h in e lla  
s p ir a lis , r a i s e d  t o  m a r k e t  w e i g h t  a n d  s a c r i f i c e d .  L e a n  s a m p l e s  f r o m  h a m s  
a n d  s h o u l d e r s  c o n t a i n e d  r e s p e c t i v e l y  a n  a v e r a g e  o f  1 9 2  a n d  1 7 5  l a r v a e  
p e r  g r a m .  H a m s  a n d  s h o u l d e r s  w e r e  d r y - c u r e d ,  h u n g  3 0  d a y s  f o r  s a l t  
e q u a l i z a t i o n ,  s m o k e d  a n d  a g e d  a t  7 5 ° F .  C o r e s  f r o m  s e l e c t e d  h a m s  a n d  
s h o u l d e r s  w e r e  o b t a i n e d  a t  w e e k l y  i n t e r v a l s  a n d  e x a m i n e d  f o r  t r i c h i n a e  
a n d  a n a l y z e d  f o r  s a l t  a n d  m o i s t u r e .  T h e  n u m b e r  o f  live  t r i c h i n a e  d e ­
c r e a s e d  a f t e r  s m o k i n g  u n t i l  n o  live  o n e s  w e r e  p r e s e n t  a f t e r  o n e  m o n t h  
o f  a g i n g .  P e r c e n t  m o i s t u r e  d e c r e a s e d  a n d  p e r c e n t  s a l t  i n c r e a s e d  d u r i n g  
th i s  t im e .

v
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C H E M IC A L  I N D U C T I O N  O F  M U T A T I O N  O R  V A R I A T I O N  IN  A F L O T O X I N -  
P R O D U C I N G  CU LTU RES O F  Aspergillus flaws. E. G . - H .  LEE & P. M.
T O W N S L E Y -  / .  Food Sci. 33 , 4 2 0 - 4 2 3  ( 1 9 6 8 ) —T h e  m u t a t i o n  o f  a 
s t r a i n  o f  a f l a t o x l n - p r o d u c i n g  Aspergillus flavus w a s  I n d u c e d  c h e m i c a l l y  
a f t e r  s ix  s u c c e s s i v e  g e n e r a t i o n s  o f  e x p o s u r e  t o  b a r i u m  io n s .  T h e  n e w  
c h a r a c t e r i s t i c s  e x h i b i t e d  b y  t h e  m u t a n t  o f  A. flavus a r e  t h e  i n a b i l i t y  t o  
p r o d u c e  a f l a t o x l n s  a n d  y e l l o w  p i g m e n t ,  a c c o m p a n i e d  b y  t h e  loss  o f  
f l u o r e s c e n c e  in t h e  c u l t u r e  u n d e r  u l t r a v i o l e t  l i g h t .  T h e s e  c h a n g e s  d i d  n o t  
r e v e r t  a f t e r  e i g h t  s u c c e s s i v e  p a s s a g e s  in a b a r i u m - f r e e  m e d i u m .  C h e m i c a l -  
i n d u c e d  m u t a t i o n  w a s  i n d i c a t e d  b y  t h e  m u t a t i o n  o f  c o l o n i e s  a r i s i n g  f r o m  
s i n g l e  s p o r e s .  T h e  m u t a t i o n  c h a r a c t e r i s t i c s  a r e  p e r m a n e n t  a n d  i r r e v e r s i b l e .

Clostridium perjringens IN  D EHYDRATED S O U P S  A N D  S A U C E S .  K
N A K A M U R A  & K. D. KELLY. / .  Food Sci. 3 3 ,  4 2 4 - 4 2 6  ( 1 9 6 8 ) —Th 
o r g a n i s m  w a s  f o u n d  in  1 8 . 2 %  o f  t h e  s a m p l e s .  S p a g h e t t i  s a u c e  m i x e s  h a  
t h e  h i g h e s t  I n c i d e n c e  o f  C. pcrfringens a n d  t h e  s o u p  m i x e s  h a d  th  
l o w e s t  i n c i d e n c e .  O n e  s t r a in  p o s s e s s e d  h e a t - r e s i s t a n t  s p o r e s  t h a t  w e r  
a b l e  t o  w i t h s t a n d  b o i l i n g  a t  9 7 . 4 ° C  f o r  o n e  h o u r  p r i o r  t o  i s o l a t i o n .  Th 
p r e s e n c e  o f  p r e s e r v a t i v e s  in t h e  f o o d  p r o d u c t s  d i d  n o t  i n f l u e n c e  t h e  p r e s  
e n c e  o f  C. pcrfringens In t h e s e  f o o d  p r e p a r a t i o n s .  N o  c o m m o n  i n g r e d i e r  
w a s  d e t e c t e d  a s  t h e  s o u r c e  o f  c o n t a m i n a t i o n .  T h e  g e n e r a l  p r e s e n c e  o  
th is  o r g a n i s m  in d e h y d r a t e d  s o u p s  a n d  s a u c e s  m a y  h a v e  e p i d e m i o l o g i e s  
s i g n i f i c a n c e  in C. pcrfringens f o o d  p o i s o n i n g .

NUTRITIVE QU A LITY  O F  SIM U LA TED  MILK M IX TU RES PREPARED F R O M  
T R O P I C A L  P L A N T S.  B. R. S T A N D A L  & H. G .  K IA N .  / .  Food Sci. 33 ,  
4 2 6 - 4 3 1  ( 1 9 6 8 ) — U sin g  t r o p i c a l  p l a n t  p r o d u c t s —t a r o ,  s o y b e a n s ,  a n d
c o c o n u t —f o r  c a r b o h y d r a t e ,  p r o t e i n  a n d  f a t ,  r e s p e c t i v e l y ,  m i x t u r e s  t o  
s i m u l a t e  m i lk  w e r e  p r e p a r e d  a n d  t e s t e d  o n  r a t s  f o r  t h e  q u a l i t y  o f  p r o t e i n ,  
u t i l i z a t i o n  o f  c a l c i u m ,  t h e  e f f e c t  o f  v i t a m in  BK a n d  t h e  c o m p o s i t i o n  of  
b l o o d  a n d  l iv e r .  V i t a m i n  r a i s e d  t h e  N P U  o f  Poi- ll  f r o m  4 0 . 4  t o  5 0 . 0  
b y  r a i s in g  b o t h  n i t r o g e n  i n t a k e  a n d  s t o r a g e .  T h e  N P U  o f  m i x t u r e s  Poi- ll  
r a n g e d  f r o m  5 0 . 0  t o  5 1 . 1 ,  c o m p a r e d  t o  5 4 . 4  f o r  S o b e e ,  7 6 . 6  f o r  S im i la c  
a n d  8 0 . 8  f o r  m ilk . B lo o d  h e m o g l o b i n  a n d  l i v e r  l ip id  a n d  m o i s t u r e  o f  
r a t s  f e d  t h e  m i x t u r e s  Pol-11 a n d  m i lk  w e r e  s im i l a r  a n d  w i th in  t h e  n o r m a l  
r a n g e .  Poi- ll  Is s im i la r  t o  S o b e e  f o r  p r o t e i n  q u a l i t y ,  s im i l a r  t o  m i lk  f o r  
h e m o g l o b i n  f o r m a t i o n  a n d  d e p o s i t i o n  o f  l ip id  a n d  m o i s t u r e  in t h e  l iv e r ,  
a n d  p o o r e r  t h a n  m i lk  f o r  r e t e n t i o n  o f  c a l c iu m .

L E M O N  O IL  A N A L Y S IS .  3 .  R a p i d ,  C a p i l l a r y  G a s  C h r o m a t o g r a p h y  w i th  
C o m b i n e d  F lo w  a n d  T e m p e r a t u r e  P r o g r a m m i n g .  W .  D. M a c L E O D  JR.  
J. Food Sci. 33 ,  4 3 6 —4 3 7  ( 1 9 6 8 ) —W i t h o u t  p r e l i m i n a r y  t r e a t m e n t ,  c o l d -  
p r e s s e d  l e m o n  oil w a s  g a s  c h r o m a t o g r a p h e d  o n  a 1 0 0 - f t  t e m p e r a t u r e  
a n d  f l o w  p r o g r a m m e d  c a p i l l a r y  In 1 0  m in .  T w e n t y  I m p o r t a n t  v o l a t i l e  
f l a v o r  c o n s t i t u e n t s  w e r e  I d e n t i f i e d  a n d  a p p r o x i m a t e l y  4 0  m o r e  w e r e  
d e t e c t e d .  T h e  s p e e d  a n d  c o n v e n i e n c e  o f  th is  p r o c e d u r e  s u g g e s t  u s e  
In g e n e r a l  s u r v e y  a p p l i c a t i o n s .

H Y D R O C H L O R IC  A C I D  IN I S O L A T I N G  A N T H O C Y A N I N  P I G M E N T S  F R O M  
M O N T M O R E N C Y  CH ERRIES. J .  H.  v o n  ELBE & D.  R. SCHALLER. J. Food 
Sci. 3 3 ,  4 3 9 - 4 4 0  ( 1 9 6 8 ) — D u r i n g  i s o l a t i o n  o f  c h e r r y  a n t h o c y a n i n  p i g m e n t s ,  
a n  i n c r e a s e  in t h e  a m o u n t  o f  c y a n i d l n - 3 - m o n o g l u c o s l d e  a n d  t h e  a p p e a r ­
a n c e  o f  c y a n i d i n  w e r e  n o t e d  d u r i n g  d r y i n g  In t h e  p r e s e n c e  o f  h y d r o ­
c h l o r i c  a c i d ;  in a d d i t i o n ,  a c y a n i d i n - d i g l y c o s i d e  w a s  f o u n d  n o t  a t t r i b u t a b l e  
t o  p a r t i a l  h y d r o ly s i s .

TH E M I N O R  P I G M E N T  C O M P O N E N T  O F  M O N T M O R E N C Y  CHERRIES.
D. R. SCHALLER & J .  H.  v o n  ELBE. J. Food Sci. 33 ,  4 4 2 - 4 4 3  ( 1 9 6 8 ) — 
T h e  m i n o r  p i g m e n t  c o m p o n e n t  o f  M o n t m o r e n c y  c h e r r i e s  w a s  i d e n t i f i e d  a s  
c y a n i d i n - 3 - m o n o g l u c o s i d e .

D IL U T IO N  O F  C O W ' S  MILK A N D  E G G  P R O T E I N S  W I T H  GLU TAMIC 
A C I D  A N D  THE EFFECT O N  THE P R O T E IN  E F F IC IE N C Y  R A T IO .  V. A
D A N IEL ,  B. L. M. D ES A I,  S. V E N K A T  R A O ,  M . S W A M I N A T H A N  £ 
H.  A .  B. PA RPIA . / .  Food Sci. 3 3  , 4 3 2 - 4 3 5  ( 1 9 6 8 ) - A d d i t i o n  o f  g l u  
t a m i c  a c i d  t o  d i e t s  c o n t a i n i n g  8 . 5 %  t o  5 . 0 %  e g g  p r o t e i n s  t o  m a i n t a i t  
t h e  n i t r o g e n  c o n t e n t  o f  t h e  d i e t  c o n s t a n t  a t  1 . 6 %  ( e q u a l  t o  1 0 %  p r o t e i n  
d i d  n o t  c a u s e  a n y  i n c r e a s e  in t h e  g r o w t h  r a t e  o f  r a t s  a s  c o m p a r e d  tc 
t h a t  o n  c o r r e s p o n d i n g  d i e t s  w i t h o u t  a d d e d  g l u t a m i c  a c i d .  T h e  p r o t e i r  
e f f i c i e n c y  r a t i o s  p r o g r e s s i v e l y  d e c r e a s e d  f r o m  4 . 7 4  f o r  1 0 %  e g g  p r o t e i r  
d i e t  t o  2 . 8 8  f o r  5 %  e g g  p r o t e i n  +  8 . 4 %  g l u t a m i c  a c i d  d i e t .  A d d i t i o n  o 
g l u t a m i c  a c i d  t o  d i e t s  c o n t a i n i n g  8 . 5  t o  5 . 0 %  m ilk  p r o t e i n s  t o  m a i n t a i r  
t h e  n i t r o g e n  c o n t e n t  o f  t h e  d i e t  c o n s t a n t  a t  1 . 6 %  le v e l  c a u s e d  a s i g n i f i c a n  
d e c r e a s e  in t h e  g r o w t h  r a t e .  T h e  p r o t e i n  e f f i c i e n c y  r a t i o s  a l s o  p r o g r e s s  
iv e ly  d e c r e a s e d  f r o m  3 . 4 8  f o r  1 0 %  m ilk  p r o t e i n s  t o  1 . 4 6  f o r  a m ix tu r e  
o f  5 %  m ilk  p r o t e i n s  -+- 8 . 4 %  g l u t a m i c  a c id .

P ECTIC  S U B S T A N C E S  O F  DRY B E A N S  A N D  THEIR P O SS IB LE C O R R E L A  
T I O N  W IT H  C O O K I N G  TIME. S. K O N .  / .  Food Sci. 33 ,  4 3 7 - 4 3 E  
( 1 9 6 8 ) —O n l y  a b o u t  1 6 %  o f  t h e  t o t a l  p e c t i n  e x t r a c t e d  f r o m  t h e  m a r :  
w e r e  w a t e r  s o l u b l e .  This  f r a c t i o n a t i o n  w a s  d o n e  b o t h  w i t h o u t  a n d  w i t f  
p r i o r  h e a t i n g  a n d  i n c u b a t i o n  o f  m a r c  w i th  a - a m y l a s e .  M o r e  t o t a l  p e c t i n ,  
a r e  e x t r a c t e d  w i th  t h e  a - a m y l a s e  t r e a t m e n t ,  a n d  a h i g h e r  p e r c e n t a g e  o  
t h e  e x t r a c t e d  p e c t i n  is w a t e r  s o l u b l e  a f t e r  s u c h  a t r e a t m e n t .  N o  s ig n i f ic a n -  
d i f f e r e n c e  w a s  f o u n d  b e t w e e n  t h e  p e c t i n  f r a c t i o n s  f r o m  h i g h  m o i s tu r e  
b e a n s  a n d  lo w  m o i s t u r e  b e a n s  a f t e r  p r o l o n g e d  s t o r a g e ,  e v e n  t h o u g h  t h e r e  
w a s  a s i g n i f i c a n t  d i f f e r e n c e  in t h e i r  c o o k i n g  q u a l i t y .

Q U A N T IT A T IV E  D E T E R M I N A T IO N  O F  DIACETYL BY E L E C TR O N  CA PTU R E
R. A .  S C A N L A N  & R. C .  L IN D S A Y .  / .  Food Sci. 33 ,  4 4 0 - 4 4 1  ( 1 9 6 8 ) — 
A g a s  c h r o m a t o g r a p h i c  p r o c e d u r e  u t i l i z in g  a n  e l e c t r o n  c a p t u r e  d e t e c t o  
is d e s c r i b e d  f o r  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  d i a c e t y l .  T h e  m e t h o d  
in v o lv e s  a g a s  e n t r a i n m e n t ,  o n - c o l u m n  t r a p p i n g  t e c h n i q u e ,  a n d  is a p  
p l i c a b l e  t o  c o n c e n t r a t i o n s  in t h e  p p b  r a n g e .
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Collagen and Elastin in Different Cuts of Veal and Beef

S U M M A R Y —T h e  c o l l a g e n  a n d  e l a s t i n  c o n t e n t  w a s  d e t e r m i n e d  

In d i f f e r e n t  c u t s  o f  v e a l  a n d  b e e f .  I n c r e a s e s  In t h e  a m o u n t  

o f  t o t a l  c o n n e c t i v e  t i s s u e  a r e  p r i m a r i l y  d u e  t o  I n c r e a s e d  

a m o u n t s  o f  c o l l a g e n ,  w h e r e a s  t h e  e l a s t i n  c o n t e n t  Is r e l a ­

t i v e ly  c o n s t a n t .  M o r e  c o l l a g e n  w a s  f o u n d  in v e a l  t h a n  in 

b e e f .  T h e  a m o u n t  o f  c o l l a g e n  s o l u b i l i z e d  b y  h e a t i n g  In o n e -  

f o u r t h  s t r e n g t h  R i n g e r ' s  s o l u t i o n  w a s  t w i c e  a s  h i g h  f o r  v e a l  

a s  f o r  b e e f .  R esu l ts  i n d i c a t e  t h a t  t h e  a m o u n t  o f  c o n n e c t i v e  

t i s s u e  p r o t e i n s  In m e a t  Is d e p e n d e n t  u p o n  t h e  a n a t o m i c a l  

l o c a t i o n  a n d  t h e  p h y s i o l o g i c a l  f u n c t i o n  o f  t h e  m u s c l e s .  R e ­

su l ts  o f  c h e m i c a l  a n d  h i s t o l o g i c a l  a n a l y s i s  a r e  d i s c u s s e d  f r o m  

t h e  s t a n d p o i n t  o f  t h e i r  n u t r i t i o n a l  s i g n i f i c a n c e .

INTRODUCTION
T h e r e  a r e  r e a s o n s  t o  e x p e c t  differences in the com­

position and structure of connective tissue between veal 
and beef. Wilson et al. (1954), Lawrie (1961) and Goll 
et al. (1963) have found more collagen in veal than in 
beef.

Nevertheless, Wilson et al. (1954) did not ascribe differ­
ences in the organoleptic properties of veal and beef to a 
low content of collagen in muscle of beef, but to the 
greater chronological age of the animal. Goll et al. ( 1964b, 
1964c) indicated that increased toughness of beef may be 
caused by formation of more and stronger cross-links in 
the collagen molecule.

Mature collagen in meat is also less susceptible to en­
zymic hydrolysis (Goll et al., 1964a). According to 
Harding (1965), the changes in collagen are due to the 
gradual introduction of intramolecular and intermolecular 
cross-links. Differences between the amount of cross-links 
in collagen as well as differences in digestibility can be 
evaluated to some degree on the basis of its solubilization 
by collagenase (Goll et al., 1964a), by solubilization in 
buffer medium at 100°C (Goll et al., 1964c) or at 77°C in 
^-streng th  Ringer’s solution (Hill, 1966).

Although there is considerable data on the content of 
collagen in veal and beef, little is known about the elastin 
content of meat (W ilson et al., 1954). The amount of 
both proteins can be estimated on the basis of the content of 
hydroxvproline, which is absent in other meat proteins.

However, it is not possible to ascertain the ratio of col­
lagen to elastin from hydroxyproline content, since both 
proteins contain varying amounts of this amino acid.

From a nutritional aspect, collagen and elastin are of 
lower biological value than other meat proteins. Thus, 
variation in the content of collagen and elastin influences 
the biological value of meat proteins. Dvorak et al. (1965) 
have found a linear relationship between the content of a 
particular available essential amino acid and logarithmus 
of the concentration of hydroxyproline in proteins of 
different cuts of beef. The authors ascertained that similar 
relationships also are valid for the proteins of veal. This

relationship permits determination of the biological value 
of meat proteins from the known content of nitrogen and 
hydroxyproline in meat either by the Chemical Score 
method (Mitchell et al., 1946) or as an Index of Essen­
tial Amino Acids (Oser, 1951).

Considering the unequal content of hydroxyproline in 
collagen and elastin, this relation is valid, when at a given 
amount of hydroxyproline the ratio between collagen and 
elastin is constant or when the amount of elastin in meat 
is negligible. The digestibility of the proteins of connec­
tive tissue is also important, very low in the case of elastin 
and in the case of collagen decreases with the chrono­
logical age of the animal.

This paper reports a measure of the ratio between col­
lagen and elastin in different cuts of veal and beef. The 
content of solubilized collagen by the method of Hill
(1966) was also studied as an indication of digestibility. 
To gain information on the changes in the ratio of collagen 
and elastin ir_ relationship to other meat proteins, the 
meaty part and the tendrillar part of the biceps femoris 
were analyzed independently. Chemical analysis was 
further verified by histological studies.

EXPERIMENTAL
V e a l  a n d  b e e f  s a m p l e s  were taken in the slaughter­

house from animals of red-speckled breeding. Beef samples 
were taken from heifers about 2  years old, using first or 
second quality carcasses. Veal samples were from animals 
of the same breeding, approximately 3 weeks old and 
weighing 50 to 70 kg.

Particular anatomical cuts were chosen so that the fol­
lowing muscles were predominantly present in the sam­
ples: Fillet: psoas m ajor; round: biceps femoris, glutaeo- 
biceps; lo in : longissimus dorsi, spinalis et semispinalis 
dorsi; flank: transversus abdominis, obliquus abdominis; 
rib s : mostly intercostales interni et ex tern i; neck: sterno- 
cleidomastoideus, trapezius; shank: all muscles.

Samples of the same weight from 3 heifers or 3 calves 
were taken from a particular anatomical cut. They were 
ground together and mixed. This composite sample was 
used for analysis.

The biceps femoris was dissected from 5 heifers or 5 
calves. For analysis, the meat was chosen from the broad­
est position of the front branch of its distal part, where 
it grows together with fascie lata femoris and fascie 
cruris. The tendrillar end of this muscle was also analyzed. 
Standard samples of this muscle were prepared, as de­
scribed before, for particular anatomical cuts.

For determination of collagen and elastin, the ground 
sample of tissue was homogenized with a solution of 0.2 M  
NaCl. An aliquot of the homogenate was taken for nitro­
gen determination using the semimicro-Kjeldahl analysis
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method of Block (1960). Other aliquots were diluted 
tenfold with a solution of 0.2 M  NaCl.

After correcting the pH  to 7.4, the mixture was ex­
tracted 24 hr at +  5°C and centrifugated. The insoluble 
residue was extracted once more in the same manner.

Then followed two extractions of the insoluble residue 
with a tenfold volume of 0.1 N  NaOH.

After centrifugation and discarding of the supernatant, 
the residue was washed three times with water. The resi­
due, representing the insoluble collagen and elastin, was 
autoclaved twice at 121°C with water 1 hr. The hot solu­
tions of gelatin were filtered. The insoluble residue was 
washed with boiling water three times. The combined 
solutions of gelatin were diluted to a known volume with 
water and represent the insoluble collagen. The insoluble 
residue on the filter represents the elastin. Aliquots of the 
gelatin solution as well as the total amount of elastin were 
hydrolyzed with 6  N  HC1 in sealed tubes at 110°C for 
24 hr.

The digests were used for the determination of hydroxy- 
proline by the method of Serafini-Cessi e t  al. (1964). 
Factors of 7.46 or 52.3 were used for converting hydroxy- 
proline to collagen or elastin, resp. (Neuman et al.,
1950). Hydroxyproline, as well as collagen and elastin, 
are reported in g/16 g N.

Soluble collagen was determined in the meat by solu­
bilization in -strength Ringer’s solution at 77°C as 
described by Hill (1966) followed by analysis for hydroxy­
proline. For the histological study, cuts were made from 
meaty and tendrillar parts of the biceps femoris. Collagen 
was stained in the preparations of van Gieson and Mal­
lory’s stain, while elastin was stained with W eigert’s 
resorcin fuchsin.

RESULTS
H y d r o x y p r o l i n e , c o l l a g e n  a n d  e l a s t i n  in the differ­

ent cuts of veal and beef, are given in Table 1. Results 
are expressed in g/16 g N, or a fat-free, moisture-free 
basis. The amount of connective tissue proteins was calcu­

lated from the hydroxyproline content of corresponding 
fractions of collagen and elastin, multiplied by the respec­
tive factors. The hydroxyproline content of collagen in­
creased gradually from fillet to shank. W ith exception of 
the neck, more hydroxyproline was found in veal than 
in beef. The hydroxyproline content of elastin represented 
only 0.69 to 2.05% of the total hydroxyproline and was 
varying in both veal and beef within these limits.

Collagen increased from 4.125 to 23.618 g/16 g N in 
veal and from 3.088 to 22.783 in beef. Elastin values 
varied between 0.418 and 2.144 g/16 g N for veal and 
between 0.209 to 2.510 in beef. Elastin represented from
4.7 to 9.6% and 5.4 to 15.2% of all connective tissue pro­
teins in veal and beef, respectively. The percentage of 
elastin in the connective tissue did not increase parallel 
with the total amount of collagen and elastin.

The distribution of hydroxyproline and proteins of the 
connective tissue in the biceps femoris is indicated in 
Table 2. It is remarkable that in the meaty part of this 
muscle, collagen represented a p p r o x i m a t e l y  half the 
amount of that found in the round, although the biceps 
femoris is a component of the latter. Nevertheless, the 
content of elastin is greater, and represents 37.4% and 
27.9% of the total amount of collagen and elastin in the 
samples of veal and beef, respectively. Tendrillar part of 
the biceps femoris consisted largely of collagen, the amount 
of which was 59.5 and 81.8 g/16 g N in veal and beef, 
respectively. The percentage of elastin in this cut decreased 
to 5.8 and 3.4 g/16 g N in veal and beef, respectively.

Histologically, the meaty part of the biceps femoris 
is covered by a connective tissue layer, with an average 
thickness of 0.3 mm. The connective tissue septa, which 
penetrate the inside of muscle, are relatively thin. In 
tendrillar cuts, aponeurose combines connective tissue 
layers of the outside surface and weaker connective tissue 
layer of the inside surface of this muscle. Here muscle 
fibers disappear. Both connective tissue layers of the 
surface of muscle represent mostly collagen, through which 
thinner layers only of elastin fibers penetrate.

T a b l e  1. H y d r o x y p r o l i n e ,  c o l l a g e n  a n d  e l a s t i n  in  d i f f e r e n t  c u t s  o f  v e a l  a n d  b e e f .

H y d ro x y p ro l in e Connective t is sue  pro te in s

I n  col­
lagen

I n
elastin

H y p ro
elast.
f rom

H y p ro
total. Collagen Elas t in

E la s t in  
f rom  

collagen 
+  e lastin

g / 1 6 g  N g / 1 6 g  N % g / 1 6 g  N g / 1 6 g  N %
F i l l e t : V e a l 0 .5 5 3 0 .0 0 8 1.43 4 .1 2 5 0 .4 1 8 9 .2 3

B e e f 0 .4 1 4 0 .0 0 4 0 .9 6 3 .0 8 8 0 .2 0 9 6 .3 5

R o u n d : V e a l 1 .2 9 6 0 .0 1 5 1.14 9 .6 6 8 0 .7 8 5 7.51
B e e f 0 .8 4 5 0.020 2.31 6 .3 0 4 1 .0 4 6 14 .2 3

L o i n : V e a l 1 .3 9 8 0 .0 1 5 1 .0 6 1 0 .4 2 9 0 .7 8 5 7 .0 0
B e e f 1 .2 1 9 0.010 0 .8 2 9 .0 9 4 0 .5 2 3 5 .4 4

F l a n k : V e a l 2 .5 0 9 0 .0 3 6 1.41 1 8 .7 1 7 1 .883 9 .1 4
B e e f 1 .8 7 4 0 .0 4 8 2 .5 0 1 3 .9 8 0 2 .5 1 0 1 5 .2 4

R i b s : V e a l 2 .7 0 6 0 .041 1.49 2 0 . 1 8 7 2 .1 4 4 9.61
B e e f 2 .6 0 7 0 .0 5 6 2.10 19 .4 4 8 2 .9 2 9 1 3 .1 0

N e c k : V e a l 1 .967 0 .0 2 9 1.45 1 4 .6 74 1 .5 1 7 9 .3 8
B e e f 2 .1 4 4 0 .0 2 6 1.20 15 .9 9 4 1 .3 6 0 7 .8 4

S h a n k : V e a l 3 .1 6 6 0.022 0 .6 9 2 3 .6 1 8 1.151 4 .6 5
B e e f 3 .0 5 4 0 .0 3 4 1.10 2 2 .7 8 3 1 .7 7 8 7 .8 8
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T a b l e  2 . H y d r o x y p r o l i n e ,  
f e m o r i s  o f  v e a l  a n d  b e e f .

c o l l a g e n  a n d e l a s t i n  in m e a ty  a n d t e n d r i l l a r  p a r t o f  t h e  b ic e p s

H y d roxyp ro line C onnective tis su e  p ro te in s

In  col­
lagen

g /1 6 g  N

In
e lastin  

g /1 6 g  N

H y p ro
from
elast.
H y p ro
to ta l.

%

C ollagen 
g /1 6 g  N

E las tin  
g /1 6 g  N

E las tin  
from  

collagen 
+  e lastin

%

M e a t y  p a r t  :

V e a l 0 .S 6 2 0 .0 4 8 7 .8 2 4 .1 9 3 2 .5 1 0 3 7 .4 4
B e e f 0 .4 9 0 0 .0 2 7 5 .2 2 3 .655 1 .4 1 2 2 7 .8 7

T e n d r i l l a r  p a r t  :

V e a l 7.972 0 .0 7 0 0 .8 7 59 .4 7 1 3 .661 5 .7 9
B e e f 1 0 .9 7 0 0 .0 5 5 0 .5 0 8 1 .8 3 6 2 .8 7 7 3 .3 9

Muscle in the meaty part is distributed into bundles, 
separated by connective tissue septa. The latter are thicker 
in veal than in beef. In veal they are predominantly com­
posed of elastin fibers, which are relatively rare in beef. 
Primary bundles of muscle fibers are a little thicker in 
veal than in beef. Results are indicated in Table 3 and
Fig- 1 . _

Solubilization of collagen was ascertained in particular

1 2

3 4

Fig. 1. Comparison of the thickness of muscle fibers and con­
nective tissue septa in the biceps femoris of beef and veal. Cross- 
section,. 175 X  enlarged. Van Gieson staining.
1. Muscles of beef. Connective tissue endomysium between thick 

muscle fibers.
2. Muscle of veal. Connective tissue endomysium between thin 

muscle fibers. Primary bundle contain more fibers.
3. -4. Connective tissue septum betiveen bundles of muscle fibers in

beef and veal, respectively.

T a b l e  3. Q u a n t i t a t i v e  c o m p a r i s o n  o f  m o r p h o l o g i c a l  p r o p o r t i o n s  
in  t h e  b ic e p s  f e m o r i s  o f  v e a l  a n d  b e e f .

V eal Be<?f

D im e n s i o n s  o f  m u s c l e  

b u n d le s ,  g 1 ,1 5 7  x  1 .8 1 7 2 ,7 8 9  X  3 ,2 5 8
T h i c k n e s s  o f  c o n n e c t iv e  

t i s s u e  s e p t a  b e tw e e n  

m u s c l e  b u n d le s ,  g 5 0  X  100 g  50
D im e n s i o n s  o f  p r i m a r y  

b u n d le s ,  g 5 4 4  x  3 9 9 4 5 2  x  3 3 6
N u m b e r  o f  f ib e r s  in  a  

p r i m a r y  b u n d le 1 28 76

T h i c k n e s s  o f  m u s c l e  f ib e r ,  g 3 0 .4 4 8 .3

HYDROXmOLK OF THE TOTAL COLLAGEN,

1 ' * } "
Fig. 2. Relationship betiveen the content of the total collagen 

and the soluble collagen in veal and beef. (O— veal, • — beef).
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anatomical cuts of veal and beef. The amount of soluble 
collagen contains roportionately more soluble collagen, 
pressed in Fig. 2.

Regression straight lines indicate linear dependence. 
This indicates that meat with greater amounts of total 
collagen contains proportionately more soluble collagen. 
The latter represents approximately 23% and 10% of 
total collagen in veal and beef, respectively.

DISCUSSION

T h e  p r e s e n t  p a p e r  d e s c r ib e s  the relationship be­
tween collagen and elastin in different cuts of meat. Both 
proteins were evaluated on the basis of hydroxvproline 
content, of which elastin contains a small amount in com­
parison to collagen. Values of the amount of hydroxy- 
proline for collagen and elastin indicate that there are 
negligible changes in hydroxyproline of elastin in com­
parison with total hydroxyproline. The relationship be­
tween total hydroxyproline and the content of a particular 
available amino acid is important in evaluating the meat 
proteins. This relationship enables one to enumerate the 
biological value of meat proteins.

Results indicate that the amount of the connective tissue 
proteins in meat increases according to anatomical loca­
tion and physiological function of particular muscles. In 
that sense, only collagen increases. The presence of the 
tendrillar ends of muscles specifically influences the total 
evaluation, because 59% and 82% of the collagen from 
all proteins of veal and beef is present in this part. Con­
versely, elastin with its content 0.2 to 3.7% of all meat 
proteins is relatively constant.

Goll et al. (1963) cite the ratio of collagen to elastin as 
3:1, on the basis of the work of Wilson et al. (1954). 
Nevertheless, results here cited indicate that this ratio 
changes in different cuts of meat. In the biceps femoris 
muscle, 37.4 and 27.9% of elastin from the total amount 
of the connective tissue proteins was found for veal and 
beef, respectively. These values approach the ratio cited 
by Goll et al. (1963).

In  the meaty part of the biceps femoris of veal, three 
times more elastin was found than in veal round. Also in 
other anatomical cuts of meat, the percentage of elastin 
to the total amount of the connective tissue proteins was 
not found to be constant and varied between 4.65 and 
15.24%. These low values can be explained by the fact 
that elastin penetrates muscle tissue directly but is found 
in only small amounts in the surface layers of muscles, 
which are richer in collagen.

The histological study confirms the relatively high 
amount of elastin in the biceps femoris of veal, showing 
that connective tissue septa between muscle bundles are 
composed mostly of elastin fibers, which are more abun­
dant than in beef muscle.

Larger amounts of collagen in veal than in beef confirm 
results in the literature. On the other hand, elastin con­
tent was higher in some cuts of beef than in veal. Gersh 
et al. (1949) explained greater amount of collagen and 
elastin in veal on the basis of a constant content of connec­
tive tissue in the muscle throughout the life of the animal. 
W ith increasing age, only the thickness of connective 
fibers increased. On the other hand, Hiner et al. (1953)

reported that fibers of muscle tissues increase directly 
with age. Thus, the proportion of connective tissue to 
total muscle proteins decreases.

Neseni et al. (1955) and Bohm (1963) have also 
reached the same conclusion, which has been verified by 
the results of the histological study. The number of fibers 
in primary bundles decreases with increasing age because 
connective tissue septa of perimysium become thicker 
while new, thinner primary bundles of muscle fibers arise 
by dividing. Therefore, primary bundles are thinner in 
beef than in veal. Bohm (1963) found similar changes in 
muscles of rabbit. Differences between the thickness of 
the muscle bundles of veal and beef and strength of the 
connective tissue septa between them indicate increased 
amounts of myofibrillar proteins in beef.

Structural changes in the collagen molecule also occur 
with increasing age of the animal. According to Goll et al. 
(1964b, 1964c) cross-links in the molecule are formed. 
These changes in collagen during maturation cause its 
decreased solubilization in )4-strength Ringer’s solution 
at 77° (Hill, 1966). Solubilization of collagen is to some 
degree an indicator of the number of cross-links.

Solubilization made in different parts of veal and beef 
indicates that the amount of solubilized collagen increases 
with increasing amounts of the connective tissue in con­
stant proportion. There was no differentation of collagen 
due to location of muscle but only due to the age of the 
animal. Collagen in veal contains about twice as many 
soluble compounds as beef. The amount of soluble col­
lagen may be considered also as an indicator of decreased 
digestibility of meat. A lower digestibility of beef collagen 
in comparison to veal can be attributed to the structural 
differences of collagen. These changes may also influence 
the biological value of meat proteins.
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S t u d i e s  in  M e a t  T e n d e r n e s s .

SU M M A R Y—A  study has been m ade of the m yo fibrillar p ro ­
teins extracted from beef and rabbit meat by a buffer that 
dissociates the actom yosin com plex of the muscle cell. 
M yosin, w hich constitutes 5 0 -5 2  per cent of the m yofibrillar 
protein, can be w h o lly  extracted throughout a g in g , whereas 
actin can be extracted in increasing amounts as a g in g  p ro ­
ceeds. In contrast, tropom yosin cannot be extracted and 
rem ains firm ly held within the m yo fibrillar structures thro u gh ­
out a g in g . A  com plex m ixture of extra protein, so lub le  at 
low  ionic strength, is also released in increasing quantity 
durin g a g in g . It is proposed that in meat a g in g  there is a 
p rogressive  loss of the tensile strength of the m yofibrillar 
com ponent of muscle bro u ght about by the w eaken ing and 
final d issolution of the Z -band  structures. Such a d isintegra­
tion w ould  lead to the observed changes in the extractab ili- 
ties of the m yo fibrilla r proteins.

IN T R O D U C T I O N

W h e n  m e a t  is  s t o r e d  at above freezing temperature it 
becomes progressively more tender with time (so-called 
aging), a phenomenon of considerable importance to the 
meat-processing industry. Before it is possible to deter­
mine optimal time-temperature conditions for aging it is 
necessary to understand the mechanism of the process. 
Only then can the effect on aging of such factors as the 
species, age, and pre-slaughter condition of the animal 
be expected to be understood and fully controlled.

Meat aging has usually been considered to be due to 
changes within the fibrous components of muscle, so that 
most studies of the aging mechanism have been concerned 
with alterations in the properties either of connective tissue 
or of myofibrils. However, significant and consistent bio­
chemical changes have been observed in the myofibrillar 
components only, so that meat aging is now thought to be 
due to morphological changes in these structures (Davey 
ct al., 1968). The sarcomere—the fundamental repeating 
unit of the myofibril—has a clearly-defined structure with 
a precise organization of its protein components (Huxley 
et al., 1957). Biochemical studies involving the selective

6 . T h e  N a t u r e  o f  M y o f i b r i l l a r  P r o t e i n s  

E x t r a c t e d  f r o m  M e a t  D u r i n g  A g i n g

extraction of these components have located myosin in the 
A band of the sarcomere, and actin, probably in association 
with tropomyosin, in the I-band region (Hasselbach et al., 
1951; Corsi et al., 1958). I t is to be expected that similar 
biochemical studies of changes during aging in the pattern 
of protein extractability from myofibrils would be a useful 
first step in elucidating alterations in sarcomere morphol­
ogy. In this respect a number of workers have demon­
strated clearly that an increase in extractability occurs 
when extracting buffers of relatively high ionic strength 
(I >  0.5) are used (W einberg et al., I960; Khan et al., 
1964; Aberle et al., 1966). However, other workers have 
failed to show a change in extractability during aging 
(Scharpf et al., 1964; Goll et al., 1964; Fujimaki et al., 
1965). These conflicting views have been reconciled in 
large part in a previous communication of this series 
(Davey et al., 1968), where it was shown that the extent 
of the extractability changes is determined by the ultimate 
pH value of the meat. Although these changes in extract- 
ability were consistently observed, they were small and 
therefore rather difficult to determine at low ultimate pH 
values.

In this paper, the major components of the protein 
extracted from the myofibrils during aging have been 
identified. On the basis of these extractability studies, a 
theory of meat aging is proposed.

M E T H O D S
Meat sampling

Meat was obtained from beef animals slaughtered at 
the local meat works, and from mature domestic rabbits. 
Sections of longissimus dorsi (L D ) muscles adjacent to 
the 10th-14th ribs from a variety of beef animals were 
removed after the halved carcasses had been held for 24 
hr at chilled temperature (2-4°C ). Rabbit LD muscles, 
excised as soon as possible after decapitation, were stored 
at 2°C for 16 hr in a moist nitrogen atmosphere. Zero
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times of aging for the muscles from beef and rabbit car­
casses were taken to be 24 hr and 16 hr post-mortem, 
respectively. In these times the ultimate pH values of the 
samples had been reached. Only those muscles having 
ultimate pH values below 5.7 were chosen for further 
study.

Bacterial control
In order to limit bacterial spoilage, meat samples were 

prepared under aseptic conditions (Davey et al,, 1966), 
stored in a nitrogen atmosphere and sprayed with a mix­
ture of aureomycin ( 1 0 0  ppm ) and chloroamphenicol ( 1 0 0  

ppm) at intervals during the storage period. Myofibrils 
were isolated and washed also under aseptic conditions, 
using buffers that had been boiled for 20 min. The method 
for determining the extent of bacterial growth both on 
samples of meat and in compacted myofibrils has been 
described previously (Davey et al., 1968). Strict adher­
ence to these procedures ensured that bacterial numbers 
were maintained at the low level of < 1 0 2 organisms/g 
for meat aged for 30 days at 2°C and for myofibrillar 
preparations aged for 21 days at 2°C.

Composition of extracting buffers
Buffers used for extracting proteins selectively from 

the myofibrillar preparations had the following compo­
sitions: HS buffer, 0.6M  KC1, 0AM  potassium phosphate, 
lmM  magnesium chloride, 1 0 mA/ sodium pyrophosphate, 
pH 6.4 (Hasselbach et al., 1951) ; pyrophosphate (P -P ) 
buffer of high ionic strength (I =  0.98), 0.9M  KC1, 0.02M  
potassium phosphate, 1mA/ magnesium chloride, 10mA/ 
sodium pyrophosphate, pH 6.80; phosphate-KCl buffer 
of relatively low ionic strength (I  =  0.19), 0AM  KC1,
0.05M  potassium phosphate, pH 7.0.

Preparation of myofibrils
The method for preparing myofibrils from bovine and 

rabbit LD muscles, separated as far as possible from other 
cell components and debris, has been described (Davey 
et al,, 1968).

Extraction of myofibrils
All manipulations used in the extraction of myofibrils 

were carried out at 2°C. A sample of the compacted 
myofibrils ( 8  g) containing approximately 1 0 % protein 
was made into a thick slurry, free of lumps, with 0.16A/ 
KC1 (10 ml) and 80 ml of the selected buffer (H S, P -P  
or phosphate-KCl) were added. A portion of the gently- 
stirred suspension was then removed for total-protein 
analysis. The suspensions, after 40 min stirring, were 
centrifuged for 30 min at 10,000 X G, and the concentra­
tion of extracted protein in the supernatant fraction ob­
tained was expressed as a percentage of the total protein 
concentration in the suspension.

Electrophoresis
Moving-boundary electrophoresis was carried our in the 

buffer 0.25M  NaCh 0.036A/ potassium phosphate, pH 7.6 
using the Perkin-Elmer electrophoresis apparatus (model 
38). At the pH value (7.6) and ionic strength (I  =  0.34) 
of this buffer, no precipitation of the extracted proteins 
occurred during dialysis. Myosin, actomyosin and tropo­

myosin were identified in the myofibrillar extracts from 
their electrophoretic mobilities previously determined for 
the purified proteins. If the identity of a protein was in 
doubt an additional electrophoresis run was performed on 
the extract to which the purified protein had been added. 
A single symmetrical peak after prolonged dialysis indi­
cated that the two proteins were electrophoretically identi­
cal.

Estimation of proteins
Determination of the amounts of myosin and actin in 

HS-buffer extracts is made possible by using the fact that 
the concentration of a protein is proportional to the area of 
the peak it gives in a moving-boundary electrophoresis 
diagram (Longsworth, 1939). In this study, myosin and 
actomyosin were the two major components in the protein 
solution prepared for electrophoresis. The latter protein 
is produced by a combination of F-actin with four times 
its weight of myosin (Spicer et a l . ,  1951; Maruyama et a l . ,  

1962), during the removal of pyrophosphate and mag­
nesium ions by dialysis against 0.0AM KC1. The actomyo­
sin formed, together with remaining myosin, are wholly 
precipitated at the low ionic strength (I =  0.04) of the 
dialysate and can be separated by centrifugation essentially 
free from protein that remains soluble. Thus the amount 
of myosin in the precipitates (redissolved by the electro­
phoresis buffer ) is proportional to the area of the myosin 
peak plus 80% of the area of the actomyosin peak, 
whereas the concentration of F-actin is proportional to 
2 0 % of the area of the actomyosin peak alone.

The amount of protein that remains soluble on dialysis 
can be detrmined readily so that the extraction of both 
myosin and actin from myofibrils during aging can be 
expressed as a percentage of the total myofibrillar protein. 
In practice, it was impossible to determine the area of the 
super-sharp actomyosin peak accurately. The area was 
thus estimated as the difference between the total area 
of the protein mixture undergoing electrophoresis (deter­
mined on the broad less-resolved diagram from the de­
scending limb of the electrophoresis cell) and the sum- 
mated areas of myosin (peak B ) and the small peak C
(Fig. 1).

To ensure the accuracy of the method, planimeter read­
ings of peak-areas were made on electroprohesis diagrams 
enlarged 5 times, and then only after myosin and acto­
myosin had been completely resolved by prolonged electro­
phoresis.

To determine the concentration of tropomyosin extracted 
from myofibrils by the buffers, the protein was first 
released from its association with the F-actin moiety of 
actomyosin present in the extracts (Maruyama, 1964). 
This is an essential step, as tropomyosin would other­
wise be precipitated with actomyosin during the dialysis 
to low salt concentration demanded by the method for 
determining the protein. Tropomyosin release from its 
association with actin was achieved by dialyzing the buffer 
extracts against 0.6Ai KI for 24 hr at 2°C.

The high iodide concentration has the effect of depoly- 
merizing actin irreversibly into a globular form with con­
comitant dissociation of ac to m y o sin  ( Szent-Gyorgyi,
1951). This was verified by similarly treating purified 
actomyosin. Moving-boundarv electrophoresis showed that
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myosin alone precipitates from K l-treated extracts on 
dialysis against 0.04M KC1, inactive G-actin remaining in 
solution. Further evidence that this method of KI treat­
ment gives a true measure of the tropomyosin content was 
obtained from finding that purified tropomyosin added in 
6  experiments to extracts before dialysis against K I was 
fully recovered (95% -100% ).

The viscosity drop that occurs on adding salt to a 
tropomyosin solution was used to determine the concen­
tration of this protein in the extracts (Perry  et al, 1958). 
The viscosities of the phosphate-KCl extracts and of the 
Kl-treated extracts, exhaustively dialyzed against 0.078M 
borate buffer pH 7.1, were determined at 0°C with an 
Ostwald viscometer (water-outflow time, 46 sec). The 
drop in viscosity of the extracts was then measured after 
addition of 4.0M KC1 (in the borate buffer) to a final 
concentration of 0.5M KC1.

The tropomyosin concentrations of the solutions were 
estimated from a standard curve obtained with highly- 
purified tropomyosin treated under identical conditions, 
over the range 0-1 mg protein/ml. This method was 
capable of determining tropomyosin concentrations of less 
than 0.015 mg/ml.

Preparation of purified proteins
Bovine myosin was prepared according to the method 

of Perry (1955). Actomyosin was obtained by extract­
ing well-washed myofibrillar preparations from bovine LD 
muscle with Weber-Edsall buffer (0.6M  KC1, 0.04M 
sodium bicarbonate, 0.01 M sodium carbonate, pH 9.20) 
for 16 hr at 2°C (Perry et al., 1958). Myrofibrillar debris 
was removed by centrifugation, and 1 0  vol of water was 
added. The pellet of protein obtained by centrifugation 
(2 hr, 30,000 X G) was redissolved in 0.5M KC1 and 
adjusted with water to 0.3M KC1 to reprecipitate acto­
myosin. After a further centrifugation the actomyocin was 
purified by 2 additional cycles of solution at 0.5M KC1 and 
precipitation at OEM KC1.

Tropomyosin, prepared from bovine LD muscle as de­
scribed for rabbit muscle by Bailey (1951), was found 
from electrophoresis to be approximately 70% pure. It 
was purified further by chromatography on a column of 
DEAE-cellulose (height, 25 cm; diameter 1.1 cm) using 
a linear gradient of KC1 from 0.00M to LOOM over 400 ml 
in tris buffer (0.02M, pH 8.2). Tropomyosin, free from 
less firmly held components, began emerging from the col­
umn at 0.55M  KC1 and was precipitated from the eluant 
by ethanol (Bailey, 1951).

The three purified myofibrillar proteins each gave a 
single symmetrical peak on prolonged electrophoresis. 
They were stored in 50% glycerol, 0.5M KC1 at —20°C 
for at least 6  months without showing significant changes 
in their electrophoretic patterns.

Chromatography of extra protein
The heterogeneity of the extra protein extracted during 

the aging of isolated, washed myofibrils was examined by 
ion-exchange chromatography. The protein (50-100 mg) 
was dialyzed against 0 .0 2 M  potassium phosphate buffer, 
pH 7.0 and applied to a column of DEAE-cellulose 
(height 25 cm; diameter 1.1 cm), equilibrated with the 
same buffer. The chromatogram was developed with a

linear gradient of KC1 from 0.00M to LOOM over 420 
ml in potassium phosphate buffer, 0.02M pH 7.0. Eluted 
protein was determined in 6  ml fractions by absorbancy 
measurements at 280 mg..

Profein and pH determinations
The total protein concentrations of myofibrillar sus­

pensions were determined by a micro-Kjeldahl method 
(AOAC, 1955). Protein extracted from the myofibrillar 
suspensions was determined by a biuret method (Gornall 
et al., 1949). Estimations of pH were made, using a glass 
electrode, on homogenates (M arsh et al., 1950) of meat 
samples (1-2 g) in 2mM sodium iodoacetate solution (10 
ml, pH 7.0).

RESULTS
HS b u f f e r  h a s  b e e n  u s e d  to extract myosin selectively 

from myofibrils prepared from rabbit muscle. The pyro­
phosphate and magnesium-ion constituents free myosin 
from its attachment to actin within the washed myofibrils, 
allowing solubilization at the high ionic strength (I =  
0.74) of this buffer (Hasselbach et al., 1951). An electro­
phoresis diagram, Fig. la  (i) , shows that H S buffer acts 
similarly in extracting myosin selectively from well- 
washed myofibrils of unaged bovine LD muscle. Essen­
tially all the myosin is presumed to be released during 
the extraction period of 40 min, this quantity, (50-52% 
of the myofibrillar protein) being the recognized myosin 
content of the rabbit myofibril (Hanson et al., 1957).

On the other hand the quantity of protein extracted 
from myofibrils prepared from aged muscle is much larger, 
rising throughout aging to a value greater than 70% of 
the myofibrillar protein (Davey et al, 1968). A knowl­
edge of the nature of the additional protein released from 
the myofibrils is essential to our understanding of the 
aging phenomenon. Table 1, typical of several such experi-

Fig. 1. Electrophoresis diagrams (ascending-boundary resolu­
tion) of protein precipitated from HS-buffcr extracts of myofibrils 
by dialysis against 0.04M KCl: Direction of migration, left to 
right, (a) Prepared from bovine muscle aged for different times 
at 2°C, (i) no aging; (ii) aging 10 days; (Hi) aging 24 days, 
(b) Prepared from bovine muscle and aged as well-zmshed myo­
fibrils at 2°C, (i) no aging; (ii) aging 12 days, (c) Prepared 
from tabbit muscle aged for 10 days at 2°C.
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T a b l e  1. T h e  f r a c t i o n a t i o n  a t  lo w  io n ic  s t r e n g t h  ( I  =  0 .0 4 )  o f  
p r o t e i n s  e x t r a c t e d  b y  H S  b u f f e r  a t  i n t e r v a l s  d u r i n g  t h e  a g i n g  o f  
w e l l - w a s h e d  m y o f i b r i l s  f r o m  b o v in e  L D  m u s c l e s .

D ays
ag in g
(2°C )

P e rc e n ta g e  
m yofib rilla r p ro ­

te in  ex trac ted

F rac tio n a tio n  of ex trac ted  p ro te in  a t  I  =  0.04 
(percen tage  o f m yofib rilla rd  p ro te in )

P rec ip ita te d  
com ponent 

(an d  m y o s in )1
P rec ip ita te d
com ponent

Soluble
com ponent

0 5 2 51 l l

3 61 55 5 6
5 65 57 7 8
8 6 9 59 9 10

1 T h e  m y o s in  c o n t e n t  is  a s s u m e d  to  b e  5 0 %  o f  t h e  m y o f i b r i l l a r  
p r o t e i n  ( s e e  F i g .  2 ) .

ments, shows that the additional material extracted is not 
a single protein, since it can be fractionated into a soluble 
component and (with myosin) a precipitated component 
by exhaustive dialysis of the HS-buffer extracts against 
0.04M KC1. Table 1 also shows that both the soluble 
and the precipitated components increase in quantity dur­
ing aging.

Moving-boundary electrophoresis (Fig. 1) shows that 
a number of proteins (peaks A-D in descending order of 
mobilities) are apparently precipitated at I =  0.04 from 
myofibrillar extracts of bovine and rabbit muscles. Acto- 
myosin (peak A) is virtually absent from extracts of 
unaged material, but increases at the expense of myosin 
(peak B) to become the major component (with myosin) 
as the aging of either whole meat (Fig. la ) or the myo­
fibrils prepared therefrom (Fig. lb) proceeds. This result 
shows clearly that actin is released from myofibrils into 
the HS-buffer extracts in increasing amounts during aging 
and that on dialysis against 0.04M KC1 ( removal of pyro­
phosphate and magnesium ions) it combines with 4 times 
its weight of myosin (also present) to be precipitated 
as the actomyosin of the electrophoresis diagrams.

The increase in the precipitated component (Table 1) 
is a measure of the progressive release of actin during the 
aging process of either whole meat or of well-washed 
myofibrils. A third component (peak C) always shows 
on the electrophoresis diagrams and, in extracts from the 
myofibrils of rabbit LD muscle (Fig. lc ), resolves on 
prolonged electrophoresis to give a fourth component 
(peak D ). These latter proteins (peaks C and D ) to­
gether contribute approximately 3% to the total protein 
precipitated and are possibly small amounts of soluble 
component occluded in the precipitated fraction. Similar 
results were obtained using whole meat samples of the 
LD muscles from 4 beef and 3 rabbit carcasses.

Tropomyosin is the third most plentiful myofibrillar 
component (after myosin and actin) and constitutes 1 0 % - 
1 2 % of the protein of the rabbit myofibril (Perry  et al.,
1958). From electron-microscopic studies it is considered 
to be located both in the I bands of the myofibril in close 
association with actin (Hanson et al., 1963), and in 
the Z bands (Huxley, 1963). Table 2 shows that tropo­
myosin remains resistant to release from myofibrils during 
aging.

It is not extracted by either phosphate-KCl buffer, 
which releases up to 1 0 % of the myofibrillar protein, or 
by H S buffer, which extracts myosin and increasing 
amounts of actin during aging. On the other hand, at the

T a b l e  2 . C h a n g e s  d u r i n g  a g i n g  o f  w e l l - w a s h e d  m y o f i b r i l s  f r o m  
b o v in e  L D  m u s c l e s ,  i n  t h e  t r o p o m y o s i n  c o n t e n t  ( e x p r e s s e d  a s  a  
p e r c e n t a g e  o f  t h e  t o t a l  m y o f i b r i l l a r  p r o t e i n )  o f  b u f f e r  e x t r a c t s  o f  
t h e  m y o f i b r i l l a r  p r e p a r a t i o n s .

A g ing  tim e 
a t  2°C 
(d ay s)

B u ffe r e x tra c t

A n im al P hospha te-K C l H S P -P

J e r s e y  b u l l 0 0 0 8 .7
( 6  y e a r s  o l d )  

A b e r d e e n  A n g u s
21 0 0 9.1

s t e e r 0 0 0 8 .9
(3  y e a r s  o l d ) 22 0 0 .8 9 .2

higher ionic strength of P -P  buffer, tropomyosin is wholly 
extracted from both unaged and aged myofibrils. Table 2 
also shows that the tropomyosin content of bovine myo­
fibrils ( 8 .7-9.2%) is similar to the (10-12% ) found for 
rabbit.

Although actin is the major single myofibrillar com­
ponent released in an extractable form during aging. 
Fig. 2, typical of numerous such experiments, shows that 
there is also a progressive and substantial increase in the 
quantity of extra protein extracted by buffers of low ionic 
strength. During the early period of aging, extra protein 
is extracted in greater quantity than is actin, although 
after 8  days of storage similar amounts of both ( 8 - 1 0 % of 
the myofibrillar protein) are released. Also shown in 
Fig. 2 are the curves relating aging time with the extract- 
abilities of myosin and actin (measured from electro­
phoresis diagrams) and of tropomyosin (measured visco- 
metrically). Algebraic summation of the extractability 
curves shows that myosin, actin and extra protein make 
up most of the protein extracted by H S buffer, approxi­
mately 3% remaining unaccounted for.

The nature of the extra protein, which is assumed to 
be identical with the soluble component described in Table 
1 , remains undetermined, as myosin, actin and tropo­
myosin are the only well-characterized proteins of the

o
LU

DAYS AGING.
Fig. 2. Changes in the extractabilities of myofibrillar proteins 

during the aging of isolated myofibrils from bovine LD  muscle.
Protein extracted by HS-buffer, X----- X ; actin, • ------• ;  extra
protein, □ ----- □ ;  myosin, -f--------F; tropomyosin, ■ . The sums
of the percentage extractabilities of myosin, actin and extra protein 
at intervals of aging are given by the open circles.
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Fig. 3. The change in the ion-exchange chromatogram of extra 
protein during the aging of well-washed myofibrils (1 g) from 
bovine LD muscle. Unaged myofibrils, broken line; myofibrils 
aged 10 days at 2°C, continuous line.

myofibril. The extra protein is essentially colorless, and 
is considered to be derived from the myofibrillar compo­
nents of the muscle cell and not from the sarcoplasm 
that would have been washed from the myofibrils during 
isolation, at least as judged by the complete removal of 
the red coloration of the sarcoplasmic protein, myoglobin. 
Fig. 3a, one of several such experiments, shows that the 
extra protein extracted from unaged myofibrils can be 
resolved by chromatography into at least three components 
(peaks A, B, C).

In contrast, the protein released from aged myofibrils 
is more complex and further resolves into two distinct 
components (peaks D and E ) , which constitute more 
than 90% of the extracted protein while accounting almost 
wholly for the increased extra protein from aged material. 
This extra protein extracted from the aged myofibrils 
(peaks D and E ) could be further resolved by moving­
boundary electrophoresis of a concentrated sample of the 
pooled fractions, 19-30 (Fig. 3b), and was shown to 
consist of at least 4 proteins.

DISCUSSION

It is  c o n s id e r e d  in this study that the mechanism of 
aging is a consequence of changes occurring within the 
myofibrillar component of meat and that such changes are 
related to the increase in myofibrillar protein extracted 
by H S buffer during storage.

The quantity of myosin extracted by H S buffer remains 
unchanged during aging at 50-51% of the myofibrillar 
protein. On the other hand the quantity of actin extracted 
increases and amounts to as much as 1 0 % of the myo­
fibrillar protein after a period of 2 1  days storage at 2 °C. 
This is not sufficient to form actomyosin with all the 
extracted myosin, although muscle apparently contains 
enough actin to do so (Perry  et al., 1958). It is therefore 
possible that actin is also released in a form that is unable 
to combine with myosin. Under these circumstances such 
inactive actin would be expected to make up part of the

extra protein extracted from aged material at low ionic 
strength.

Perry et al. (1958) have found that rabbit actin, on 
prolonged dialysis against 0.078M borate buffer pH 7.1, 
is converted into such an inactive form characterized by 
its insolubility in 0.75M potassium phosphate buffer pH
7.2—a fact confirmed by us for bovine actin. However 
this form of inactive actin (at least), is not present in the 
extra protein that remains soluble when dialyzed against 
the phosphate buffer.

In addition to the changes in actin extractability there 
is an increased extractability of extra protein during the 
aging of well-washed myofibrils. The location of this 
extra protein within the structure of the myofibril has not 
yet been ascertained. It is complex and possibly consists 
in part of the recently described a- and /3-actinins (Ebashi 
et al., 1965; Maruyama, 1965).

The present results have shown that tropomyosin re­
mains resistant to extraction and is only released from 
both unaged and aged myofibrils by buffers of relatively 
high ionic strength. From electron-microscopic studies 
(Hanson et al., 1963) and from evidence based on the 
finding that the tropomyosin content of extracted actin 
remains rather constant over a variety of extracting con­
ditions (Corsi et al., 1958; Maruyama, 1964), actin and 
tropomyosin have been considered to be in an associated 
form within the I bands of the sarcomeres. I t is possible, 
therefore, that during meat aging the association of actin 
and tropomyosin not only within the I bands but also 
within the Z bands (Huxley, 1963) of the sarcomeres is 
weakened or destroyed leading to the more ready extrac­
tion of actin from myofibrils by H S buffer. Indeed histo­
logical evidence presented in a previous communication 
(Davey et al., 1967), suggests that the aging changes 
giving rise to increased actin extractability are even more 
extensive, resulting in the weakening and final dissolution 
of the Z bands themselves.

Thus the aging of meat can be described from this 
evidence as a loss of the tensile strength of the myo­
fibrillar component of the muscle cell, brought about by 
the disintegration of the Z bands. This dissolution would 
be expected to lead to a change in the extractability of 
proteins contained therein, while suggesting further that 
extra protein is located, at least in part, within the Z-band 
structures of the sarcomeres.

Although it has been shown (Davey et al., 1967) that 
bacterial action enhances the extractability changes re­
ported here, the present results were obtained in the 
virtual absence of microorganisms, which therefore cannot 
be implicated. On the other hand active proteolysis of 
bacterial origin undoubtedly can enhance the changes of 
aging. Such proteolysis might actually occur in the 
presence of quite low levels of live bacteria, being related 
to the time-integral of the bacterial population rather 
than to the numbers of viable organisms present at one 
time. Indeed diffusion of proteolytic enzymes from surface 
bacteria into sterile regions of meat is all that is required.
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SU M M A R Y—The eating q uality of meat from Pilgrim , H u n g a r­
ian and C hin ese  geese and their crosses was exam ined in 88 
geese, equal num bers of males and fem ales, in two e xp e ri­
mental plans. Flavor and tenderness w ere ranked by an 
e xp erien ced  taste panel. A  m odified  W arn er-B ratzler shearing 
device  was used for tenderness determ inations. Data w ere 
obtained for co o kin g  rates, y ie ld , co lor and m oisture content. 
Varian ce  com ponents w ere estim ated for tenderness m easure­
ments on the W arn er-Bratzler Shear.

A  d ifferen ce  am ong the geno typ es was observed only for 
percent fat. Sm all, but statistically s ign ificant, d ifferences be­
tween sexes w ere observed for co o kin g  rate, percent meat, 
m oisture of breast meat and co lo r of breast and thigh meat.

IN T R O D U C T I O N
G e e s e , m a r k e t e d  p r o f i t a b l y  for centuries in Europe 

for their meat and feathers, have not been popular with 
the American consumer because of excessive body fat and 
poor appearance. There is, however, no need to market 
excessively fattened geese. Young growing geese are not 
very fat (Deskins et al., 1956).

Modern dressing and marketing practices have not gen­
erally been applied to geese and few plants have facilities 
for dressing waterfowl. Modern methods of production 
and marketing have shown a ready consumer acceptance 
for geese when attractively prepared and displayed (Sny­
der, 1959). Moderately fat, attractively marketed stock 
with distinctive flavor could find increasing use as a table 
delicacy. Geese are hardy and easy to raise. According 
to Snyder (1959) geese and ducks are among the most 
rapidly growing and efficient producers of food.

This study was undertaken to determine whether eating 
quality is related to breed, in order to assist breeders in 
developing better quality. Factors examined w ere: cook­
ing rate, cooking loss, percent meat, percent fat, moisture, 
color, tenderness and flavor of breast and thigh meat.

Little information is available on the eating quality of 
goose meat. Bean et til. (1962), studying the tenderness 
of goose meat with shear apparatus and a taste panel, 
found a marked difference between the tenderness of com­
mercially available geese and that of a group grown espe­
cially for their study. Deskins et al. (1956), studied dress­
ing losses, evisceration losses, cooking losses and percent 
of edible meat in ready-to-cook carcasses of geese, 8  to 24 
weeks old. Their work indicated that little is gained by 
growing geese to 24 weeks rather than 12 weeks. Snyder
(1959) found that the highest percentage of edible meat 
was obtained at 1 2  weeks.

Considerable work has been done on the eating quality

• F o o d  R e s e a r c h  I n s t i t u t e ,  R e s e a r c h  B r a n c h ,  C a n a d a  D e p a r t m e n t  
o f  A g r i c u l t u r e ,  O t t a w a ,  C a n a d a .

b S t a t i s t i c a l  R e s e a r c h  S e r v i c e ,  R e s e a r c h  B r a n c h ,  C a n a d a  D e p a r t ­
m e n t  o f  A g r i c u l t u r e ,  O t t a w a ,  C a n a d a .

'  A n im a l  R e s e a r c h  I n s t i t u t e ,  R e s e a r c h  B r a n c h ,  C a n a d a  D e p a r t ­
m e n t  o f  A g r i c u l t u r e ,  O t t a w a ,  C a n a d a .

of other species of poultry. Gilpin et al. (1960), and H an­
son et til. (1959), reported a series of studies in which 
“old style” slow growing chickens were compared with 
“modern style” fast growing ones. They found a notice­
able difference in flavor between sexes but no difference 
in meat tenderness between the breeds. Morrison et al.
(1954), found no significant difference in tenderness when 
comparing eight breeds and strains of chickens. Brant 
et al. (1962), studied eating quality differences which may 
be due to age, sex or genetic make-up of chickens and 
turkeys. The data did not provide a basis for one variety 
to claim superiority over another in eating quality.

Other workers (Kondra et al., 1962, Harkin et al., 
1958, Goertz et al., 1961, Peterson et al., 1959) have ex­
amined the effects of age, sex and feeding practices on 
poultry quality but the major emphasis has been on the 
influence of post-mortem factors on poultry meat ten­
derness.

E X P E R IM E N T A L
M a l e  a n d  f e m a l e  p r o g e n y  of three breeds, Pilgrim 

(P ) ,  Hungarian (H ) and Chinese (C) mated reciprocally 
in all combinations were used for this study. The breeders 
were a random sample of the three purebred populations 
and consisted of 28 males and 80 females of each breed.

The progeny were from two hatches, one month apart, 
reared on pasture, fed a balanced diet, and full-fed for 
14 days prior to slaughter at 18 weeks of age.

After slaughter, the geese were scalded at temperatures 
ranging from 144 to 150°F with an immersion time of lj / 2  

to 2 min. Following plucking, the birds were eviscerated 
and maintained overnight (about 1 2  hr) in chill tanks, 
vacuum packed in Cryovac bags and placed in a brine 
freezing ( —40°F) tank for 1J4 hr. They were subse­
quently maintained in a freezer at — 10°F for 1 to 4 
months.

Progeny of each of the reciprocal crossbred matings 
were combined for sampling and considered as one geno­
type. There were therefore a total of six different 
genotypes: 3 breeds (H H , CC and P P ) and 3 crosses 
(P H , HC and PC ), considered for sampling and design 
purposes.

Because experimental material and facilities (4 ovens) 
were limited, two experimental plans, I and II  were de­
signed. In plan I, 48 birds, 4 of each sex of the 6  geno­
types were accommodated in a triangular partially bal­
anced incomplete block design with 12 blocks of 4 birds. 
The triangular design is possible whenever the number of 
treatments— 6  genotypes—can be expressed in the form 
L ( L —1)/2, where L  is an integer; in our case L =  4. 
The design was constructed following the rules for forma­
tion of blocks stated by Bose et al. (p. 43, 1954).

In plan II, 40 birds, 4 of each sex of each of 5 geno­
types (P P  was excluded because of insufficient number)

Volume 33 (1968)— JO URN AL OF FOOD SCIENCE— 349
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were set in a balanced incomplete block design with 10 
blocks of 4 birds.
For both plans, the blocks refer to days of experimen­

tation, and both sexes of two genotypes were tested on 
any one day. For each plan, each oven was used for all 
sexes and genotypes, thus ensuring orthogonality of ovens 
to sexes and genotypes.
The number of determinations, n , made on each bird 

varied with the characteristic being assessed. For cook­
ing rate, cooking loss, fat and meat, n  — 1; for moisture 
and color, n  — 2; and for the Warner-Bratzler shear test 
for tenderness, n  — 4.
The geese were thawed overnight in cold running water, 

then rinsed, weighed and cooked at *325 °F according to 
the method described in Canada Agriculture Publication 
1189 (1964). The ovens used were of the standard do­
mestic type, calibrated to 325°F ± 15°. The geese were 
roasted until the internal breast temperature was 90°C, 
as measured by thermocouples. After cooking, the meat 
was cooled at room temperature for 30 min. and then 
removed from the breasts and thighs. Meat from the 
right breasts and thighs was used for objective evaluation 
and meat from the left for sensory evaluation.
The geese were weighed in the frozen, oven-ready and 

cooked state. In addition, weights of the following com­
ponents were obtained: loose fat removed before cooking, 
accumulated fat (Deskins e t  al. , 1956), meat removed 
from the breasts and thighs. From these data, cooking 
rates, percent cooking losses, ratio of meat to oven-ready 
weight and ratio of fat (loose fat and melted fat) to oven- 
ready weight were calculated.
Sensory tenderness evaluations were made on samples 

cut parallel to the grain of the meat from the breast using 
a cork borer, 1 cm in diameter. A double scalpel with 
two blades, 1 cm apart, was used to obtain oblong samples 
from the thigh for texture evaluation. Thin slices were 
taken from the breast and thigh for flavor evaluation.
The samples from the breast and from the thigh were 

coded and presented to a panel of six selected tasters who 
ranked them for flavor and tenderness. Rank 4 was 
assigned to the most tender sample in the case of tender­
ness rating, or to the sample with better flavor in the 
case of flavor rating. Ties were not allowed. Flavor and 
tenderness were assessed on different samples.
Samples for objective measurement of tenderness of 

breast and thigh were cut in the same manner as for sen­
sory evaluation. Shear force on four cores from each 
sample was measured by the modified Warner-Bratzler 
described by Voisey e t  al. (1967). Maximum force (g ) 
during cutting was recorded.
The meat which remained after the samples had been 

taken for tenderness analysis was put through a meat 
grinder three times, keeping breast and thigh meat sepa­
rate. The color of these ground samples was measured 
using the Hunter Color and Color Difference Meter with 
white standard. The amount of luminous reflectance (Rd) 
was recorded.
Moisture determinations were made on duplicate 10-g 

samples of ground meat using a combination of freeze­
drying and vacuum oven drying. According to this 
method, developed by Emmons and Beckett (1965) for

cottage cheese, weighed ground samples are frozen and 
dried in a freeze-drier for 16 hr, then dried in a vacuum 
oven at 100°C, 20 mm vacuum for 5 hr, cooled in a desic­
cator and weighed. This was found the most accurate 
method with the available equipment.
The data were subjected to intrablock analysis of vari­

ance (Cochran e t  al. , 1957).
In the case of sensory evaluations the ranks were first 

transformed using Table XX, p. 71, “Scores of Ordinal 
Data” (Fisher and Yates, 1953); thus 1, 2, 3, 4 were re­
placed by — 1.03; — .30; .30; 1.03 respectively.
For the characteristics which were measured objectively, 

combined estimates of the sex means and of the five geno­
type means common to experiments I and II, were ob­
tained by weighting the corrsponding estimates for I and 
II in inverse proportion to their variances. The error 
means squares— among birds— from I and II were pooled. 
In the case of sensory evaluations, where ranking was 
used, the sex and genotype means from experiments I 
and II were not combined because the PP genotype was 
not represented in experiment II. The “t” test was used 
for comparisons between sexes, and Tukey’s studentized 
range test (Scheffe, 1961) for comparisons among geno­
types.

RESULTS AND DISCUSSION
E s t im a t e s  of sex  a n d  g eno type  means, for the ob­

jective measurements, are given in Table 1 for experiment
I, along with combined estimates for experiments I and
II. The estimates for the sensory evaluations are reported 
separately for experiments I and II. The standard errors 
reported in Table 1 are those associated with the sex 
means and the genotype means; they are respectively used 
in the “t” test for comparisons between sexes, and in 
Tukey’s studentized range test for comparisons among 
genotypes. The results of the “t” tests are given in Table 1. 
For ease of presentation, the results of Tukey’s test are 
given only for the combined estimates of genotype means 
corresponding to fat, which was the only case where a 
significant difference among genotypes was observed.
Female geese required about 4 min more cooking time 

per pound than males, which was to be expected since the 
oven-ready weights of females were lower. Females had a 
slightly higher (0.6%) percentage of meat (Table 1). The 
meat from the females was lighter than that from the 
males, and the cooked breast meat was moister (1.04%) 
(Table 1). Deskins e t  al. (1956) using pressure cooking 
reported an average cooking loss of 35.4%. The overall 
cooking loss of 39.8% in our study compares fairly well 
considering that the geese were roasted. The overall value 
for meat yield (23.5%) is considerably lower than those 
reported by Snyder (1959) and Deskins e t  al. (1956). 
However, both workers used the total available meat 
whereas in the present study only meat from the breasts, 
thighs and legs was used.
The only significant difference among genotypes was in 

percent fat, where the mean values ranged from 18.0% 
for the HH to 22.8% for the PC (Table 1).
The results of objective and subjective measures of 

tenderness showed a slight overall tendency for meat from 
females to be more tender than that from males (Table
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Table 1. M eans sum m arizing the characteristics used in assessing the eating quality of geese.

E x p e r im e n t
C h a r a c te r i s t i c  n u m b e r

S e x G e n o ty p e s

M F S .E . i H H P H C C H C P C P P S .E .1

O ven-ready
w e i g h t I 6.9 5.9 6.4 6.3 6.1 6.9 6.8 6.3

Ob) I & I I 7.1 5.9 6.2 6.4 6.2 6.9 6.9

Cooking ra te I 40 33 35 34 34 38 2.4
(m in /lb ) 1 & I I 31** 35 0.8 37 35 31 31 31 1.8

Cooking losses I 37.5 37.8 41.4 43.1 43.7 41.9 1.48
(% ) I & II 39.7 40.0 0.55 37.5 39.6 39.6 40.9 41.3 1.22

F a t (% ) I 16.8 20.5 20.2 21.5 22.4 21.1 1.44 '
I & I I  2 20.9 20.6 0.47 18.0 20.6 20.7 21.4 22.8 0.99

M eat (% ) I 23.0 23.4 23.5 21.9 23.1 22.6 0.59
I & I I 23.2* 23.8 0.19 23.9 23.6 24.1 22.9 23.4 0.43

M oisture breast I 62.20 62.25 61.63 60.67 62.03 62.13 0.639
(% ) I & I I 61.61** 62.65 0.207 62.24 62.39 62.03 61.58 62.27 0.458

M oisture thigh I 61.74 62.08 59.45 59.09 61.31 59.87 0.712
(% ) I & II 60.46 61.06 0.230 61.49 61.06 60.25 60.43 60.90 0.510

Color breast I 17.1 16.9 17.2 17.0 16.9 16.7 0.48
(R d. value) I & II 16.5** 17.3 0.16 17.0 17.3 17.0 16.7 16.2 0.34

Color thigh I 18.8 18.4 16.9 18.5 17.7 18.8 0.54
(R d. value) I & I I 17.7** 18.6 0.17 18.7 18.6 17.3 17.9 17.9 0.38

Tenderness
, ( W -B ) 3 
breast I 1596 1582 1466 1715 1593 1429 140.9

I & II 1637 1605 45.6 1610 1483 1543 1875 1635 101.0

T high I 1945 2056 2622 2689 2389 2242 213.0
I & II 2406 2323 69.0 2162 2216 2646 2568 2269 152.8

Tenderness
(p a n e l)4
B reast I M 0.65 0.02 - 0 .0 7 -0 .0 1 -0 .2 5 0.47 (0.385 5 * *

F -0 .1 2 * -0 .3 8 -0 .7 5 * 0.05 0.32 0.06 ) 0 .2698
I I - 0 .0 8 0.08 0.120 -0 .2 6 0,42 -0 .1 7 -0 .3 3 0.00 0.304

T high I - 0 .0 7 0.07 0.116 0.10 0.04 0.01 - 0 .4 2 -0 .0 2 0.29 0.349
II - 0 .1 0 0.10 0.127 -0 .2 6 0.24 -0 .2 7 -0 .0 3 0.31 0.225

F lavor (p a n e l)4
B reast I 0.02 - 0 .0 2 0.078 0.07 0.04 0.01 -0 .1 1 - 0 .1 0 0.9 0.224

I I -0 .0 3 0.03 0.086 -0 .1 1 0.08 -0 .1 2 0.00 0.15 0.217

Thigh I 0.04 -0 .0 4 0.079 -0 .0 8 - 0 .1 6 -0 .0 4 - 0 .0 6 0.19 0.15 0.237
I I - 0 .1 2 0.12 0.087 -0 .0 9 0.13 0.24 - 0 .1 6 -0 .1 2 0.219

1 S tandard  e rro r based on 40 d.f.
2 V arie ty  m eans fo r percent fa t underscored by the same line are  not significantly d ifferent a t th e  5%  level, according 

to T ukey’s studentized range te s t
8 M axim um  shear force ( g ) recorded by the W arn e r-B ra tz le r apparatus.
4 T ransform ed ranks. T he h igher values denote g reater tenderness and better flavor ratings.
5 S tandard  e rro r for com parison of varieties w ithin a  sex.
8 S tandard  e rro r fo r com parison of sexes w ith in  a variety .
^D ifferences between sexes P  <  0.05. **P <  0.01.

1). However, in the two cases where differences were 
significant, the males were more tender than the females,
i.e., panel ratings of breast texture of H H  and CC geno­
types in experiment I. Since in experiment I the inter­
action sex x genotypes was statistically significant, the 
results are displayed in Table 1 in the form of a two-way 
table. The shear values obtained in this study cannot be 
compared with those reported by Bean e t  al. (1962), since 
cores of a different diameter were used.
No significant differences in flavor were found among 

sexes or genotypes (Table 1).

For experimental design purposes, the within-bird vari­
ation for color and moisture measurements was negligible. 
However, the within-bird variation for tenderness mea­
surements on the Warner-Bratzler shear was quite large. 
Since tenderness is considered the most important attri­
bute of eating quality, the variance in tenderness measure­
ments was examined. The components of error variance 
for tenderness measurements from the Warner-Bratzler 
shear test were estimated from the mean squares among 
birds and among determinations within birds, and are 
shown in Table 2. The variations within birds (Ŝ ) was
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Table 2. E stim ates of variance components for shear test.1

D .F . B r e a s t T h ig h

Am ong birds 40 59,464 157,180
W ith in  birds 264 128,906 209,046

1 M axim um  shear force (g ) recorded by the W arn er-B ra tz le r 
apparatus.

greater for the thigh than for the breast meat (P < 0.01). 
This may be accounted for by the fact that the small 
amount of thigh meat and the many different muscles made 
it difficult to get samples cut parallel to the grain of the 
meat. For both breast and thigh, the variance component 
among birds (SI) was significantly greater than zero (PCO.OI).
The contribution of the variation within-birds (S2 ) and 

the variation among-birds (S2) to the standard error of 
a mean (Sm) in n Warner-Bratzler shear test determina­
tions in each of r birds, is given in a randomized complete 
block design, by Sm = V[SVr + S2/(nr)]. Table 3 
displays the values that the standard error of the mean 
(Sm) takes on for n, r = 1, 2, 4, 8. To reduce the stan­
dard error of the mean, it is apparent from Table 3 that, 
for a fixed number of observations (nr), the design 
strategy should be to have more birds. However, if the 
number of birds is fixed, replicate determinations within 
birds do help considerably to increase the precision of the 
mean estimates.
Although differences were observed between sexes for 

some attributes of eating quality, these differences were 
generally small. The difference among genotypes in per-

Table 3. S tandard  e rro r of the mean for shear te s t1 n determ ina­
tions in  each of r  birds using estim ates of variance components 
in Table 2.

n /r 1 2 4 8

B reast l 434.0 306.9 217.0 153.4
Thigh 605.2 427.9 302.6 213.9
B reast 2 351.9 248.9 176.0 124.4
Thigh 511.6 361.5 255.7 180.8
B reast 4 302.8 214.1 151.4 107.0
T high 457.6 323.5 228.8 161.8
B reast 8 274.8 194.4 137.4 97.2
T high 428.1 302.7 214.0 151.4

1 M axim um shear force (g ) recorded by the W arn er-B ra tz le r
apparatus.

cent fat might be of interest to breeders since excessive fat 
is rejected by the consumer. No effort was made to com­
pare goose meat with other poultry, but it is felt that goose 
meat was well accepted by the panel of tasters.
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SUMMARY—Various substrates were tested for their ability 
to increase the reduction of metmyoglobin by donating elec­
trons to NAD. Intermediates of the glycolytic pathway which 
proved to be effective were glyceraldehyde-3-phosphate and 
fructose-1,6-diphosphate. O ther substrates, oxidized by NAD- 
linked dehydrogenases known to be present in meat are 
a-glycerophosphate, malate and glutamate. These also in­
creased metmyoglobin reduction when added to meat.

The pathway of electron transport from NADH to metmyo­
globin is believed to be mainly by way of DT diaphorase 
(menadione reductase) and quinones, since dicumarol, a spe­
cific inhibitor of this enzyme, partially blocked the reaction 
in meat. Higher levels of quinones did not accelerate the 
reaction.

INTRODUCTION
T h e  a c c e p t a b il it y  of meat is decreased when the 

brown pigment metmyoglobin is produced. This pigment 
can be reduced back to purplish myoglobin by enzymes 
present in meat (Stewart e t  al. , 1965). Watts e t  al. (1966) 
have shown that the reduction of both metmyoglobin and 
oxygen in meat is mediated through nicotinamide adenine 
dinucleotide (NAD) rather than succinic oxidase. Met- 
myoglobin is reduced only under anaerobic conditions. The 
nature of the substrates capable of reducing NAD and 
intermediates between NADH and metmyoglobin were 
unexplored; these areas will be considered here.
While there are a number of enzyme-substrate systems 

capable of reducing NAD in living muscle, their activity 
in post-rigor meat is unexplored. During the storage of 
intact beef muscle for 2 to 4 weeks, most of the glycolytic 
enzymes were found to be active (Andrews e t  al., 1952). 
Similar studies have been reported in fish muscle (McLeod 
e t  al., 1963).
Using histochemical techniques (Ogata e t  al., 1964; 

Bodwell e t  al., 1965), glycolytic, tricarboxylic acid cycle 
and electron transport chain enzymes have been detected 
in pork and beef muscles, although activities of some of 
these enzymes decreased with time (Bodwell e t  al., 1965). 
Lack of substrates, rather than loss of enzymes, probably 
limits reductive capacity of meat after slaughter (Andrews 
e t  al. , 1952; Bodwell e t  al., 1965 ; Watts e t  al., 1966).
Enzymes may be involved in the transport of electrons 

from reduced pyridine nucleotide to metmyoglobin. An 
attempt to isolate a metmyoglobin reductase was not suc­
cessful (Rossi-Fanelli e t  al., 1957). However, a cytoplas­
mic flavoenzyme, DT diaphorase (also known as mena­
dione reductase) was found in meat (Bodwell e t  al., 1965). 
This enzyme catalyzes the reduction of various quinones to 
quinols, which in turn may reduce ferric heme compounds 
(Ernster ct al., 1962; Conover e t  al., 1962).

The overall metmyoglobin-reducing ability in meat may 
be influenced by a number of factors such as concentration 
of NAD in meat, availability of various substrates and of 
intermediates of electron transport. Addition of NAD to 
meat was found to increase metmyoglobin reduction (Watts 
e t  al., 1966). implying that this pyridine nucleotide could 
be a limiting factor. The NAD present at the time of 
slaughter is destroyed by the action of several enzymes 
which are brought into contact with the nucleotides upon 
maceration of the tissues (Severin e t  al., 1963). Whether 
substrates and electron carriers are also limiting is not known.
A better understanding of the contributions of each of 

these factors could lead to an improvement in reducing 
ability by addition of the limiting factor. The purpose of 
this research is to study the effect of adding various sub­
strates and intermediates on metmyoglobin reduction in meat.

MATERIALS AND METHODS
Chemicals and solutions
Sources of chemicals used in this study were: nicotin­

amide adenine dinucleotide (NAD), nicotinamide adenine 
dinucleotide phosphate (NADP), and fructose-1,6-di­
phosphate (FDP) from Calbiochem; DL-glyceralde- 
hyde-3-phosphate (gly-3-p), DL-a-glycerophosphate, 
DL-isocitrate, malate, iodoacetate and dicumarol from 
Sigma Chemical Co.; fructose-6-phosphate, glucose-1- 
phosphate, glucose-6-phosphate, glutamate and menadione 
from Nutritional Biochemicals Co.; 1-2-naphthoquinone 
and p-benzoquinone from Eastman Organic Chemicals;
2-6-dimethylbenzoquinone from K and K Lab., Inc.
The stock solutions were prepared in distilled water 

except for quinones and dicumarol which were dissolved 
in propylene glycol or ethyl alcohol. Dilutions were made 
from the stock solution so that the appropriate amount of 
the test substance was contained in 1 to 2 ml volume. Con­
trols (without test substance) contained the solvent alone.
DL-glyceraldehyde-3-phosphate solution was prepared 

from diethylacetal barium salt according to the method 
described by Sigma Technical Bulletin No. 10 (1961).
Preparation of meat samples

Beef semitendinosus (eye of round) from local packing 
plants was used. All meat was trimmed of external fat, 
ground twice and mixed just before each experiment. No 
attempt was made to adjust the pH of the meat, but 
solutions to be added were adjusted to the pH of the meat 
when necessary, so that all variations within a single ex­
periment had the same pH. Fifty-gram portions were
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placed in polyethylene bags and stored in the refrigerator 
at 1 to 5°C until the time of assay (2 to 6 hr).
Metmyoglobin reducing activity was measured as de­

scribed by Watts e t  al. (1966).
RESULTS AND INTERPRETATION

Addition of substrates capable of supplying hydrogen to NAD
I n t e r m e d i a t e s  o f  g l y c o l y t i c  p a th w a y . Watts e t  al. (1966) 

demonstrated that NAD addition to meat increased the 
reduction of metmyoglobin, but its effectiveness varies 
considerably in samples of meat from different animals 
(Saleh, 1967). Varying amounts of suitable substrates may 
be the limiting factor. Since all of the glycolytic enzymes 
are still potentially active in post rigor meat, various inter­
mediates of the glycolytic pathway were tested for their 
ability to increase metmyoglobin reduction.

G l y c e r a l d e h y d e - 3 - p h o s p h a te . Three experiments on the 
addition of gly-3-p in the presence of NAD are summarized 
in Table 1. Metmyoglobin reduction was increased in the 
treated samples as compared to the controls.
The immediate response to gly-3-p is clearly shown in 

Fig. 1 when the reduction was measured every 2 min. 
Whereas 50% reduction of metmyoglobin was obtained 
in 15 min as a result of gly-3-p addition, only 8% of the 
pigment was reduced in the control within this time period. 
The magnitude of gly-3-p response tended to be more pro­
nounced in those experiments in which the reducing ability 
of the control was low. It is probable that in the more 
active controls, greater amounts of endogenous substrates 
were present.
Iodoacetate in low concentration is known to inhibit 

glyceraldehyde-3-p-dehydrogenase (Cori e t  al., 1948). The 
extent of inhibition in pure systems varies from 85 to 95% 
(Cori e t  a l ., 1948; Dixon, 1937).
The effect of iodoacetate on metmyoglobin reduction 

was investigated in meat containing added gly-3-p. The 
results (Table 2) show a maximum inhibition of 73%. Other 
enzyme substrate systems, i.e., glutamate and its associated 
dehydrogenase (Singer e t  al., 1954), and malic dehydro­
genase (Dixon, 1937) which are not as sensitive to iodo­
acetate as gly-3-p, may also contribute electrons for the 
reduction of NAD.
Another possible reason for incomplete inhibition is that 

in the presence of excess gly-3-p, the enzyme is protected 
from inhibition by iodoacetate (Segal e t  al. , 1953). The 
extent of inhibition by iodoacetate was the same in the

T able  1. E ffect of glyceraldehyde-3-phosphate on m etm yoglobin 
reduction.

E x p e r im e n t
N o .

G ly -3 -p  
a d d e d  
m g  %

M e tm y o g lo b in  
re d u c t io n  
in  15 m in  

%  o f  c o n tro l

T im e  fo r  
5 0 %

r e d u c t io n
(m in )

l 0 100 30
30 334
60 1170 12

2 0 100 36
60 650 15

3 0 100 15
60 175 7

120 178 5

A ll samples contained 40 mg % N A D .

TIME IN MINUTES
F ig . 1. E f f e c t  o f  g ly - 3 -p  o n  m e tm y o g lo b in  r e d u c t io n  in  g r o u n d  

b ee f. B o th  s a m p le s  c o n ta in e d  40  m g  %  N A D .  C o n c e n tr a t io n  o f  
g ly - 3 -p  in  th e  t e s t  s a m p le  w a s  60  m g  %.

presence and in the absence of gly-3-p, indicating that this 
glycolytic intermediate may be an important endogenous 
substrate in meat.

F r u c to s e - 1 ,6 - d i p h o s p h a te  ( F D P ) . Gly-3-p can be de­
rived by the hydrolytic cleavage of FDP by the action of 
aldolase shown to be present in meat (Andrews e t  al.,
1952). FDP was therefore tested for its effect on metmyo­
globin reduction. A 2- to 3-fold increase in the rate of 
reduction of metmyoglobin was noticed in four experiments 
(Table 3). The results indirectly confirm the finding that 
aldolase is present in post-rigor meat (Andrews e t  al.,
1952).
When iodoacetate was added to meat along with FDP, 

a maximum inhibition of 60% in metmyoglobin reduction 
was observed.

D L - a - g l y c e r o p h o s p h a te . Another substrate indirectly 
related to the glycolytic pathway, whose oxidation is de­
pendent on NAD, is a-glycerophosphate. The DL form

Table 2. E ffect of iodoacetate on m etm yoglobin reduction in the 
presence of glyceraldehyde-3-phosphate.

I o d o a c e ta te  
a d d e d  
m g  %

M e tm y o g lo b in  
r e d u c t io n  
in  15 m in  

%  o f  c o n tro l

T im e  fo r  
5 0 %

r e d u c t io n
( m in )

0 100 5
100 53 I S
200 27 28
300 33 29

A ll samples contained 40 mg % N A D  and 60 m g %  Gly-3-p.
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Table 3. E ffect of fructose-1,6-diphosphate on metmyoglobin 
reduction.

E x p e r im e n t
N o .

F D P
a d d e d
m g  %

M e tm y o g lo b in  
_ re d u c t io n  
in  15 m in  

%  o f  c o n tro l

T im e  f o r  
5 0 %

r e d u c t io n
( m in )

l 0 100 17
150 224 5
300 237 5

2 0 100 28
300 334 8

3 0 100 18
300 248 5

4 0 100 2 0

300 264 5

All samples contained 40 m g  % N A D .

was tested for its effect on metmyoglobin reduction in meat. 
The enzyme, a-glycerophosphate dehydrogenase, located 
both in the soluble cytoplasm and in the mitochondria, may 
act as carrier of the NADH hydrogen across the mito­
chondrial membrane (Estabrook e t  al., 1958). This dehy­
drogenase has been reported to be present in meat 
(Bodwell e t  al. , 1965). The results of the addition of vari­
ous amounts of substrate along with NAD are reported 
in Table 4. Stimulation of metmyoglobin reduction was 
\ y 2 -  to 2-fold.

G lu c o se  a n d  s o m e  h e x o s e  m o n o p h o s p h a te s . The results 
of experiments on the addition to meat of glucose, glucose-
6-phosphate, glucose-1-phosphate and fructose-6-phosphate 
were erratic ; metmyoglobin reduction ranged from 25 to 
170% of the control. No consistent increase in reduction 
was obtained with any of the compounds.
The observation that FDP addition resulted in stimula­

tion of metmyoglobin reduction, whereas none of the mono­
phosphate sugars gave such an effect, demonstrates the 
importance of the second phosphorylation. ATP is neces­
sary for the conversion of monophosphorylated sugars to 
sugar diphosphates. Lack of ATP in post-rigor meat may 
limit this reaction.
Although lactate is present in large amounts in post-rigor 

meat and its oxidation is NAD dependent, the equilibrium 
of the lactic dehydrogenase reaction favors the oxidation 
rather than the reduction of NAD. Lactate was, therefore, 
not used as a test substance.
Some tricarboxylic acid cycle intermediates

I s o c i t r a te . Early in this study it was observed that the 
addition of NADP to meat either had no effect or slightly

Table 4. Effect 
reduction.

of D L -a- glycerophosphate on metmyoglobin

E x p e r im e n t
N o .

D L -a -g ly c e ro  
p h o s p h a te  

a d d e d  
m g  %

M e tm y o g lo b in  
re d u c t io n  
in  10 m in  

%  o f  c o n tro l

T im e  fo r  
5 0 %

re d u c t io n
( m in )

l 0 100 15
40 130 11

200 197 6
400 186 6

2 0 100 13
200 156 8
400 158 8

Table 5. E ffect of D 'L-isocitrate on m etm yoglobin reduction in 
presence of N A D P .

D L - is o c i tr a te  
a d d e d  
m g  %

M e tm y o g lo b in  
re d u c t io n  
in  15 m in  

%  o f  c o n tro l

T im e  f o r  
5 0 %

r e d u c t io n
(m in )

0 100 51
20 136 41
40 236 26
60 264 23

All samples contained 20 m g %  N A D P .

inhibited metmyoglobin reduction. However, isocitrate 
addition, along with NADP, stimulated reduction as com­
pared to NADP controls (Table 5). The presence of 
isocitrate dehydrogenase has been demonstrated in post­
rigor meat (Bodwell e t  al. , 1965)- From these results it 
appears that the ineffectiveness of NADP additions to meat 
may be ascribed to the lack of NADP-linked substrates.
Isocitrate addition, along with NAD to meat, inhibited 

metmyoglobin reduction. The reason for this inhibitory effect is not clear.
L - m a l a te . Another substrate of the citric acid cycle, the 

oxidation of which proceeds via NAD, is malate. When 
L-malate was added to meat in the presence of NAD, it 
increased the reduction of metmyoglobin by a factor of 
l J/ 2  to 2 (Table 6). This is presumptive evidence for the 
presence of malic dehydrogenase in post-rigor meat.
L-glutamate
Glutamate has been shown to be present as part of the 

free amino acid pool in meat (Gardner e t  al., 1966). 
In addition, it is an inexpensive substrate, and is used 
widely in foods to enhance flavor. The enzyme catalyzing 
its oxidation, glutamic dehydrogenase, has also been re­
ported in meat although its activity was somewhat low 
(Ogata e t  al., 1964; Bodwell e t  al., 1965).
The results of five experiments using different concentra­

tions of L-glutamate are shown in Table 7. All five experi­
ments were carried out under anaerobic conditions and 
additional NAD had been added to the meat samples. Re­
sults ranged from no effect in one experiment to marked 
stimulation.
Since L-glutamate gave promising results, it was tested 

further under both aerobic and anaerobic conditions and 
in the presence and absence of added NAD. The study 
under aerobic conditions was prompted by the fact that, in 
practice, meat is generally marketed in packaging material 
permeable to oxygen. The results are shown in Table 8. 
With all experimental variations, glutamate enhanced the 
reduction of metmyoglobin. The acceleration due to glu­
tamate was greatest under aerobic conditions, without

Table 6. E ffect of L -m alate on m etm yoglobin reduction.

L -m a la te  
a d d e d  
m g  %

M e tm y o g lo b in  
re d u c t io n  
in  15 m in  

%  o f  c o n tro l

T im e  fo r  
5 0 %

re d u c t io n
(m in )

0 100 24
140 164 16
280 193 14

A ll samples contained 40 mg % N A D . All samples contained 40 mg % N A D .
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Table 7. E ffect of L -glu tam ate on m etm yoglobin reduction.

E x p e r im e n t
N o .

L - g lu ta m a te  
a d d e d  
m g  %

M e tm y o g lo b in  
r e d u c t io n  
in  15 m in  

%  o f  c o n tro l

T im e  f o r  
5 0 %

r e d u c t io n
(m in )

i 0 100 12
20 191 8

200 230 5
400 200 8

2 0 100 13
200 133 10
400 197 7

3 0 100 12
200 136 10

4 0 100 16
200 113 14

S 0 100 14
200 102 12

A ll samples contained 40 mg % N A D .

added NAD. Under these conditions the metmyoglobin 
reducing ability of the control itself was low.
In two additional experiments, meat treated with gluta­

mate was stored for some days under both aerobic and 
anaerobic conditions and its reducing activity compared 
with untreated controls. The metmyoglobin-reducing ac­
tivity of the glutamate-treated samples remained high over 
the storage period, whereas reduction in the controls de­
creased steadily. However, neither spectrophotometrically 
determined metmyoglobin nor subjective color ratings were 
significantly different in stored treated samples versus 
controls.
Role o f qu inones as possible in te rm ed ia tes

Quinones have been reported to mediate metmyoglobin 
reduction by NADH or NAD PH in pure systems (Rossi- 
Fanelli el a l . ,  1957 ) .  DT diaphorase, a cytoplasmic en­
zyme, is present in meat (Bodwell e t  a l . ,  1965) and may 
be involved in metmyoglobin reduction. The purified en­
zyme has been shown to catalyze the oxidation of both 
NADH and NADPH with various quinones acting as elec­
tron acceptors (Ernster e t  a l . ,  1962). The role of quinones 
in the electron flow from NADH to metmyoglobin can be 
schematically presented as follows:
NADH \ / Quinones >b ^ Myoglobin
NAD / \ Quinols J  \  Metmyoglobin
Various quinones were tested to determine whether in­

sufficient quinone might be a limiting factor in metmyo­
globin reduction in meat. Menadione, (2-methyl-1,4-naph­
thoquinone), 1,2-naphthoquinone, p-penzoquinone, and 2,6- 
dimethylbenzoquinone were tried. They either had no 
effect or somewhat inhibited reducing activity. During the 
mixing of some of the quinones (particularly naphtho­
quinone) with the ground meat, a rapid oxidation of meat 
pigments to metmyoglobin (brown color) was observed 
before the actual addition of the oxidizing agent (ferricy- 
anide) to meat.
It is likely that there already are enough quinones pres­

ent in meat to mediate the transport of electrons from

Table 8. Effect of L -glu tam ate on metm yogobin reduction under 
aerobic and anaerobic conditions.

T im e  fo r  5 0 %  
m e tm y o g lo b in  

r e d u c t io n  
(m in )

M e tm y o g lo b in  r e d u c t io n  
%  o f  c o n t ro l  in

T r e a tm e n t 15 m in 25 m in

Anaerobic
N A D -contro l 14 100
N A D  +  L -glutam ate 11 130
C ontrol— (no N A D ) SO 100
Control +  L -glutam ate 28 342

Aerobic
N A D -contro l 31 100
N A D -L -glutam ate 17 220
Control— ( n o  N A D ) SO1 100
Control +  L -glutam ate 29 1 600

1 Tim e for 20%  m etm yoglobin reduction.
C oncentrations used: N A D , 40 m g % ; L -glu tam ate, 400 m g %.

NADH to metmyoglobin. Additional amounts might be 
expected to have an adverse effect on metmyoglobin reduc­
tion. Harley e t  al. (1962a,b) found the concentration of 
menadione to be critical in the enzymatic reduction of 
methemoglobin. Higher concentrations not only oxidize 
oxyhemoglobin to methemoglobin but also inactivate cer­
tain of the cellular enzymes concerned with the reduction 
of methemoglobin. Magos (1964) has shown that quinones 
not only oxidize ferrous hemes but also bring about the 
formation of globin hemochromogens.
T h e  e ffe c t o f d icum aro l on m e tm yo g lo b in  re d u c tio n .

DT diaphorase has been reported to be strongly inhibited 
by dicumarol (Ernster e t  al., 1962). Moreover, dicumarol 
seems to be highly specific for this enzyme. Other dia­
phorase activities found in rat liver were not appreciably 
affected by even a 1,000-fold excess of the concentration 
needed for a complete inhibition of the DT diaphorase.
The results of two experiments on dicumarol addition 

to ground meat are shown in Table 9. The concentrations 
of dicumarol used ranged from 0.2 to 20 mg %. Inhibition 
varied from 0 to 63%. The dicumarol was difficult to 
dissolve; even at 0.2 mg/ml a true solution could not be 
obtained. The actual amount in solution at the higher 
concentration is not known.
The partial inhibition indicates that DT diaphorase plays 

a role as an intermediate in metmyoglobin reduction. The 
fact that inhibition was not complete may mean either that

Table 9. Effect of dicum arol on m etm yoglobin reduction.

E x p e r im e n t
N o .

D ic u m a ro l  
a d d e d  
m g  %

M e tm y o g lo b in  
r e d u c t io n  
in  15 m in  

%  o f  c o n tro l

T im e  fo r  
5 0 %

r e d u c t io n
(m in )

i 0 100 17
0.2 100 17
0.4 66 22
1.0 80 21

2 0 100 14
0.2 100 14
0.4 44 20
1.0 62 19

2 0 37 20

All samples contained 40 mg % N A D .
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CITRIC ACID CYCLE INTER­
MEDIATES

GLYCOLYTIC INTERMEDIATES OTHERS

MALATE GLYCERALDEHYDE-3- PHOSPHATE 
OC- GLYCEROPHOSPHATE 

FRUCTOSE- 1,6-DIPHOSPHATE
GLUTAMATE

NAD

INTERMEDIATES(QUINONES?)

- e

METMYOGLOBIN
F ig . 2 . H y p o th e t ic a l  s c h e m e  fo r  th e  r o le  o f  s u b s tr a te s  a n d  in te r ­

m e d ia te s  in  m e tm y o g lo b in  r e d u c t io n  in  m e a t. E T C  =  e le c tr o n  
t r a n s p o r t  ch a in .

DT diaphorase is not completely inhibited or that there is 
an additional pathway for the transport of electrons from 
NADH to metmyoglobin. Rossi-Fanelli e t  al. (1957) 
showed that the non-enzymatic reduction of metmyoglobin 
by NADH occurs at a measurable rate in the presence of 
quinones.

DISCUSSION
F r o m  t h e  r e s u l t s  obtained in the present investigation, 

a number of substrates, any one of which may be present 
in trace amounts in meat, may be utilized to supply elec­
trons to NAD and metmyoglobin according to the following 
scheme (Fig. 2). This work does not shed light on the 
actual endogenous substrates responsible for reducing activ­
ity in meat. However, it does demonstrate that, in meat, 
the rate of reduction of NAD controls the over-all rate of 
reduction of metmyoglobin. The step or steps between 
NADH and metmyoglobin apparently proceed rapidly, 
once NAD is reduced.
This work also demonstrates that the reducing activity 

of most samples of meat can be increased by the addition 
of appropriate substrates. From a practical standpoint, of 
the substrates used, only monosodium glutamate is cheap 
enough to be seriously considered.
Insufficient quantities of NAD also limit reducing activ­

ity of most samples of meat. Again NAD is far too 
expensive to be considered as an additive to meat except 
for experimental purposes. However, practical treatments 
which will protect the NAD normally present in meat

have been investigated and will be described in the near 
future.
The larger question of the possible benefits to be derived 

from increasing the reducing activity of meats is still un­
clear. Hutchins e t  al. (1967) found a significant but not 
very high correlation between the reducing activity of 
meat from different animals and their tendency to resist 
browning (pigment oxidation) during refrigerated storage. 
However, in the present study, when the reducing activity 
of a single batch of meat was increased by the addition of 
glutamate, no significant improvement in appearance or 
decrease in metmyoglobin was noted in the treated samples 
after refrigerated storage.
The problem is complicated by the fact that autoxidation 

of myoglobin is much more rapid at low oxygen tensions 
than in air. Thus, the partial removal of oxygen from 
packaged meat by enzymatic activity could accelerate 
autoxidation. A systematic study of the relation of reducing 
activity to meat color under a variety of storage conditions 
is needed.
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SUMMARY—Polyphenolic compounds in canned pastes made 
from VF-145 tomatoes (L y c o p e r s ic u m  e s c u le n tu m , Mill) were 
extracted with methanol and ethyl acetate. The compounds 
were separated by two-dimensional paper chromatography 
with n-butanol-acetic acid-water (4:1:5 v/v) and 2% acetic 
acid as solvents. Twelve spots were found when the chro- 
mogenic reagent was FeCI3-K3Fe(CN)6. The individual com­
pounds were identified by their Rf values and color reactions 
with FeCI3-K3Fe(CN)6, diazotized paranitroaniline, Hoepfner, 
sodium borohydride, and vanillin-HCI reagents, fluorescent 
behavior, and absorption spectra. Present in the extracts of 
tomato pastes were two chlorogenic acid isomers, two caffeic 
acid derivatives, rutin, naringenin, caffeic acid, and ferulic acid. 
Naringenin and ti'an.y-chlorogenic acid were present in larger 
amounts than the other polyphenolic compounds.

INTRODUCTION
P o l y p h e n o l ic  com pounds  play an important role in 

the biological functions, metabolism, and respiration of 
plant materials. In fruits they are related to astringent 
flavor and enzymic browning (Swain, 1962).
A defect of tomatoes ( L y c o p e r s i c u m  e sc u le n tu m , Mill) 

commonly known as “cloud” or “blotchy ripening” has 
been described (Walker, 1962). Kidson (1958) presented 
evidence that this defect was due to the action of the 
enzyme polyphenoloxidase. Fontaine e t  al. (1947) re­
ported that a measurable amount of rutin was present in 
the leaves of the red currant tomato plant ( L y c o p e r s i c u m  
p im p in e l l i  f o l i u m ) . This tomato variety, being almost im­
mune to Fusarium wilt, has considerable importance in the 
development of wilt-resistant varieties.
Waggoner e t  al. (1956) reported that polyphenoloxidase 

preparations from tomato stems oxidized ortho-dihydroxy 
phenols but not rneta- or para-dihydroxy phenols. Perkins 
e t  al. (1956) found chlorogenic and caffeic acids in the 
leaves of tomato plants. Flavonoid pigments in the skin of 
Ponderosa, Rutgers, and Sunny Ray tomatoes were identi-

1 P resen t a d d re ss : U niversidad C entral de Venezuela, D epart- 
m ento de Química, M aracay, Venezuela.

fled as naringenin and quercitrin (Wu e t  al. , 1958). Leaf- 
with-petioles samples of Ponderosa and Sunny Ray con­
tained quercitrin and rutin ; Rutgers contained only quer­
citrin.
Walker (1962) separated the phenolic acids in the wall 

tissue of tomato fruit by paper chromatography. Caffeic, 
p-coumaric, ferulic, and chlorogenic acids were reported 
to be present in the alcohol extract of tomato wall tissue.
So-called cloud tissue showed polyphenoloxidase activity 

and reduced the levels of phenolic acids below those in 
equivalent healthy tissue. Van Bragt e t  al. (1965a) studied 
the effect of 2,4-dichlorophenoxyacetic acid (2,4-D) on the 
rutin content of stems and leaves of tomato plants. Four 
days after spraying with 2,4-D, rutin content was lower 
in sprayed plants than in the unsprayed control. Van 
Bragt e t  al. (1965b) identified neochlorogenic and 3-0- 
feruloyl quinic acids in the leaves, stems, and roots of 
tomato plants. Present in the same samples were chloro­
genic acid and two unidentified phenolic compounds. Very 
little is known about polyphenols in tomato pastes.
In this work, polyphenolic compounds in pastes made 

from VF-145 tomatoes were separated by solvent extrac­
tion and purified by two-dimensional paper chromatog­
raphy. Used to identify the compounds were Rf values 
in various solvent systems, color under ultraviolet radia­
tion with or without exposure to ammonia vapor, color 
reactions with various chromogenic reagents, and ultra­
violet absorption spectra.

MATERIALS AND METHODS
T o m ato  pastes

One thousand pounds of VF-145 tomatoes at canning 
ripeness were washed with tap water, crushed in a spike 
pump, and pumped immediately into a steam-jacketed 
swept-film heat exchanger operating at 230° F. The prod­
uct was passed through a pulper with a 0.06-in. screen and 
a finisher with a 0.033-in. screen. The purée was concen­
trated in a vacuum pan at 100°F into paste of 26% total
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solids. The paste was heated in a swept-film heat ex­
changer at 204°F, held for 30 sec in a holding tube, and 
filled into 5-oz paste cans made of differential electrolytic 
tinplate and F-enamel ends. The sealed cans were inverted, 
held 3 min, cooled in running water to 110°F, and stored 
at 40°F.

Extraction of polyphenols
Canned tomato paste (180 g) was blended for 5 min 

with 250 ml of absolute methanol. The macerate was 
centrifuged and the supernatant was filtered in a Buchner 
funnel through Whatman No. 1 filter paper. The residue 
was extracted twice more with the same amount of solvent. 
The supernatants were combined, stored overnight at 
32°F under a nitrogen atmosphere, filtered through W hat­
man No. 1 filter paper, and concentrated in a flash evapo­
rator. The residue was suspended in distilled water and 
extracted several times with petroleum ether to remove 
carotenoids. The water extract was saturated with sodium 
chloride and then extracted three times with 250-ml por­
tions of ethyl acetate. The acetate extracts were combined, 
dried with anhydrous sodium sulfate, filtered, and evapo­
rated to a small volume in a flash evaporator. The residue 
was dissolved in 15 to 2 0  ml of methyl alcohol.

Two-dimensional paper chromatography
One hundred /d of the extract was spotted on the upper 

left corner of a Whatman No. 1 paper (46 X 57 cm ). 
The chromatograms were developed in two dimensions 
at 2 0 °C, with the upper layer of n-butanol-acetic acid- 
water (B A W , 4 :1 :5  v /v )  as the first solvent for 18 hr, 
and 2% acetic acid as the second solvent for 3.5 hr. The 
air-dried chromatograms were first examined under ultra­
violet radiation and examined again on exposure to am­
monia vapor (Swain, 1953). One chromatogram was 
sprayed with freshly prepared FeCl3-K 3 F e (C N ) 6 reagent 
(Keppler, 1957). The chromatogram was rinsed with 2% 
HC1 and then with distilled water. The blue spots of 
polyphenolic compounds were detected, and the Rf values 
were measured.

Four additional chromatograms were sprayed separately 
with diazotized p-nitroaniline (Swain, 1953), Hoepfner 
reagent (Walker, 1962), vanillin reagent (Swain et al.,
1959), and sodium borohydride (Horowitz, 1957). The 
color characteristics of the spots were noted.

Separation and purification of polyphenolic compounds
Bar technique. The methyl alcohol extract was applied 

with a 100-/4 pipette along a line 30 cm long on the short 
direction of Whatman No. 3MM papers. The papers 
were developed in a descending direction with 2 % acetic 
acid for 3.5 hr, and then dried in air. Four bands were 
detected under ultraviolet radiation in the presence of 
ammonia vapor. One additional band was detected when 
the FeCl3 -K 3 F e (C N ) 6 reagent was used. Corresponding- 
bands cut from eight unsprayed papers were eluted five 
times with 250-ml portions of 95% ethanol for 60 min 
each time. The eluates were concentrated to a small vol­
ume in a flash evaporator.

Two-dimensional paper chromatography of each eluted 
band was done to obtain pure individual polyphenolic com­
pounds for spectral measurement. Each fraction was ap­

plied to 6  to 8  Whatman No. 1 papers. Two-dimensional
descending paper chromatography was run in two solvent 
systems in the manner described above. Spots having 
identical R( values were cut from the chromatograms, 
eluted with 95% ethanol, filtered through Whatman No. 1 
filter paper, and concentrated in a flash evaporator.

R f values and color reactions. The purified polyphenolic 
compounds were spotted on Whatman No. 1 papers. The 
papers were chromatographed at 20°C with BAW  
(4 :1 :5 )  in a descending direction for 18 hr and 2% 
acetic acid for 3.5 hr. The color reactions of each spot 
with various reagents were observed, and the R f values 
were measured.

Absorption spectra. The spectral measurements were 
made with a Beckman DB recording spectrophotometer 
or a Beckman DK-2 recording spectrophotometer, using 
1-cm silica cuvettes. The phenolic compounds were di­
luted with sufficient 95% ethanol to give proper absorb­
ance in the ultraviolet region. For the purpose of mea­
suring a bathochromic shift, three drops of 5% A1C13 in 
95% ethanol was added to the cuvettes. The shifts in 
absorption spectrum were measured after standing for 
1  min.

Chromogenic reagents
FcCl3-K 3F c (C N )6 reagent. The reagent was prepared 

just before using by mixing equal volumes of aqueous 
0.5% FeCl3 and 0.5% K 3 F e (C N ) 6 (w /v ) . It gives a 
blue color with cathechol and pyrogallol types of poly­
phenols (Keppler, 1957).

Diazotized p-nitroaniline (D P N A ) reagent. It was pre­
pared by mixing, in an ice bath, 0.5% p-nitroaniline in 2 N  
HC1, 5% sodium nitrite, and 20% sodium acetate (w /v )  
in a ratio of 1:10:30. The reagent gives characteristic 
colors with phenolic acids (Swain, 1953).

H oepfner reagent. Equal volumes of 5% (w /v )  acetic 
acid and 5% (w /v ) sodium nitrite were mixed just before 
use. The reagent gives characteristic colors with phenolic 
acids (Walker, 1962).

Vanillin reagent. A  1 % ethanolic solution of vanillin 
was mixed with an equal volume of concentrated hydro­
chloric acid immediately before use. It gives a pink to 
orange-red color with flavonoid compounds containing 
phloroglucinol nuclei (Swain et al., 1959).

Sodium  borohydride reagent (N a B H !t) .  A  freshly pre­
pared 2 % solution of sodium borohydride in methanol was 
used. Flavanones are reduced under mild conditions by 
sodium borohydride in aqueous or alcoholic solution. The 
four hydroxyflavanes formed in the reduction give a bril­
liant purple or blue-red color upon treatment with strong 
acids (Horowitz, 1957).

Ethanolic aluminum chloride. A 5% ethanolic alumi­
num chloride solution was used to study the shift in 
absorption peak due to chelation of phenolic compounds 
containing ortho-dihydroxy configurations.

Relative amounts of polyphenolic compounds. The 
Folin-Denis colorimetric method described by Swain et al.,
(1959) was modified to determine the relative amounts 
of polyphenolic compounds in the extract after two- 
dimensional paper chromatography (Luh et al., 1967).
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Two-dimensional paper chromatography
Fig. 1 represents a two-dimensional paper chromato­

gram of the polyphenolic compounds present in a methyl 
alcohol extract of pastes made from VF-14S tomatoes. 
Twelve blue-colored spots were detected when the chro­
matogram was sprayed with the FeCl3-K gF e(C N ) 6  re­
agent. The spots marked with full lines were present in 
larger amounts than spots marked with broken lines. The 
major compounds, and compounds Nos. 6  and 11, appeared 
on all two-dimensional chromatograms. Compound No. 5 
did not show clearly on the two-dimensional chromato­
grams. It was isolated by the bar technique.

Separation and purification
The phenolic compounds in the methyl alcohol extract 

of canned tomato pastes were partially separated by one­
dimensional paper chromatography with 2 % acetic acid 
as solvent. The compounds were further purified by 
two-dimensional paper chromatography with the systems 
B A W  (4 :1 :5 )  and 2% acetic acid.

Chromatographic separation of the extract with 2% 
acetic acid by the bar technique revealed 5 bands, desig­
nated A , B , C, D  and E , from fastest-moving to slowest- 
moving. Spot 12 was detected on two-dimensional paper 
chromatography of band A . Band B , a stronger fluores­
cent band, consisted of spots 7, 8 , 9, 10 and 11. Band C, 
which was invisible under ultraviolet light, but blue on 
exposure to ammonia vapor, gave spot 6 . Band D  con­
tained spots 3, 4 and 5, with some contamination from 
spot 2. Band E  yielded spots 1 and 2.

Chromatographic properties
Table 1 shows the Rf values of the polyphenolic com­

pounds in canned tomato pastes in two solvent system s: 
BA W  (4 :1 :5 )  and 2%  acetic acid. Table 2 lists the color 
reactions of these compounds on a two-dimensional chro-

matogram when examined under ultraviolet radiation with 
or without ammonia vapor, or under visible light with 
ammonia vapor, or when sprayed with various chromo- 
genic reagents.

Table 3 lists color reactions of some authentic phenolic 
samples. Spots 7, 9, 10 and 11 showed blue fluorescence 
under ultraviolet radiation, and the color changed to yel­
lowish green when the chromatogram was exposed to am­
monia vapor. On a separate chromatogram they appeared 
as four tan spots when sprayed with diazotized p-nitro- 
aniline reagent. The spots showed a yellow color with 
Hoepfner reagent. The color characteristics of these com­
pounds resembled those of derivatives of caffeic acid 
reported by Cartwright et al. (1955), Roberts (1962),  and 
Walker (1962).

W hen BAW  (4 :1 :5 )  and 2% acetic acid were used 
as solvents, spots 1 0  and 1 1  had Rf values respectively 
comparable to those of trans- and m-chlorogenic acid 
(Williams, 1955). Williams stated that cinnamic acid 
derivatives give two spots on paper chromatograms when 
2% acetic acid is the solvent. The two spots corresponded 
to the trans and cis isomers. Therefore, compounds 10 and 
1 1  were respectively identified tentatively as trans- and 
«k-chlorogenic acid.

No known chlorogenic acid isomers have Rf values 
similar to those of spots 7 and 9 (Hanson et al., 1963; 
Zane et all., 1965 ; Van Bragt et al., 1965b). Spots 7 and 
9 were tentatively identified as caffeic acid derivatives.

Tsiang (1964) detected in tomato ketchup two unidenti­
fied compounds which showed fluorescence under ultra­
violet radiation, and the same Rf values as compounds 7 
and 9 when BA W  (4 :1 :5 )  and 2% acetic acid were 
used as solvents.

Spot 2 displayed the same appearance as naringenin on 
the chromatogram. Its Rf values and color reaction with

T a b le  1. R f  values of polyphenolic com pounds iso lated  from  
pastes m ade w ith V F -1 4 5  tom atoes.

Spot
no. Tentative identification

Rt value

BAW (4:1:5) 2% HOAC

i U nkn ow n 0.90 0.00
2 N arin g en in 0.86 0.16
3 C a ffe ic  acid 0.74 0.24
4 R u tin 0.42 0.30
5 U nknow n 0.74 0.37
6 F e ru lic  acid 0.80 0.46
7 C a ffe ic  acid  d erivative 0.43 0.50
8 U nkn ow n 0.52 0.55
9 C a ffe ic  acid  d erivative 0.53 0.59

10 7 'rcrju -ch lorog en ic acid 0.60 0.60
11 C u -ch lo ro g e n ic  acid 0.60 0.71
12 U nknow n 0.78 0.77

A u th en tic  com pounds
N arin g en in 0.89 0.19
R u tin 0.45 0 .28
C a ffe ic  acid 0.75 0.26
F e ru lic  acid 0 .8 0 1 0 .3 2 - 0 .4 6 1
C h lo ro g en ic acid 0 .6 0 2 0 .5 7 -0 .7 3  3
N eo ch lo ro g en ic  acid 0.55 2 0 .6 5 - 0 .7 9 3

(V a lu e s  tak en  fro m  T s ia n g  (1 9 6 4 ) .
J V alu es tak en  from  H an so n  et al. ( 1 9 6 3 ) .  
“ V a lu es  tak en  fro m  Zane et al. ( 1 9 6 5 ) .
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T a b le  2. C o lor reac tio n s of polyphenolic com pounds iso la ted  fro m  pastes m ade w ith  V F -1 4 S  tom atoes.

Spot
no.1

Tentative
identification

u v
light

U V
■T

N H 3

Visible 
light +  

N H a
FeCh-

KaFe(CN)6
Hoepfner NaBHi 

DPNA reagent HCl vapor

i U n k n o w n Y Y Y B Y Y  C

2 N a r i n g e n i n f P Y C B O Y  M

3 C a f f e i c  a c id B B C B T R  C

4 R u t in P Y Y B O  Y Y  C

5 U n k n o w n B B C B

Ö F e r u l i c  a c i d C ÍB C B C

7 C a f f e ic  a c i d  d e r i v a t i v e B Y  G Y B T Y  C

8 U n k n o w n R R C B p k R 3 ' C

9 C a f f e ic  a c i d  d e r i v a t i v e B Y  G Y B Y  C

10 T r o n i - c h l o r o g .  a c i d B Y G Y B T Y  C

11 C iT - c h lo r o g .  a c i d B Y  G Y B T Y  C

12 U n k n o w n C C C B Y Y  C

1 N o n e  o f  t h e  c o m p o u n d s  g a v e  a  c o l o r  r e a c t i o n  w i t h  v a n i l l i n - H C l  r e a g e n t .  ( Y , y e l l o w ; B , b lu e  ; P ,  p u r p l e  ;
R ,  r e d ; 0 ,  o r a n g e  ; G , g r e e n  ; M ,  m a g e n t a  ; T ,  t a n  ; B r ,  b r o w n  ; p k ,  p in k ; C , c o l o r l e s s  ; f, f a i n t ;  1, l i g h t ) .

T a b l e  3 . C o lo r  r e a c t i o n s  o f  a u t h e n t i c  p o ly p h e n o l i c  c o m p o u n d s .

u v Visible
+ lig h t + FeCls- Moeptner

Compound1 UV N H S NHa KaFe(CN)o DPNA reagent NaBH-i

N a r i n g e n i n f P Y C B 0 M

R u t i n p Y Y B Y B r Y C
C a f f e ic  a c id B B C B B r R C
F e r u l i c  a c i d B B C B R Y B r c
C h l o r o g e n i c  a c id B Y  G Y B T Y c

1 N one o f the com pounds gave a co lo r  reac tio n  w ith v a n illin -H C i reag en t. ( Y ,  y e llo w ;
B , b lu e ; P , p u rp le ; R , r e d ; O , o r a n g e ; G , g re e n ; M , m a g e n ta ; T ,  ta n ; B r , b ro w n ; pk, p in k ;
C, co lo r le s s ; f, f a in t ;  1, l ig h t) .

N aBH 4 were the same as those of an authentic sample of 
naringenin. Spot 2 was therefore tentatively identified as 
naringenin.

Spot 3 showed a blue color under ultraviolet radiation, 
with or without ammonia. It gave a red color with the 
Hoepfner reagent and a tan color with diazotized p-nitro- 
aniline. Its Rf values and color reactions were comparable 
to those of caffeic acid. Spot 3 was tentatively identified 
as caffeic acid.

Spot 4 showed a purple color under ultraviolet radia­
tion. It changed to yellow when exposed to ammonia 
vapor. Its Rf values and color reactions with chromogenic 
reagents were similar to those of an authentic rutin sample. 
Spot 4 was tentatively identified as rutin.

Spot 6  was tentatively identified as ferulic acid. Its Rf 
values and color reactions matched those of an authentic 
sample.

Spectral characteristics
The polyphenolic compounds were further characterized 

by their absorption spectra in 95% ethanol in the ultra­
violet region. The absorption maxima and minima of the 
compounds are presented in Table 4. The bathochromic 
shifts of compounds 4, 7 and 10 in the presence of A1CU 
are shown in the same table.

Spot 1 has been reported by Tsiang (1964) as an iso- 
flavone. The ultraviolet absorption spectrum of spot 1 
isolated from tomato pastes resembles that of isoflavone 
(Jurd, 1962).

Spot 2 showed an absorption spectrum similar to that 
of an authentic naringenin sample, with a maximum peak

at 290 m/t, an inflection at 330 m/t, and a minimum at 
252 m/¿. W u et al. (1958) found naringenin and quercitrin 
in the fruit skins, but not in the flesh, of Ponderosa, Rut­
gers, and Sunny Ray tomatoes.

Since the tomato pastes used in this investigation were 
made from unpeeled whole tomatoes, naringenin in the 
skin could get into the paste during extraction and pulp­
ing. Quercitrin was not positively identified in our pastes. 
This difference might reflect the difference in varietal 
characteristics or the difference in methods of isolation of 
the polyphenols.

Wu et al. (1958) used a Magnesol column to separate 
the flavonoids present in a 500-g sample of dried tomato 
skin. This quantity was sufficient to identify quercitrin.

T a b le  4. S p e ctra l c h a ra c te r is tic s  o f polyphenolic com pounds iso ­
lated  from  pastes m ade w ith V F -1 4 5  tom atoes.

Compound Xmax <m“> Amin (mli)
Xmax (m u) 
with AICI3

Tentative
identification

i 273 256 U nkn ow n
2 290 252 N arin g en in
3 328,298 262 C a ffe ic  acid
4 258,360 283 273,400 R u tin
S 348,297 270 U n kn ow n
6 320 F e ru lic  acid
7 325,295 265 328,300 C a ffe ic  acid  

d eriv ativ e
8 282 249 290 U nknow n

10 325,295 265 328,300 T  ran s'-ch lorogen ic 
acid

12 256,260 246 U nkn ow n
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Tsiang (1964) also found naringenin in tomato ketchup, 
but not quercitrin.

Spot 3 showed a maximum absorption peak similar to 
that of authentic caffeic acid. Spot 4 shows maximum 
absorption peaks at 258 and 360 m/x, and a minimum of 
283 m/u. When AICI3 was added, the maximum respective 
peaks shifted to 273 and 400 1 11/x. The spectral character­
istic was similar to that of authentic rutin. This is the 
first time that rutin has been demonstrated in tomato paste. 
There are reports of rutin in the stems and leaves of tomato 
plant (Fontaine et al., 1947; W u et al., 1958; Van Bragt 
et al., 1965a), and in tomato ketchup (Tsiang, 1964), but 
no positive identification of rutin in tomato fruit or 
products made exclusively with tomatoes.

Spot 7 had spectral characteristics similar to those of 
compound No. 10. Its maximum absorption peak was at 
325 mju, and the minimum at 265 m/x. The maximum 
peaks shifted to a longer wave length by 3 m/x when AICI3 

was added, indicating an ortho-dihydroxy configuration. 
This further indicates that compound No. 7 was a caffeic 
acid derivative.

Spot 8  had a red fluorescence under ultraviolet radia­
tion. It appeared to be a flavonoid compound.

Spot 10 had a maximum peak at 325 m/x and an absorp­
tion minimum at 265 m/x, with a shift of 3 m/x in the 
presence of A1C13. Its absorption spectrum is similar to 
that of authentic chlorogenic acid, and to those reported 
by Bradfield et al. (1952), Hanson et al. (1963), and Luh 
et al. (1967). This further substantiates the observation 
that compound No. 10 is frowj-chlorogenic acid. This 
compound has been detected in tomato plant (Perkins 
et al., 1956; Van Bragt et al., 1965b), in wall tissue of 
tomato fruit (Walker, 1962), and in tomato ketchup 
(Tsiang, 1964).

Spot 12 had color characteristics and an ultraviolet ab­
sorption spectrum similar to those of simple phenols.

Relative amounts of polyphenolic compounds
Table 5 shows the relative amounts of polyphenolic com­

pounds present in canned tomato pastes. Compounds 6  

and 1 1  were not determined, being present only in trace 
amounts. Spot 12 was not determined, beause of difficulty 
in locating it on the paper chromatogram without the chro- 
mogenic reagent. It appears that naringenin and chloro­
genic acid were the polyphenolic compounds present in 
larger amount in the paste sample. It should be noted that 
the Folin-Denis reagent determines only the aromatic 
hydroxyl groups in the polyphenols (Swain et al., 1964; 
Singleton et al,, 1965). Since the phenolic compounds

T a b l e  5. R e l a t i v e  a m o u n t s  o f  p o ly p h e n o l i c  c o m p o u n d s  in  p a s t e s  
m a d e  f r o m  V F - 1 4 5  t o m a to e s .

Compound
Tentative

identification
Relative 

amount ( % )

1 U n k n o w n 8.4
2 N a r i n g e n i n 2 8 .2
3,5 C a f f e i c  a c i d  p lu s  u n k n o w n  5 12.5
4 R u t i n 12 .2
7 C a f f e ic  a c i d  d e r i v a t i v e 10.5
8,9 U n k n o w n  8  p lu s  c a f f e ic  a c i d  d e r i v a t i v e 1 1 .8

10 T r a w i - c h l o r o g e n i c  a c id 1 6 .4

differ in the number of hydroxyl groups, the quantitative 
data presented here do no more than indicate the relative 
amount of polyphenols based on the color reaction.

D I S C U S S I O N

T h e  p o l y p h e n o l i c  c o m p o u n d s  were extracted satis­
factorily from the tomato paste with methanol. It was 
necessary to distill the methanol from the extract, remove 
the carotenoids with petroleum ether, and then extract the 
polyphenols with ethyl acetate. This procedure separated 
the polyphenols from sugars, amino acids, and other com­
pounds which are more soluble in water than in ethyl 
acetate.

The ethyl acetate extract was concentrated almost to 
dryness in a flash evaporator and then redissolved in a 
small volume of ethyl acetate or methyl alcohol for two- 
dimensional chromatography. Methyl alcohol was more 
satisfactory than ethyl acetate as the solvent for redissolv­
ing the crude polyphenols.

Although the number of polyphenolic compounds found 
by two-dimensional chromatography of 1 0 0  /u.1 was the 
same with either methyl alcohol or ethyl acetate extracts, 
the spots were more intense with the methyl alcohol ex­
tract. This can be explained by the lower solubility of the 
polyphenolic compounds (especially compound No. 4 ) in 
ethyl acetate than in methanol. Identification of compound 
No. 4 was successful only when methyl alcohol was used to 
redissolve the crude polyphenols from the flash evaporator.

Naringenin (4',5,7-trihydroxyflavanone) is the aglycone 
of the flavanone glycoside naringin. The latter is a
7-rhamnoglucoside of naringenin. Naringin is remarkably 
bitter. Its bitterness is easily detectable at concentrations 
as low as 10-4  or 10~5M . Horowitz et al. (1963) demon­
strated that the sugar moiety in naringin is the disac­
charide neohesperidose. Occasionally, some tomato juice 
samples have a slightly bitter taste. This might be related 
to the presence of bitter flavanone glycosides. It remains 
to be investigated whether naringin was present in some 
of the tomato products.

The chlorogenic acids are substrates for enzymatic oxi­
dation by polyphenoloxidase. When tomatoes are har­
vested by mechanical means (removal of whole plants from 
the soil, followed by a mechanical shaking procedure), a 
certain percentage of the fruits are liable to be mechanically 
damaged or cracked. This may cause rapid enzymic oxida­
tion of chlorogenic acids, caffeic acid, and other polyphenols 
in the damaged tomatoes by polyphenoloxidase to form 
quinones and their polymerization products. The present 
investigation reports the polyphenols present in tomato 
pastes made under controlled conditions. The results 
would be of interest to dietitians, nutritionists, and the 
medical profession.

The fact that fruits are rich storehouses of exotic phe­
nolic compounds has led to many speculations concerning 
the metabolic significance of these substances. Some of 
them play an important role in respiration, disease resis­
tance, enzymic oxidation, and metabolism. Rutin is shown 
to be present in the tomato paste. It appears to be an 
important ingredient in tomato products because it can 
reduce the fragility of blood vessels and regulate their 
permeability (Haley et al., 1951). The medical profession
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recommends patients suffering from blood circulation prob­
lems to eat more often those foods rich in rutin. Tomato 
products appear to be a good source of this bioflavonoid.

Caffeic acid has profound hormone-like effects on plant 
growth at extremely low concentrations ( ICR4 to ICR1 1  M ) . 
Phenolic acids affect the growth of plants in that they 
inhibit an enzyme that oxidatively destroys indoleacetic 
acid and thus its hormonal effect. Some of the polyphenolic 
compounds may act as chelating agents and play an im­
portant role in biological processes.

The present investigation identifies some of the poly­
phenols in tomato pastes. It is hoped that more informa­
tion will be gathered in the future on the effect of climatic 
conditions, varietal characteristics, harvesting methods, and 
processing variables on the levels of polyphenols of physi­
ological importance present in tomato products.
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SU M M A R Y—The concentration, tem perature and pH d ep en d ­
ences of the form ation of nitric o xid e  m yoglobin  (N O M b ) 
from m efm yoglobin  nitrite (MetMb ■ NO») w ere determ ined 
for nitrite and the reductants, ascorbic acid , cysteine, hydro- 
q uinone, nicotinam ide adenine d inu cleo tide  (N A D H ) and 
g lyce ra ld e h yd e . The reaction for all reductants except g lyc- 
era ld e h yd e  involves the production of a nitroso-reductant in­
term ediate w hich breaks down to release nitric o xide . The 
latter forms a nitric o xid e  metheme co m plex (Fe*t+) which 
is then reduced to the ferrous state (Fe+9 .  W ith cysteine and 
N A D H  there is a second pathw ay which p ro b a b ly  involves 
the d irect reduction of MetMb ■ N O s. A scorbate  and hydro- 
quinone form nitroso interm ediates that are stabilized  in 
a lkali. The effects of o xy g e n , ethylenediam inetetraacetic acid 
and cytochrom e c on the reaction w ere determ ined. O xy g e n  
slows or inhibits the reaction, w hile  the latter two have no 
effect on the reaction as studied.

I N T R O D U C T I O N

To d a t e , i m p r o v e m e n t s  in cured meat color technology 
have been made on a largely empirical basis since the 
mechanisms of chromophore production in meat or meat 
products are unknown. It is known that the process is one 
of reduction of nitrous acid (from added nitrite) to nitric 
oxide and of metmyoglobin and methemoglobin from the 
ferric (m et) to the ferrous state. But there are a number 
of reducing systems and/or reductants in meat which, in 
addition to or conjunction with added reductants, are capa­
ble of effecting the reduction.

Although isolated studies of the effects of various re­
ductants and/or reducing systems have been made (Kelley 
et al., 1957; Siedler et al., 1959; Fox et al., 1963; Walters 
et al., 1965 ; Borys, 1965 ; Watts et al„, 1966), the accumu­
lated data do not cover all conditions of pH, temperature 
and reactant concentrations encountered in cured meat 
production. The development of comprehensive data on 
the foregoing conditions for endogenous or added reduc­
tants can have a two-fold value, ( 1 ) by helping establish 
which reductants or systems are principally involved in 
meat curing, and ( 2 ) indicating the mechanism(s) of the 
reactions involved. Once these mechanisms are known it 
will be possible to determine the optimal conditions for 
obtaining maximal rates of color production conversions 
and stability.

W e therefore undertook an in vitro  study of the kinetics 
and thermodynamics of the formation of NOMb with the 
aim of producing coherent data on the pH, temperature and 
concentration dependences of the rate of nitric oxide heme 
pigment formation using reductants either normally added 
or endogenous to meat, or else potentially useful in the 
process. The data were used to develop equations that

express the rate dependence of the reaction in terms of 
these various factors and reductants, and to determine the 
mechanisms of the reactions where possible.

E X P E R I M E N T A L

T i i e  t e c h n i q u e s  u s e d  for the preparation of myoglobin 
have been described previously (F ox et al., 1963). N A D H  
was obtained from Nutritional Biochemicals Corporation; 
the rest of the chemicals were reagent grade. The nitric 
oxide came from the Matheson Company and the nitrogen 
was water-pumped prepurified grade.

The course of the reactions was followed by the change 
in absorption at 547.5nm as this was the wavelength of 
maximal absorption (/3 peak) in the visible portion of the 
spectrum as determined with a Cary Model 14 recording 
spectrophotometer calibrated to within ±  0.02nm. The 
Cary Model 14 or a Gilford attachment for a Beckman D U  
spectrophotometer was used to record the change in ab­
sorption ; the Cary was used to record spectra. Tempera- 
ture control was attained by means of a Y SI thermo­
regulator with the thermistor probe either immersed in 
the cuvette or used as a surface probe fastened to the 
cuvette holder. The YSI unit controlled a Waco Refriger­
ated Visibility Bath. With this arrangement it was possible 
to control the cuvette to within plus or minus 0.05°C.

Reactions were run under three different conditions:
( 1 ) under nitrogen; (2 ) in open cuvettes without prior 
removal of oxygen; and (3 ) with air bubbling through 
the cuvette during the reaction. One centimeter cuvettes 
were fitted at the top with short sections of 6  mm tubing 
so that the cells might be sealed with size 0 0 0  serum 
bottle caps. Gases and solutions were introduced into the 
cuvettes through hypodermic needles inserted in the caps. 
Nitrogen gassing was conducted for a period of 10 min. 
Reagent solutions were made with nitrogen-gassed water.

NO MetMb was produced by bubbling nitric oxide 
through MetMb solutions after oxygen removal. A  cri­
terion of the conversion to NOMetMb was that the 575nm 
absorption maximum be higher than the 535nm absorption ; 
lesser conversions gave poor results.

The reductants used in this study were ascorbate, cys­
teine, N A D H , hydroquinone, and glyceraldehyde, chosen 
as being endogenous to meat or as containing functional 
groups corresponding to endogenous reductants. Table 1 
summarizes the order of the dependences of the reaction 
rate on the concentration of the various reactants excepting 
glyceraldehyde. Table 2 lists a number of empirical equa­
tions for the various dependences on pH and temperature. 
With the exception of the reaction with N A D H  at pH 5.0
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T a b l e  1. R e a c t i o n  r a t e  o n  c o n c e n t r a t i o n .

Reductant

From metmyoglobin nitrite 
order of dependence, n

From nitric oxide myoglobin 
order of dependence, n

TRI pH

mM Nitrite

< 0 .7 >0.7 TMMbl TRI pH TMMbl

A s c o r b a t e 0 .5 0 - 1 . 4 3 1 1.0 0 .41 0 1.0 0 1.0
C y s t e in e 0 .4 8 - 0 . 6 0 1.0 0 .2 2 0 1.0 0 1.0
H y d r o q u i n o n e 1 .00 —  1 . 2 1 1.0 0 .6 2 0 1.0 0 1 .0
N A D H 0 .5 8 - 1 . 1 9 ~  1 .0 1 .0  2 1.0 0.1 1.0

o 3

1 20 °C.
2 p H  4 .S .
s p H  S.S-6.S.

and below, the reactions were all zero order with respect to 
the concentration of pigment.

To determine the order of dependence of the reaction 
on the concentrations of reductant and nitrite, these con­
centrations were varied and the effect on the zero order 
rate constant (k0) observed. The dependence was frac­
tional order with respect to the concentration of cysteine 
and N A D H  and it was found necessary to make use of the 
logarithmic form ( 2 ) of the basic equation ( 1 ) :

( 1 ) y =  a x"
( 2 ) log y =  log a +  n log x

The plots are shown in Fig. 1. The value for n of 0.481 
for cysteine is not significantly different from 0.500, and 
indicates that the reaction rate is dependent upon the 
square root of the cysteine concentration. The figure of 
n =  0.578 for the N A D H  dependence does differ sig­
nificantly from 0.500, however. Fig. 2 shows the reaction 
sequences involved, and is as follow s:

Nitrous acid, in the form of the anhydride reacts with the 
reluctant to form a semi-stable intermediate, as proposed 
by Dahn et al. (1958, 1960), which may then react either 
to release free NO (reaction 4) or with another molecule 
of intermediate to reform the initial reactants (backward

T a b l e  2 . C o e f f ic ie n ts  o f  t h e  e q u a t io n s  d e s c r i b i n g  t h e  d e p e n d e n c e  
o f  t h e  r a t e  o f  f o r m a t i o n  o f  n i t r i c  o x i d e  m y o g lo b in  o n  p H  a n d  
t e m p e r a t u r e .

Reductant pH t ° c
Equation for 
log K^ko1'2

AHa
kcal/mole

A s c o r b a t e 4 .5 9 .6 2 5  -  1 8 0 4 / T ° K 8 .2 6

5 .0 9 .7 4 6  -  2 0 5 0 / T ° K 9 .3 8

5 .5 9 .9 6 5  -  2 3 2 3 / T ° K 10 .6 3

6 .0 1 0 .1 6 9 - 2 5 9 3 / T ° K 11 .8 7

2 0 ° 9 .9 0 7  -  1 .4 3  p H

4 0 ° 9 .8 0 5  -  1 .3 2  p H

C y s te in e 4 .5 1 6 .2 1 2  -  4 2 2 5 / T ° K 19 .3

2 0 ° 4 .4 2 3  -  .5 9 9  p H

H y d r o q u i n o n e 4.5 9 .6 1 6  -  1 9 0 2 / T ° K 8 .71

5 .5 1 0 .3 4 3  -  2 5 4 9 / T ° K 1 1 .6 7

6 .5 18 .0 9 1  -  5 0 9 2 / T ° K 2 3 .3 0

N A D H 2 0 ° 7 .9 3 1  -  1 .1 9  p H 3 
lo g  1 0 3k i s t 4

N A D H 4.5 1 2 .4 6 7 - 2 9 0 0 / T ° K 1 3 .2 8

1 k 0 =  i i M / m i n .
2 T h e  s t a n d a r d  d e v i a t i o n  r a n g e d  f r o m  2  to  1 0 %  ; t h e  a v e r a g e  a n d  

m o d a l  S .  D .  w a s  5 % .
3 p H  5 .0 -6 .5 .
‘ k i s t  =  m i n  \

reaction, 3 ). Reaction 6 , being the formation of the nitric 
oxide met-heme complex, is fast compared to the other 
reactions. Reaction 7 is a reduction step, and either it or 
reaction 4 is the rate-limiting step. Reaction 3 is the step 
which introduces the square root dependence on the re­
ductant concentration into the rate expression, and if 
1<3 >  k4, the dependence will be exactly 0.5, i.e., cysteine 
and ascorbate. If k4 >  k3 the reaction will be dependent 
directly upon the concentration of the reductant (n =  1 .0 ),
i.e., hydroquinone. It th e r e fo r e  follows that where 
k4 =  k3 the dependence will be somewhere between 0.5 
and 1.0, which is the case with N A D H .

If k4<  k7 the overall rate expression will be zero order 
with respect to the pigment, but if k4 >  k7 or if the reac­
tion mechanism proceeds by some other pathway, for ex­
ample, reaction 5, or reactions 8  and 9, the overall rate 
expression will be dependent upon the first power of the 
pigment concentration. The reaction sequence does not 
include the reduced form (ferrous) of the heme pigment, 
an omission based on the observation that at these pH  
values nitrite oxidizes the reduced heme pigments faster

F ig .  1. D e p e n d e n c e  o f  th e  r a te  c o n s ta n t  f o r  th e  fo r m a t io n  o f  
N O M b  on  th e  c o n c e n tr a t io n  o f  th e  r e d u c ta n ts  N A D H  a n d  c y s te in e .
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Fig. 2. Reaction sequences for the formation of NOMb from 
Met Mb-NO

than the nitric oxide heme pigments are formed, i.e., until 
the nitric oxide pigments are formed, the reduced heme 
pigments do not exist in solution in the presence of nitrite.

On the other hand nitric oxide combined with the 
oxidized pigment is probably stabilized against oxidation 
by oxygen and nitrite. The presence of the intermediate 
(NO M etM b) formed is observed spectrally during the 
course of the reaction from the position of the /3 peak 
(530-550 nm region), as follows. Since the maximum 
of NOMetMb appears at 532 nm, while the corresponding 
maximum for its reduction product NOMb lies at 547.5 
nm, during the reaction a peak in this region appears 
first around 538-540 nm (indicating the presence of 
NOM etM b) and shifts towards a longer wavelength dur­
ing the reaction until at the end of the reaction the final 
value of 547.5 nm is reached.

The variation with pH was fractional order with all 
four reductants as shown in Table 1. This fractional order 
may be the result of one or more of three causes: ( 1 ) the 
backward reaction 3 in Fig. 2 when the formation of the 
intermediate depends on pH ; ( 2 ) two or more indepen­
dent pathways to the same product with different pH  
dependences; and/or (3 ) two different forms of a semi­
stable reaction intermediate, each form having a different 
heat of activation for breakdown. In the first case, the 
derived rate expression would be a precise mathematical 
derivation of the mechanism, but in the last two cases the 
expressions for the rate dependence are empirical. At the 
extremes of either pH or temperature the overall kinetics 
will be characteristic of one reaction mechanism or inter­
mediate ; at intermediate values the kinetics will reflect the 
behavior of all mechanisms and/or intermediates.

The reduction by ascorbate
The mechanism of this reaction has been discussed pre­

viously (F ox et al., 1963) and was found to involve reac­
tions 1, 2, 3, 4, 6  and 7. Reaction 4 was rate limiting, and, 
from the pH dependence, it was determined that the 
reaction was mainly dependent upon the unionized (acid) 
forms of the two acids, nitrous and ascorbic.

In the present study, the pH dependence was variable 
and somewhat less than 1.5 (1.43 at 20°C ), in this case 
probably reflecting a variation in the stability of the 
nitroso-ascorbic acid intermediate. Since the heat of activa­
tion is the energy required to cleave the intermediate 
complex into an ascorbate radical and nitric oxide, its

variation with pH is probably due to the ionization of the 
ascorbate carboxyl group, the ionized (alkaline) form 
being the more stable. It is important to note that the 
equations in Table 2 hold true only for the pH range 4.5 
to 6.0. At 40° and pH 4.5 some cleavage of the protein- 
heme bond occurred producing some nitric oxide hemo- 
chrom e; above pH 6.0 the reaction rate begins to increase 
with pH.

Reduction by cysteine
The basic assumption in solving the reaction sequence 

from the observed dependences is that the intermediates 
occur at constant concentration, “steady state,” (Fox et al.,
1963). The desired rate expression which describes the 
principal reaction at pH 4.5 is the same for cysteine as 
for ascorbate, with different rate constants. The solution 
is obtained by assuming the reaction sequence includes 
reaction steps 1, 2, 3, 4, 6  and 7, with steady state concen­
trations of N 20 3, A H N O , NO and NOM etM b. Reaction 
4 is assumed to be rate limiting. The pH dependence 
k0 ~  [FI]0-6, is very much different from what would be 
expected from a reaction involving only the unionized 
forms of the reactants.

Since the sulfhydryl group does not ionize appreciably 
in this pH range, it would be expected that the pH depen­
dence would be due to the nitrous acid ionization and 
that k0 would be proportional to [H ]1-0. From the low 
value of the order of dependence and the lack of variation 
with pH of the heat of activation, it is apparent that there 
is a second reaction which is an important pathway, par­
ticularly at the higher pH values. Since there were at 
least two mechanisms operative, we attempted to further 
elucidate the reaction mechanism by varying the concentra­
tion of the reactants at pH 6.5 where the effect of the 
reaction of the unionized forms would be minimal.

The rate of conversion to NOM b tended to be inter­
mediate between zero and first order with respect to the 
pigment at higher pH values when the concentrations of 
cysteine and nitrite were 5mM . At nitrite concentrations 
above 5mM at pH 6.5, the reactions were all exactly first 
order with respect to pigment, the nitrite dependence 
disappeared completely, and the dependence of the first 
order rate constant on the cysteine concentration was very 
low (n =  0.15 in equation [2 ]) .

The results indicate saturation of the system with both 
reductant and nitrite at the concentrations studied, and 
are consistent with a reaction sequence represented by 
reactions 8  and 9 in Fig. 2, showing the direct reduction 
by cysteine of M etM b -N 02. The heat of activation did 
not vary with pH, indicating that the scission of the S-N  
bond was not affected by ionizations in this pH range, 
regardless of the mechanism of the reaction. The value 
obtained is normal for the reduction reactions of cysteine, 
ca. 20 kcal/mole (Tarbell, 1961).

Reduction by hydroquinone

Iiydroquinone was chosen as representative of the 
quinoid-type reductants that occur in animal tissue such as 
the tocopherols (E-Vitam ins), K-vitamins, coenzyme Q 
and ubiquinone. Using the usual method of steady state 
analysis, it was determined that the reduction involved, 
in sequence, pathways 10, 4, 6  and 7, with reaction 4 again
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I 0 3 /  T ° K

Fig. 3. Arrhenius plots for the formation of NOMb with hydro- 
quinone as reductant. pH 4 .5 ,------ ; pH 5 .5 ,-------- ;  pH 6 .5 ,--------------.

the limiting step. The release of NO and the formation 
of NOMetMb was attested to by the appearance of the 
/3 peak at 540 nin. The variation with temperature of the 
rate of the reaction increased sharply with decreasing 
hydrogen ion concentration, as shown in Fig. 3.

The heats of activation calculated from the Arrhenius 
plots are, in kcal/mole: pH 4.5, 8.7; pH 5.5, 11.7, and pH
6.5, 23.3. This increase is the result of the increased sta­
bility of the quinone intermediate at higher pH values 
as was also noted for the ascorbate intermediate. This 
increased stability in alkali is typical of quinoid structures 
containing oxygen and is the result of the delocalization of 
the charge of the ionized species in the 7r-bond structure of 
the semi-quinone (Gould, 1959).

The theory of the resonance stability of the alkaline 
semi-quinones is represented in equation [3] :

In I the undissociated proton interferes with the par­
ticipation of the p-orbital electrons of the oxygen in the

resonant structure. In III, the structure is stabilized by 
the further inclusion of the two oxygen atoms in the 
7r-bond system and the delocalization of the charge.

W e therefore postulate the nitroso-semiquinone inter­
mediate to be a structure containing both hydro-quinone 
and nitric oxide which may be formulated as follows :

Structure V I is the classical resonance representation of 
the stabilized structure and indicates the extensive delocal­
ization of the 7r-bond electrons over the entire moelcule. 
It was not possible to assign specific heats of activation 
to either form of the intermediate because in the narrow 
range of pH 4.5 to 6 the reaction involved mixtures of 
both forms in unknown quantities.

The cleavage which releases nitric oxide is a one electron 
transfer presumably resulting in the formation of a semi- 
quinone. W e postulate that it is the ease of formation and 
stability of the semi-quinone as compared with the rela­
tive difficulty of formation of the radical products of the 
other reductants which accounts for the linear dependence 
of the rate constants on the concentration of hydroquinone 
and the fractional order dependences of ascorbate, cys­
teine, and NADFI.

In a bimolecular reaction between two intermediate 
reductant-nitric oxide complexes, the bimolecular inter­
mediate may either react to produce nitric oxide and the 
radical form of the reductant, or revert to the original 
electronic states of the reduced reductant and nitrous 
acid. The first reaction is in the forward direction. When 
the steady state analysis is made, the order of this reaction 
disappears and does not affect the order of the total reac­
tion. The second reaction is in the backward direction and, 
if favored, introduces a fractional order dependence on the 
reductant. The quinone bimolecular intermediate will 
readily form the relatively stable radical product (first 
reaction) with the release of nitric oxide. In the case of 
the acid quinone, the formation of the meriquinone dimer 
may further stabilize the semi-quinoid product resulting 
from the release of nitric oxide, and contribute toward the 
ease of electron transfer.

In contrast, the other reductants, whose radical forms 
are not as fully stabilized as is the semiquinone structure, 
would tend to revert to their original state of reduction 
from the dimer rather than form the radical product, 
hence introducing a fractional order dependence.

Reduction by NADH
The total reaction sequence, as determined from the 

dependences of Table 1, involves reaction steps 1, 2, 3, 4,
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6  and 7. At pH  4.5 the reaction is first order with respect 
to the pigment, but at pH 5.5 and higher values the con­
version of pigment is zero order. The rate of the reaction 
at pH 4.5 must therefore be governed by a slow reaction 
after the involvement of the pigment. In the sequence of 
Fig. 2 it would be reaction 7, the reduction of NOMetMb. 
If the reduction of the last named pigment is the rate 
limiting step, then its rate should be equal to the rate of 
the reduction of M etM b-N 02.

Table 3 summarizes the rate constants for the two reac­
tions, and, as can be seen, at pH  4.5 the rates of the two 
reactions are the same. Comparing the turnover rates 
at higher pH  values for the two reactions (0 order rate 
versus k ist X 50 fiM pigment), it is seen that the rate 
of NOMetMb reduction is several magnitudes greater than 
the rate of M etM b-N 0 2  reduction, hence the reduction 
of the latter is zero order. Such a situation did not prevail 
with the other reductants; at all pH  values studied the 
rate of NOMetMb reduction was greater than the rate 
of nitric oxide production.

As in the case of cysteine the fractional order dependence 
of the NA D H  reduction is probably due to two or more 
different reaction mechanisms since the heat of activation 
did not vary with pH. However, we could not obtain data 
to support any further conclusions as to possible sequences, 
in part due to the formation of a reaction product between 
nitrite, NAD H and heme pigment, which was not NOMb. 
The first reaction observed was the formation of NOMb 
followed by a reaction resulting in the formation of a stable 
heme pigment with a distinctive absorption spectrum, 
Fig. 4. The product is water-soluble and therefore pre­
sumably contains native protein, but we have not yet been 
able to convert it to any other recognizable heme pigment 
form.

Reduced nicotinamide adenine dinucleotide phosphate 
(N A D PH , T P N H ) was tried as a reductant. Although a 
reddening of the solutions was observed, the N A D PH  
denatured the protein with concomitant increase in tu r­
bidity.

Reduction by glyceraldehyde

The solutions of pigment, glyceraldehyde and nitrite did 
not show any spectral changes for periods up to 3 days 
at any pH  between 4.5 to 6.5 and 20°C. I t was necessary 
to raise the temperature to 40°C before any appreciable 
reactions were observed. At pH  4.5, the observed reaction 
was the production of nitrimetmyoglobin, the green heme 
pigment observed by Fox et al. (1964), while at pH 6.0 
conversion to NOM b occurred overnight. The reaction

T a b l e  3 . R a t e s  o f  r e d u c t i o n  o f  m e tm y o g lo b in  n i t r i t e  a n d  n i t r i c  
a c i d  m y o g lo b in  b y  N A D H .

pH Pigment Order Rateconstant
Turnovernumber

rMMb1=50 ¡lM
4.5 M M b - N O » 1 0 .1 8 7  m in “1 9 .3 5

N O M M b 1 0 .2 1 1  m i n 1 10 .55

5.5 M M b - N C b 0 0 .71  / r M / m i n 0.71
N O M M b 1 0 .2 2 4  m in “1 1 1 .2

6.5 M M b - N O » 0 0 .0 8 3  / i M / m i n 0 .0 8 3
N O M M b 1 0 .1 8 2  m in “1 9 .1 0

Fig. 4. Spectra of final product of reaction betiveen N A D H ,  
n itrite  and MetMb.

rate increased with increasing pH values above pH 6.0 and 
is probably a reaction similar to that observed for the other 
reductants above pH  6.5. A t intermediate pH values, no 
reactions were observed up to 40°C.

Effect of nitrite

The concentration of nitrite was varied over a range of 
0.05 to 50.0 mM at pH 4.5, 20°C in nitrogen, with each 
of the four reductants. The results were plotted on a 
log-log scale and the calculated values of n (Equation 2) 
are shown in Table 1. Two effects are noted: (1) the 
fractional dependence was observed only above 0.7 mM  
nitrite and ( 2 ) the fractional order varied with the reduc­
tant. The 0.7 mM  nitrite corresponds to ca. 0.05 mM  
undissociated nitrous acid at pH  4.5, the same concentra­
tion as the pigment, and suggests an activation process 
involving the pigment. The fractional order dependences 
suggest multiple reactions between the reductant and the 
nitrite, with nitric oxide being but one of a number of 
products. In fact Evans et al. (1956) have found this to be 
true with the reaction between nitrite and NA D H  or ascor­
bate producing N20  and N 2 as well as NO.

Reduction of NOMetMb

The reduction of NOMetMb was first order with respect 
to the pigment and with respect to the various reductants 
tested (ascorbate, cysteine, hydroquinone and N A D H ). 
The calculated rate constants were consistent with the ob­
served rates of NOMb formation from M etM b-N 0 2  

and, except with NADH, did not vary with pH. The 
reduction of NOMetMb by NAD H showed a low order 
dependence on pH  (Table 1) which may be an effect of 
steric hindrance. NA D H  is a large molecule, and may 
not fit as well or as easily into the cleft in which the heme 
lies (Kendrew et al., 1960; Perutz et al., 1960). The pH  
dependence thus reflects changes in the protein conforma­
tion making the heme more accessible as the pH  decreases.
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T a b l e  4. E f f e c t  o f  a i r o n  t h e  r e a c t i o n ,  M M b - N O .  - N O M b .

Reductant Gas pH Temp ko/¿M/min kistmin-1

Initial turnover rate _ /iM/min
A  sc A i r 4.S 2 0 0 .3 1 5 13 .3

N 2 4 .5 2 0 2 2 .7  ±  2 .5 2 2 .7
A i r 4.5 3 0 0 .6 4 9 23 .1
N 2 4 .5 30 4 0 .3  ±  3 .6 4 0 .3
A i r 4 .5 4 0 1 .23 3 3 .0
N 2 4 .5 4 0 6 1 .4  ± 0 . 3 6 1 .4

Effect of oxygen

The reaction studied by Fox et al. (1963) took place in 
open cuvettes with no precautions to remove dissolved 
oxygen. All reactions discussed in this paper were run 
in closed absorption cells that had prepurified nitrogen 
bubbled through the solutions to remove oxygen. The 
rates of the latter reactions showed less variation and the 
rate constants were higher than in the previous study. 
In studying the effect of oxygen on the reaction, we bubbled 
air through the reacting solutions to maintain a constant 
level of oxygen in the solutions. The results are sum­
marized in Table 4.

Two principal effects were no ted ; the reactions in air 
were first order with respect to pigment and the reaction 
rates were reduced, as indicated by turnover numbers in 
Table 4. This reduction in rate is probably a result of the 
relatively rapid oxidation of nitric oxide by oxygen. When 
the proposed nitroso-ascorbic acid intermediate breaks 
down to yield nitric oxide, in the absence of oxygen the 
only reactant available is the heme pigment.

W ith oxygen present, a competition between heme pig­
ment and oxygen exists, and the relative amounts of nitric 
oxide consumed by the two pathways are dependent on 
the relative concentrations of pigment and oxygen, and 
the respective rate constants of the two reactions. With 
nitric oxide produced at a constant rate and the oxygen 
concentration constant, the observed fate of NO Mb for­
mation will depend on the concentration of MetMb avail­
able for complexing nitric oxide. Since this latter concen­
tration decreases as the pigment is converted, the reaction 
becomes first order.

Effect of cytochrome c

W alters et al. (1965), studying the reduction of nitrite 
by mitochondria, found that ferrocytochrome c was oxi­
dized by the system with the formation of nitric oxide. 
Since experience had shown us that our myoglobin prepa­
rations were sometimes contaminated with small amounts 
of cytochromes, we considered it advisable to determine 
what effect such contamination might have on the reaction. 
Our studies of the chromatography of myoglobin on car- 
boxymethyl-cellulose showed that cytochrome c adhered 
firmly to the top of the column.

We placed myoglobin preparations on carboxymethyl 
cellulose columns under conditions that cause cytochrome c 
to adhere (0.05 M  phosphate, pH 7.0), but found none, 
probably because it was completely dialyzed out of the 
solution in the two dialysis steps applied in preparing 
myoglobin. We therefore tested the effect of reduced 
cytochrome c on the reaction rate at 0.05 m l ,  0.0005 mM,

and zero concentration levels, but found no differences in 
the reaction rates. We therefore conclude that cytochrome 
c would have had no effect on the formation of NOMb 
in our reaction mixtures.

Effect of high pH

All the reductants exhibited a decreasing rate of 
MetMb-NOo reduction with increasing pH  up to pH 6.0 
to 6.5. Above this pH the rate versus pH  curve rose 
sharply. Even the reduction by glyceraldehyde showed an 
appreciable reaction rate above pH  7.0 at 20.0°C. From 
preliminary studies it appeared that the reaction mecha­
nisms above pH 6.5 are different from those below pH 6.5 
and that further study will be required to characterize 
them.

Effect of ethylenediamine fefraacetic acid (EDTA)

Siedler et al. (1959) and Weiss et al. (1953) reported 
that the addition of iron increased the formation of nitric 
oxide hemochrome; Pascal et al. (1957) reported that the 
oxidation of cysteine by peroxide was probably metal- 
catalyzed. We wished to know whether or not contamina­
tion was affecting our results, so we examined the effect 
of the addition of ED TA  on our systems. The results were 
negative; the addition of ED TA  neither changed the rate 
of the reaction, nor improved the precision of the measure­
ments. This result is consistent with the observed negative 
pH dependence of the reactions, since metal catalyses are 
generally associated with positive rate-pH dependences 
(Pascal et al., 1957).

D ISCUSSION
O ur results emphasize some of the important aspects 

of the role performed by reductants in cured meat color 
production. Some of these aspects are (1) the effectiveness 
of any given reductant over the range of pH encountered 
in meat products; ( 2 ) its effectiveness in the elimination 
of oxygen and/or forming the nitric oxide pigment in the 
presence of oxygen; (3) the temperatures required to pro­
duce the nitric oxide heme pigments within reasonable 
time periods, and (4) the number of side reactions which 
take place that either use up the available reductants or 
produce nitrogen oxides no longer available for the pro­
duction of cured meat pigments.

W ith regard to (1) and (3) it has been observed (Fox 
et al., 1967) that cysteine is fully as effective as ascorbate 
in color production in frankfurter emulsions, after the 
oxygen has been eliminated and the emulsions are cooked. 
This is a happenstance of the pH and temperature depen­
dences of cysteine and ascorbate. Thus, from the data of 
Table 2, it may be calculated that at pH  6.0 and 100°F 
(40°C) cysteine reduces MetM b-NC >2 as fast as does 
ascorbate.

Sufficient oxidizable sulfhydryl groups do exist in meat 
to account for the observed ra te s ; Hamm et al. (1965,
1966) found 17.5 mM  (1965) and 25 mfkf-SH (1966) by 
amperometric titration. Assuming a 1:1 dilution in frank­
furter emulsions, the sulfhydryl content of the added meat 
alone could account for the observed rates of nitric oxide 
hemochrome formation in frankfurter emulsions (Fox et 
al., 1967). Sulfhydryl groups alone are only part of the 
available reductants in muscle tissue; Thomson et al.
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(1962) and Regier et dl. (1956) reported total reducible 
substance concentrations ranging from 50 to 100 mM.

Chromophore production itself is only one of a number 
of requirements. As W atts et al. (1966) and Fox et al.
(1967) have shown, removal of oxygen, when present, is 
a vital part of cured meat color production. Ascorbate is 
more effective than cysteine in this respect, since the former 
reacts faster with oxygen and is capable of driving the 
reaction of MetMb • N 0 2—»NOMb to completion in the 
presence of oxygen. The latter reaction was accomplished 
only at the highest temperature studied (40°C) by cys­
teine.

Side reactions have been given little if any consideration 
to date, but may be of great importance, ten Cate (1962) 
obtained evidence of N20  in the gases above curing pickles, 
showing that such side reactions do occur in practice. Our 
studies show that these reactions are particularly impor­
tant at nitrite concentrations common to cured meat prod­
ucts (30-200 ppm, 0.7-5.0 mM ) and that the relative rates 
vary with the reductant.

Since these side reactions produce nitrogen in oxidation 
states no longer available for the formation of nitric oxide, 
part of the overall effectiveness of any given reductant 
may depend upon the extent to which the reductant pro­
duces these compounds. As a general conclusion then, 
these studies suggest that no one reductant may be opti­
mally effective in all cured meat products, but that con­
sideration should be given to using different reductants 
or combinations thereof, depending on what kind of prod­
ucts are made and how they are made.
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SUMMARY—Kappa carrageenan was ion-exchanged with Al+S, 
NH4+I, Ca*2, Fet2( Fe43, Mg+2, Na+1 and Sn+2. The gelling tem­
perature and gel strength were determined for 1% exchanged 
kappa carrageenan gels prepared with 0.0375, 0.075 and 0.15 
N  solutions of each of the exchanging cations; 1% exchanged 
kappa carrageenans with 0.0375, 0.075 and 0.15 N  KCI, 
and non-exchanged kappa carrageenan with the same con­
centrations of AlCIa, NHiCI, CaCI2, FeCb, FeCIa, MgCIa, KCI, 
NaCI and SnCI».

Ion-exchange with Al, Fe+2, Fe+3 and Sn prevented gel for­
mation. The other ion-exchanged carrageenans had signi- 
cantly lower gel strength than the non-exchanged carrageenan 
in a corresponding cation solution. Furthermore, the Mg- and 
Ca-exchanged carrageenans had greater gel strengths than 
the NHt and Na-carrageenans. Use of KCI with the NHi-,
Ca-, Mg- and Na-exchanged carrageenan resulted in in­
creased gel strength, but the Al, Fe+2, Fe+3 and Sn-exchanged 
carrageenans still did not form a gel. The rank order of the 
gel strength of the NHt-, Ca-, Mg- and Na-exchanged carra­
geenan dispersed in KCI was similar for the exchanged carra­
geenan in solutions of the exchanging cation, but the gelling 
temperatures and gel strength of the former approached that 
of the non-exchanged carrageenan in similar concentrations 
of KCI.

For the non-exchanged carrageenan at the 0.075 N  level 
of salt concentration, the effect of cation was K >  Ca, Mg >
Fe+2, NFL >  Na, Sn >  Fe+3, Al (P <  0.001). Use of increasing 
concentrations of NhhCI, NaCI, KCI and SnCk resulted in 
increased gel strength, whereas increasing concentrations of 
CaCI2, FeCIs and MgCL decreased gel strength. These differ­
ences were reflected in a slightly different rank order for the
0.15 TV level of salt.

IN TRO DU CT IO N
Many of the commercial uses of carrageenan are 

based on the gelation properties of the macromolecule. 
Glicksman (1962) recently reviewed most of the important 
commercial applications.

The gelling fraction of carrageenan, designated as kappa, 
is selectively precipitated from the non-gelling lambda 
carrageenan with potassium salts (Smith e t  a l . ,  1953). 
Kappa carrageenan is composed of 3, 6 -anhydro-D-galac- 
topyranose units linked through C4 to D-galactopyranose-
4-sulfate units with a glycosidic linkage at C3  (O ’Neill, 
1955; Anderson e t  a l . ,  1965). Smith e t  a l .  (1955) state 
that the galactose 4-sulfate and 3, 6 -anhydro-D-galactose 
occurred in kappa carrageenan in nearly equal am ounts; 
from N-ray diffraction studies, however, Bayley (1955) 
concluded galactose and anhydrogalactose units occur in a 
2:1 ratio. Rees (1963) pointed out the structure of the 
gelling kappa component differs from the non-gelling 
lambda in two w ays: (1) it contains 3,6 -anhydro-D-
galactose in place of the 1,4 linked D-galactose-2,6 disul­
fate units occurring in lambda, and ( 2 ) it contains a higher 
proportion of 4-sulfated-D-galactose units.

Gel formation with kappa carrageenan is a precipitation 
phenomenon involving ionic bonding between certain 
metallic cations and the negative charge of the ester 
sulfate group. Calcium, potassium, ammonium, rubidium, 
and cesium salts have been reported to gel kappa carra­
geenan sols (Smith et al., 1953; Stoloff, 1959). They 
stated that bivalent calcium cation probably forms a cross 
link between carrageenan molecules, whereas the mecha­
nism of the monovalent cations is regarded as a zipper 
arrangement between aligned sections of linear polymer 
sulfates with the ion forming the lock between alternating 
surface radicals from each section. The four monovalent 
ions reported to be effective gelling agents have similar 
ionic diam eters; however, sodium and lithium, which do 
not have the ability to gel kappa carrageenan sols, are 
thought to have ionic diameters too large to fit into the 
crystal lattice of the carrageenan molecule.

Gel strength increases with increasing concentrations of 
potassium ions until the concentration of potassium affects 
the solubility of the carrageenan (Stoloff, 1959). Potas­
sium chloride is the most commonly used gelling agent for 
dessert gels (Baker, 1949, 1954; Campbell, 1962; Stan­
dard Brands, 1960). An early study by Rice (1946) 
indicated KCI to be more effective than CaCL, which 
was, in turn, more effective than NaCI in precipitating 
and setting carrageenan sols. Marshall et al. (1954) 
reported K to be a more effective gelling cation than Mg, 
Na, N H 4, Ca or Li, while Stoloff (1954) observed the 
rank order for effectiveness of cations for developing 
gel strength to be K, N H 4, Ca, Mg, Al, and Na. None 
of these investigators estimated the amount of kappa car­
rageenan in the sample.

The purpose of the study reported here was to quantify 
the effect of increasing concentrations of various cations 
on both ion-exchanged and non-exchanged kappa carra­
geenan and to determine whether the use of increasing 
concentrations of potassium chloride in the dispersing 
media of the ion-exchanged kappa carrageenan will be 
effective in returning the gel strength to that of the 
non-exchanged kappa carrageenan.

EXPER IM EN TA L

K appa carrageenan, the chemical analysis of which 
was published previously (Zabik et al., 1965), was sub­
mitted to ion-exchange with the cations Al+3, N H fi1, 
Ca+2, Fe+2, F e '!, M g'2, Na+1 and Sn+2, using the procedure 
outlined by Zabik ct al. (1967). Moisture analyses of the 
original sample and the ion-exchanged samples were deter­
mined by drying to a constant weight in a vacuum oven 
at 70-75°C with a vacuum of 29 in Fig. The Plant 
Analysis Laboratory, Department of Florticulture, per-
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formed potash determinations and spectrographic analysis 
on all samples.

For the first series, 1.0% exchanged kappa-carrageenans 
(weights corrected for differences in moisture to that of 
the original sample) were dispersed in 0.0375, 0.075 and 
0.15 N  chloride solutions of each of the exchanging cations. 
For the second series, 1.0% kappa-carrageenans (original 
sample) were dispersed in 0.0375, 0.075 and 0.15 N  solu­
tions of A1C13, N H 4 CI, CaCl2, FeClo, FeCl8, MgCl2, KC1, 
NaCl and SnCl2. For the third series 1.0% exchanged 
kappa-carrageenans (corrected for moisture differences) 
were dispersed in 0.0375, 0.075 and 0.15 N  KC1.

Three hundred g of carrageenan dispersions were pre­
pared by mixing the carrageenan with each 80°C salt 
solution for 3 min in an Osterizer blender, set on high 
speed, and connected to a powerstat set at 70. The dis­
persion was allowed to stand 1 min to allow entrapped 
air bubbles to surface and this foam was skimmed off. 
Part of the dispersion was immediately poured into an
8.5 X  9.2 X 6.4 cm stainless steel mold to a depth of
3.5 cm. Subsequently, 10 ml of the dispersion were poured 
into a 6 -in. pyrex test tube. The stainless steel mold was 
securely covered with Saran and refrigerated at 4-5 °C 
for 2 0  to 2 2  hr before gel strength measurements were 
performed. The pH of the liquid formed by syneresis was 
determined after the gel strength had been measured.

The gelling temperature was determined for each sample 
by immersing the test tube containing the dispersion in 
an ice water bath. The sample was considered gelled when 
it did not flow on tipping the test tube to a 45° angle. 
The temperature, to the nearest 0.2°C, was immediately 
taken.

Gel strength was determined using the upper assembly 
of the fixed blade standard shear-compression cell of the 
Allo-Kramer shear press, model SP12, equipped with an 
electronic recorder, model E-2EZ. A 100-lb proving ring, 
25-lb pressure, and 30-sec downstroke were used in this 
operation. Due to the differences in gel strength obtained, 
ranges from 2 - to 2 0 -lbs were used to obtain appropriate 
readings on the recorder.

The carrageenan gels were removed from the refriger­
ator, uncovered, and positioned directly on a supporting 
plate under the test cell after which the fixed blade 
assembly was immediately lowered into the gel to a depth 
of 3.0 cm. The cell was rinsed with cold water before 
each evaluation. The gel strength was calculated as the 
maximum graph reading X range. An area-under-the-

curve index was calculated using a modification of the 
method described by Brown et al. (1967). To compen­
sate for the use of different ranges, the actual area of the 
curve was multiplied by the range to determine the area- 
under-the-curve index.

The data were analyzed for variance. Duncan’s Student- 
ized range test was used to establish significant differ­
ences among cations (Duncan, 1957). The z statistic, 
described by Dixon et al. (1957), was used to compare 
the effect of cations between series. Simple correlation 
coefficients were calculated where appropriate.

RESULTS A N D  D ISCU SSION
T able 1 gives the potash and spectrographic analyses 

of the original sample and the ion-exchanged carrageenans. 
Even though many cations were present, the ion- 
exchanged samples were appreciably higher in their respec­
tive cations. Since the quantities of N H 4  and Sn were 
not included in the spectrographic analyses, it can only 
be assumed that the ion-exchange procedures also produced 
samples with significantly increased amounts of the 
respective cations.

The pH  of the kappa carrageenans either exchanged 
with or dispersed in N H 4, Ca, K, Mg or Na were approxi­
mately neutral (Table 2). Use of Al, Fe+2, Fe+3 or Sn 
to either ion-exchange or disperse the kappa carrageenan 
resulted in low pH ’s of 2-3. These latter pH values are 
sufficiently acidic enough to cause hydrolysis of the carra­
geenan molecule (Stoloff, 1950).

Gelling temperature

Al, Fe+2, Fe+3- and Sn-exchanged kappa carrageenans 
dispersed in increasing concentrations of A1C13, FeCl2, 
FeCl3, and SnCl2, respectively, remained viscous even at 
temperatures below 2°C. Gels were not formed for these 
exchanged carrageenans dispersed in increasing concen­
trations of KC1. In contrast in the latter series, the Mg- 
exchanged carrageenan dispersed in 0.15 N  KC1 gelled 
almost instantly making it impossible to obtain, during 
preparation, a valid gelling temperature. The non- 
exchanged kappa carrageenan dispersed in 0.15 N  KC1 
also gelled during preparation.

Analysis of variance showed very highly significant differ­
ences among gelling temperatures in each of the series. 
The Studentized range test was used to establish differ­
ences among cations for each concentration of dispersing 
media in each series.

T a b l e  1. P o t a s h  a n d  s p e c t r o g r a p h i c  a n a l y s e s  o f  th e  o r i g i n a l  s a m p l e  a n d  io n - e x c h a n g e d  c a r r a g e e n a n .

Cation used in exchange
% ppm

K P Ca Mg Na Mn Fe Cu 3 Zn Mo A l

N o n e 7.40 0.023 0.410 0.260 5120+ 28 170 79.4 106.8 2 2 2 2.20 117
A T 3 3.50 0.023 0.270 0.070 3648 12 108 35.0 42.8 5 4 1.58 1659+
N H V 1 3.50 0.023 0.300 0.160 4144 20 143 65.8 104.6 164 1.80 96
C a +2 3.50 0.023 1.540 0.140 3168 2 2 156 60.0 105.5 134 6.40 86
F e +2 3.50 0.112 0.300 0.110 3840 30 726+ 10.2 14.6 69 1.60 84
F e +0 3.92 0.102 0.315 0.130 4032 42 726+ 17.6 11.5 30 1.60 54
Mg+2 3.60 0.023 0.300 1.170 3840 38 132 60.0 97.4 182 1.90 148
N a +1 3.00 0.023 0.270 0.120 5120+ 20 137 62.2 102.0 195 1.85 92
S n * 2 3.92 0.010 0.380 0.180 4784 19 37 17.6 11.5 47 2.10 58

V a l u e s  m a r k e d  +  d e n o te  t h o s e  e x c e e d i n g  r a n g e  o f  s p e c t r o g r a p h i c  i n s t r u m e n t .
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T a b l e  2 . p H  v a l u e s  o f  k a p p a  c a r r a g e e n a n  g e ls .

Series
Cation used for ion-exchange and/or dispersing media

solution NH4+1 Ca+2 Mg+2 K+1 Na+1 A1+8 Fe+2 Fe+3 Sn+2

E x c h a n g e d  k a p p a 0.0375 6.2 7.0 7 . 0 7 . 8 2 . 0 2.1 2 . 0 1.8
in  e x c h a n g i n g 0.075 6.0 7.1 6 . 9 7 . 9 1 .9 2.0 1 .8 1.7
c a t i o n  s o lu t io n s 0.15 5.8 7.3 7 .0 7 . 9 1 .9 2.1 1 .8 1.5
N o n - e x c h a n g e d 0.0375 6.8 6.9 7 .3 7 .4 8 . 0 3 . 2 4.3 2 . 2 2.1
k a p p a  in 0.075 6.6 6.9 7 . 4 7 .3 8 . 0 3 . 0 3.5 2 .1 2.1
c a t i o n  s o lu t io n s 0.15 6.4 6.9 7 . 4 7 .3 7 . 9 3 . 0 3.0 1 .9 2.0
E x c h a n g e d  k a p p a 0.0375 6.6 7.5 7 . 8 7 .8 2 .1 2.4 2 . 2 2.2
in  K C 1 0.075 6 . 7 7.5 7 .7 8 .1 2 .1 2.4 2 . 2 2.1

0.15 7 .3 7.9 7 . 7 8 .3 2 . 0 2.3 2 . 2 2.1

As shown in Table 3, the Na-exchanged kappa carra­
geenans dispersed in NaCl had significantly lower gelling 
temperatures (P  ^  0.01 for 0.0375 N  and 0.05 N ;  P ^  
0.001 for 0.075 N )  than the N H 4 -, Ca- or Mg-exchanged 
carrageenans gelled with N H 4 C1, CaCl2, or MgCl2, re­
spectively. The Mg-exchanged carrageenan gelled with 
0.075 N  MgCl had a higher gelling temperature than the 
N H 4 -exchanged carrageenan gelled at the highest tem­
perature (significant at 0 .1 % level), showing a reversal 
of the previous trend.

Non-exchanged kappa carrageenan gelled with KC1 ex­
hibited significantly higher gelling temperatures (0 .1 % 
for 0.0375 N  and 1.0% for 0.075 N )  than all other kappa 
carrageenans. Non-exchanged carrageenan in NaCl or 
SnCl2 gelled at the lowest temperatures (Table 3).

In contrast, few significant differences occurred among 
the gelling temperatures of exchanged kappa carragee­
nans in KC1. However, in all but one instance the gelling 
temperature of the exchanged kappa carrageenan in KC1 
was very significantly higher at 1 .0 % level than the 
respective gelling temperature of the exchanged carra­
geenan gelled with the exchanging cation (Table 3). 
Moreover, all the gelling temperatures in this series were 
similar to those of the non-exchanged kappa carrageenan 
gelled with corresponding concentrations of KC1. Stoloff
(1959) also reported carrageenan gels with both K and 
Ca present gelled at temperatures similar to gels with 
only K present.

Increasing the concentration of gelling cation resulted 
in few significant differences in gelling temperatures 
(Table 4 ). The following combinations resulted in sig­
nificantly higher gelling tem peratures: higher concentra­
tions of N H 4 CI with either exchanged or non-exchanged 
carrageenan ; SnCl2  with non-exchanged carrageenan; and 
CaCl2  with Ca-exchanged carrageenan. In  addition, kappa 
carrageenan gelled with 0.075 N  KC1 formed a gel at a 
highly significantly higher temperature than with 0.0375 N  
KC1. These latter results agree with those of Stoloff 
(1959) who reported increasing gelling temperatures with 
increasing potassium concentration. He postulated that 
the controlling factor was the ionic strength. Results of 
the present study also agree with his findings that sodium 
ions had no effect on gelling temperature and that N H 4 

ions behave similarly to K in their effect on gelling 
temperature.

In the present investigation calcium ion concentration 
was found to affect the gelling temperature, at least for

the exchanged carrageenan. However, the lack of signifi­
cant effect of calcium ion concentration on the gelling 
temperature of the non-exchanged kappa carrageenan 
would support Stoloff’s statement that calcium ions do 
not affect gelling temperatures.

Gel strength
Means and significant differences among the exchanged 

and non-exchanged kappa carrageenan series for gel 
strength data based on maximum force and area-under- 
the-curve index are presented in Table 5. Both measures 
of gel strength showed similar results. Only carrageenans 
exchanged with N H 4 , Ca, Mg and Na were capable of 
forming gels; this was true with either the exchanging 
cation or KC1 used in the gelling medium. The Ca- and 
Mg-exchangec carrageenans exhibited the greatest gelling 
ability and the Na-exchanged carrageenans were generally 
the weakest. Calcium and magnesium ions form gels with 
kappa carrageenan by cross linking the macromolecules. 
These data show them to be equally effective as gelling 
cations at 0.0375 and 0.075 N  levels of concentration; 
however Mg was more effective than Ca at the 0.15 N  
level.

Both the Ca- and Mg-exchanged carrageenan exhibited 
significantly lower gel strengths at the 0.15 N  level of 
concentration than at the 0.0375 N  level (Table 4 ). Thus, 
it appears that although a certain concentration of Ca 
or Mg is necessary for gel formation, increasing the con­
centration of the cation over this amount decreases the gel 
strength. The probable explanation is that as the concen­
tration of bivalent cation increases, more carrageenan- 
bivalent cation-chloride bonding occurs and less carra­
geenan-bivalent cation-carrageenan cross links result, thus 
weakening the structure.

Table 5 also shows very highly significant differences 
between the non-exchanged carrageenan in CaCl2  and the 
corresponding values for the Ca-exchanged carrageenan 
and significant differences between the non-exchanged 
carrageenan in MgCl2 and the corresponding values for 
Mg-exchanged carrageenan (1.0, 5.0, and 1.0% level of 
probability for 0.0375, 0.075 and 0.15 N , respectively). 
Again, increasing the concentration of cation through ion- 
exchange reduced the gel strength. The percentage of Ca 
in the original sample was slightly higher than Mg and the 
percentage of Ca in the Ca-exchanged carrageenan was 
higher than the percentage of Mg in the Mg-exchanged 
carrageenan (Table 1). These sample differences may



T ab le  3. M e a n s 1 an d  s ig n ifican t d iffe ren ces am o n g  g e llin g  te m p e ra tu re s  ( ° C )  fo r  ex ch an g e d  an d  n o n -ex ch an g ed  k a p p a  c a r ra g e e n a n  se ries .

Significant differences
Salt Cation used for ion-exchange and/or dispersing media ----- --------------------------------------------------------------------------------------------- “ 7solution---------------------------------------------------------------------------- Additional Additional

Series N  NIX, 11 Ca‘= Mgr-' K+1 Na« Al+S Fe+2 Fe+3 Sn+= At 0.1% at 1.0% at 5.0%
1. E x c h a n g e d  k a p p a 0 .0 3 7 5 19 .2 2 3 .0 22.8 9 .3 3 3 3 3 C a  M g  N H ,  N a N H ,  >  N a N o n e

g e l l e d  w i t h 0 .0 7 5 2 3 .0 2 8 .7 3 1 .5 11 .7 3 3 3 3 M g  C a  N H i  >  N a M g  C a  N H * C a  >  N H *

e x c h a n g i n g
c a t io n 0 .15 4 0 .2 3 2 .0 2 7 .0 13 .3 3 3 3 3 N H ( C a  M g  N a N H * >  C a  M g >  N a N o n e

N o n - e x c h a n g e d 0 .0 3 7 5 2 6 .7 2 5 .3 2 7 .0 3 6 .2 1 2 .8 2 7 .3 2 2 .3 2 1 .0 14 .0 K  >  A l M g N H *  C a  F e +2F e +3 >  S n N a N o n e N o n e

k a p p a  g e l l e d  w i t h 0 .0 7 5 3 3 .3 3 1 .3 2 8 .3 4 2 .3 1 5 .0 27.7 2 9 .5 2 5 .3 2 0 .3 K N H * C a  F e +2M g A l F e +3 S n N a K  >  N H i C a  C a  >  S n F e +3 >  N a N H *  >  F e +3

s e le c te d  c a t io n s 0 .15 4 0 .3 3 2 .0 3 0 .8 19 .3 3 0 .0 3 0 .0 2 5 .3 2 4 .3 N H * C a  M g A l F e +2F e +3S n N a N H ,  >  C a  M g A l F e +2 >  N a F e +3S n  >  N a

3. E x c h a n g e d  k a p p a 0 .0 3 7 5

* **

3 1 .7

* * *

3 4 .7

* **

3 5 .0

* **

2 9 .3 3 8 3 8 N o n e M g  C a  >  N a N o n e

g e l l e d  w i t h 0 .0 7 5 4 3 .5

* * *

4 2 .2

**

4 1 .5

* **

3 9 .7 3 8 8 8 N o n e N o n e N H *  C a  M g  N a

K C 1 0 .15

* * *

5 1 .0

* * *

5 0 .7

* **

5 1 .3 3 3 3 3 N o n e N o n e N o n e

1 B a s e d  o n  3 r e p l i c a t i o n s .
2 I t e m s  u n d e r s c o r e d  b y  o n e  c o n s e c u t iv e  l i n e  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  ( D u n c a n ,  1 9 5 7 ) .
*** V a l u e s  f o r  t h i s  s e r i e s  d i f f e r  s i g n i f i c a n t l y  ( P  ^  0 .0 0 1 )  f r o m  v a l u e s  o f  c o r r e s p o n d i n g  i o n - e x c h a n g e d  c a r r a g e e n a n  g e l l e d  w i t h  e x ­

c h a n g i n g  c a t i o n ; * *  s i g n i f i c a n t  a t  P  ^  0 .0 1 .
3 G e ls  d id  n o t  f o r m .
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T a b l e  4 . S i g n i f i c a n t  e f f e c t s  o f  c o n c e n t r a t i o n s  1 o f  g e l l i n g  c a t io n s .

0
N on-exchange kappa 

ca rra g ee n a n  gelled  w ith 
v a rio u s  cations

E x ch an g ed  kappa ca rra g ee n a n  
gelled  w ith  exchang ing  

cation
E x ch an g ed  k appa  ca rra g ee n a n  

gelled  w ith  KC1

C ation 0 . 1%
A dd itio n a l 

a t  1 .0%
A dd itiona l 

a t  5 .0% a t  0 .1 %
A dd itiona l 

a t  1 .0%
A dd itio n a l 

a t  5 .0 % a t  0 .1 %
A dd itio n a l A dd itiona l 

a t  1 .0%  a t  5 .0 %

n h 4 H M L N o n e N o n e H  >  M  =  L N o n e N o n e H  >  M  >  L N o n e N o n e

<L)
C a N o n e N o n e N o n e N o n e H A I L A l >  L H  >  M  >  L N o n e N o n e

+-1nj M g N o n e N o n e N o n e N o n e M H l T N o n e M  >  L N o n e N o n e
uPh K N o n e M  >  L N o n e

’

5 N a N o n e N o n e N o n e N o n e N o n e N o n e H  >  M  >  L N o n e N o n ebo£ A l N o n e N o n e N o n e
U
O

F e +2 N o n e N o n e H  =  M  >  L
F e +3 N o n e N o n e N o n e
S n N o n e H M L N o n e

N H , H  >  M  >  L N o n e N o n e H  >  M  =  L N o n e N o n e N o n e N o n e N o n e
C a L M H L  >  M  >  H N o n e L  =  M  >  H L  >  M N o n e AI =  L  >  H N o n e N o n e

<D M g N o n e L M H N o n e L M H N o n e A l >  H N o n e A I >  L N o n e
O K M  >  L N o n e N o n e
s
3
s

'x

N a H M L H  >  M N o n e H M L N o n e N o n e M  =  L  >  H N o n e N o n e

A l N o n e N o n e N o n e
a F e +2 M H L N o n e N o n e

F e +3 N o n e L  >  M  =  H N o n e

S n H  >  M  =  L N o n e N o n e

n h 4 H  >  M  =  L M  >  L N o n e H  >  M  =  L N o n e N o n e N o n e N o n e N o n e
X<u C a N o n e L M H M  >  H L M H N o n e L  >  M  >  H M  =  L  >  H N o n e N o n e

M g N o n e N o n e N o n e N o n e L M H N o n e N o n e M  >  L N o n e

P K M  >  L N o n e N o n e
<u

N a N o n e H M L H  >  M H A I L N o n e M  >  L M  =  L  >  H N o n e N o n e
<vt:
£

A l N o n e N o n e N o n e
'

F e +2 N o n e N o n e N o n e
<uu F e +3 N o n e N o n e L >  M  =  H

S n H  >  M  =  L N o n e N o n e

1 H  =  .15  N  ; M  =  0 .0 7 5  N  ; L  =  0 .0 3 7 5  N.

account for the slight difference in effect of Ca and Mg 
found in this study.

The N H 4-exchanged carrageenan was expected, on the 
basis of work by Smith et al. (1953), to have greater gel 
strength than the Na-exchanged carrageenan. These in­
vestigators reported the ammonium ion to have an ionic 
diameter capable of forming a zipper arrangement between 
aligned sections of linear polymer sulfates, whereas the 
sodium ion has an ionic diameter too large to fit into the 
crystal lattice of the carrageenan molecule. Stoloff (1958) 
advocated use of a potassium salt of a sequestering agent, 
preferably potassium metaphosphate, to bind extraneous 
ions of Na+1, Ca+2 and Mg+ 2 present in tap water in order 
to improve the texture of the carrageenan water gel.

A more complete rank order of cation effect can be 
obtained from the series of non-exchanged carrageenan 
in increasing concentrations of various cations (Table 5). 
Potassium chloride produced the strongest gels. The next 
most efficient salts were CaClo and MgCU. FeCU and 
N H 4 C1 produced gels of medium strength; and NaCl and 
S11CI2 produced somewhat weaker gels. Very little gela­
tion occurred when FeCl3 or AICI3  were used. The pFl of 
the gels with AICI3 , FeCU, S11CI2 and possibly FeClo

were sufficiently low to have resulted in acid hydrolysis 
of the carrageenan macromolecule (Table 2).

The order of gel strength for the 0.15 A  level of concen­
tration differed slightly from that of the lower two levels 
reflecting differences that increasing concentration of cation 
had on gel strength. Use of increasing concentrations of 
NFL4C1, NaCl, KC1 and SnCU resulted in increased gel 
strength, whereas increasing concentrations of CaClo, 
FeCl3 and MgCU resulted in decreased gel strength. The 
data obtained in this investigation agreed with the effect 
of cations reported by Rice (1946) and Marshall et al-
(1954). The rank order reported by Stoloff (1954) is 
similar to that obtained at the 0.15 A  level of salt, except 
that in the present study NaCl was more effective than 
AICI3 . A t the two lower levels of concentration the 
MgCl2  and CaClo were more effective than N H 4 CI, which 
is the reverse of the rank order reported by Stoloff.

All non-exchanged carrageenan gels exhibited signifi­
cantly higher gel strengths than the corresponding ex­
changed carrageenan gels (Table 5). Since increasing 
concentrations of Na and N H 4  had previously increased 
gel strength, the increase in concentration of cation alone 
does not seem to explain these reduced gel strengths. Thus



T ab le  5. M e a n s 1 an d  s ig n ifican t d iffe ren ces am o n g  gel s tre n g th  fo r e x ch an g e d  an d  n o n -ex ch an g ed  k a p p a  c a rra g e e n a n  se ries .

c
S g
S  fi

S a lt
solution

JV

C ation  used  fo r  ion-ex change a n d /o r  d isp e rs in g  m edia
A dd itio n a l 

a t  1 .0 %
3

S eries N H ,* 1 Ca+= M g+2 K +1 N a +1 A l+S Fe*2 F e +3 Sir*-2 A t 0 .1 % a t  5 .0 %

1. E x c h a n g e d  k a p p a 0 .0 3 7 5 1 .40 2 .6 9 2 .6 9 0 .8 8 C a M g  >  N H - i  >  N a N o n e N o n e

g e l l e d  w i t h 0 .0 7 5 1 .5 8 2 .2 6 2 .51 1 .2 2 M g C a  >  N H . N a N H ,  >  N a M g  >  C a

e x c h a n g i n g  c a t io n 0 .15 2 .1 3 1 .73 2 .1 4 1.51 M g N H i  >  C a N a N o n e N o n e

2 . N o n - e x c h a n g e d * * * *** ** ***

k a p p a 0 .0 3 7 5 1.71 3 .5 3 3 .0 7 5 .5 3 1.31 0 .5 3 1 .79 0 .6 4 1.15 K  >  C a  >  M g  >  F e +3N H 4 >  N a S n  >  F e t3A l  N o n e N o n e

*** *** **
1
o g e l l e d  w i t h 0 .0 7 5 2 .1 9 3 .1 0 2 .8 8 6 .6 7 1 .52 0 .3 0 2 .1 9 0 .2 6 1 .2 8 K  >  C a M g  >  F e +3N H 4 >  N a S n  >  F e +3A1 N o n e N o n e
o ** * ** *
e s e l e c t e d  c a t io n s 0 .1 5 2 .7 9 2 .6 8 2 .6 5 1 .92 0 .3 8 1 .99 0 .1 7 2 .4 2 N H , C a M g S n F e +2N a  >  A lF e * 3 S n  >  F e +3N a N o n e

‘x *** ***

s 3. E x c h a n g e d  k a p p a 0 .0 3 7 5 3 .7 2 5 .2 8 4 .8 8 4 .21 C a M g  N a N H 4 C a  >  N a M g  >  N a

*** *** *** ***

g e l l e d  w i t h 0 .0 7 5 4 .21 5 .65 5 .7 2 4 .8 7 M g C a  N a N H i M g C a  >  N a N a  Î î  N H ,

K C 1 0 .1 5 2 .8 7 3 .25 1 .67 C a N H 4 >  N a N o n e N o n e

1. E x c h a n g e d  k a p p a 0 .0 3 7 5 2 4 .9 5 5 .9 5 6 .5 15.5 M g C a  >  N H 4N a N  o n e N H ,  >  N a

g e l l e d  w i t h 0 .0 7 5 2 8 .5 4 7 .3 5 2 .5 2 3 .5 M g C a  >  N H , N a N o n e N  o n e

e x c h a n g i n g  c a t io n 0 .15 4 2 .0 3 7 .6 4 6 .2 2 9 .7 M g N H 4 C a  N a N H ,  >  N a C a  >  N a

2. N o n - e x c h a n g e d * ***
X<u k a p p a 0 .0 3 7 5 3 1 .2 7 1 .4 6 6 .2 12 6 .5 2 3 .4 1 0 .4 3 7 .3 1 2 .3 1 8 .8 K  >  C a M g  >  F e +=N H , N a S n  F e +3A 1 N H *  >  S n  N a  >  F e +3A l  N H ,  >  N a  S n  >  A l

V *** *** *
u3 g e l l e d  w i th 0 .0 7 5 4 2 .3 6 7 .5 5 8 .9 1 5 3 .2 3 0 .0 4 .5 45 .1 2 .8 2 5 .6 K  >  C a M g  >  F e * 2N H ,  >  N a S n  >  F e ‘3A l N o n e N o n e

*** *** *** *
vi
*■0 s e l e c t e d  c a t i o n s 0 .1 5 5 7 .2 5 9 .3 6 0 .3 3 8 .7 7 .7 4 2 .4 2 .1 4 1 .6 M g C a N H .  >  F e * = S n '= N a  >  A lF e * 3 N o n e M g  >  N H 4

3 *** *** ***
rt
u
<

3. E x c h a n g e d  k a p p a 0 .0 3 7 5 8 0 .9 1 1 2 .0 1 0 8 .7 9 4 .7 C a  M g  N a  N H , C a M g  >  N H , C a  >  N a

*** *** *** ***

g e l l e d  w i t h 0 .0 7 5 9 0 .5 1 2 5 .2 134 .1 1 1 2 .2 M g C a  N a  N H , M g  >  N a  >  N H 4 N o n e

* *** *

K C 1 0 .1 5 6 6 .9 7 4 .2 3 8 .4 N o n e N o n e C a N H ,  >  N a

1 B a s e d  o n  3 r e p l i c a t i o n s .
2 I t e m s  u n d e r s c o r e d  b y  o n e  c o n s e c u t iv e  l in e  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  ( D u n c a n ,  1 9 5 7 ) .
* * *  V a lUe s  f o r  t h i s  s e r i e s  d i f f e r  s i g n i f i c a n t l y  ( P  SC 0 .0 0 1 )  f r o m  c o r r e s p o n d i n g  v a l u e s  o f  i o n - e x c h a n g e d  c a r r a g e e n a n  g e l l e d  w i t h  e x c h a n g i n g  c a t i o n ; **  s i g n i f i c a n t  a t  P  ^  0 .01  ; *  s i g n i f i c a n t  

a t  P  <  0 .0 5 .
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T a b l e  6 . C o r r e l a t i o n  c o e f f ic ie n ts  o f  g e l l i n g  t e m p e r a t u r e  w i t h  g e l  s t r e n g t h .

S eries

E x ch an g ed  kappa 
gelled  w ith  _ 

exchang ing  cation

N on-exchanged  
kappa gelled w ith  
selected cations

E xchanged  
kappa gelled 

w ith  KC1

G e l.  t e m p .  M a x .  f o r c e A r e a G e l. t e m p .  M a x .  f o r c e A r e a G e l. te m p .  M a x .  f o r c e A r e a

G e l .  te m p . .1 3 4 .211 .5 9 3 * * .6 1 7 * * - . 5 4 5 - . 5 0 2

M a x .  f o r c e .1 3 4 .6 2 9 * .5 9 3 * * .7 9 6 * * * - . 5 4 5 .9 4 0 * * *

A r e a .211  .6 29* .6 1 7 * *  .7 9 6 * * * - . 5 0 2  .9 4 0 * * *

* S i g n i f i c a n t  a t  t h e  5 %  le v e l  o f  p r o b a b i l i t y .  
**  S i g n i f i c a n t  a t  t h e  1 %  le v e l  o f  p r o b a b i l i t y .  

* **  S i g n i f i c a n t  a t  t h e  0 .1 %  le v e l  o f  p r o b a b i l i t y .

it is possible that the ion-exchange procedure may have 
caused slight degradation of the carrageenan macro­
molecule and contributed to the reduced gel strength 
values.

Use of 0.0375 N  and 0.075 N  KC1 to gel the exchanged 
kappa carrageenans resulted in very highly significant 
increased gel strengths when compared to corresponding 
values for the exchanged carrageenan gelled with the 
exchanging cation (Table 5). These values, in fact, ap­
proached the gel strengths of the non-exchanged kappa 
carrageenan in 0.0375 and 0.075 N  level of KC1, respec­
tively. These data disagree with the statement of Stoloff
(1959) that use of Ca and K salts together tend to reduce 
the gel strength toward that predicted by use of the calcium 
ions alone. The rank order for effect of cation for this 
series was similar to that previously mentioned for the 
exchanged carrageenan gelled with the exchanging ca­
tions so, although use of potassium chloride greatly in­
creased the resulting gel strength, the cations used in the 
ion-exchange also affected the final strength of the gel.

In this series of exchanged carrageenans gelled with 
KC1, those gels with 0.15 IV concentration all exhibited 
significantly lower gel strength than corresponding carra­
geenans with lower levels of KC1 (Table 4). Because all 
of these gelled at 51°C (Table 3), the imperfections in the 
gel produced by partial gelation during pouring may ac­
count for the reduced gel strength. Viscousness of the 
dispersions and difficulty in the removal of entrapped air 
may have contributed to reduced gel strength.

Significant correlation coefficients were obtained for 
all series between maximum force and area-under-the- 
curve indexes (Table 6 ). However, as shown in Table 6 , 
the relationship between gelling temperature and gel 
strength varied among the series. Thus, gelling tempera­
ture alone was not always an indication of gel strength.
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The Isolation and Characterization of an 
«1,4 (4,5 Dehydrogalacturonosyl) Galacturonate Hydrolase

SUMMARY—An unsaturated oligogalacturonate hydrolase was 
isolated from the cell extracts of a Bacillus sp. This enzyme 
attacked only the a 1,4 glycosidic bond adjacent to the 
terminal 4,5-dehydrogalacturonate of unsaturated oligogalac- 
turonides and preferentially attacked short chain unsaturated 
uronides. The rate of activity was maximal with unsaturated 
dimer followed by trimer (65% that of dimer), tetramer (47%) 
and pentamer (35%). The pH optimum was 6.3 to 6.6 and the 
enzyme did not require calcium ions for its activity. The 
enzyme was relatively stable below 30°C but lost 90% of 
its activity after 10 min at 40°C.

I N T R O D U C T IO N

I n r e c e n t  y e a r s , exocellular pectolytic enzymes of bac­
terial origin have been investigated intensively by several 
groups. It has become increasingly evident that trans- 
eliminases (lyases) appear to be the major components. 
However, information is limited on the characteristics of 
intracellular pectolytic enzymes.

It has been reported that, in addition to transeliminases, 
cell extracts of several bacteria possess hydrolases (Nagel 
et al., 1961; Okamoto et al., 1963; Preiss et al., 1963). 
In a more recent study, we have partially purified the 
hydrolase from the cell extract of Bacillus, isolate B 
(Iiasegawa et al., 1967). This partially purified prepara­
tion, which was free of transeliminase activity, appeared 
to be quite different from known pectic enzymes in that 
the enzyme preferentially attacked short chain uronides. 
The preparation attacked both saturated and unsaturated 
oligouronides liberating monomers from the non-reducing 
end of the substrates. Although the preparation was active 
on both types of substrates, activities on the two groups 
of substrates were significantly different. Therefore, it 
was quite likely that there were at least two different types 
of hydrolases present in the preparation. One is an oligo­
galacturonate hydrolase and the other is an unsaturated 
oligogalacturonate hydrolase which attacks only the a 1 M 
glycosidic bond adjacent to the terminal 4,5-unsaturated 
galacturonate.

The purification and characterization of the latter type 
of hydrolase is reported in this paper. The enzyme has 
been isolated from the cell extract of Bacillus, isolate 5, 
and found to be free of transeliminase and oligogalacturon­
ate hydrolase activities.

MA TE RIA LS A N D  M E T H O D S

Preparation of substrates

Saturated and unsaturated oligogalacturonides were pre­
pared and characterized by the methods described orevi- 
ously (Hasegawa et al., 1966 ; Nagel ct al, 1965).

Growth of cells

The strain of Bacillus sp., identified as isolate 5, used 
in this study was isolated from soil on a pectic acid medium 
similar to the one used by Priess et al. ( 1963). The culture 
was grown under the same conditions used for mass culti­
vation of Bacillus, isolate B, (Hasegawa ct al., 1966). In 
this case, however, cells were harvested after 48 hr of 
incubation at 23 ±  1°C.

Assay methods

Protein concentration was measured by the procedure 
of Lowry et al. (1951). Oligogalacturonides were deter­
mined by the carbazole method (McComb et al., 1952). 
Unsaturated galacturonic acid, which gives no color for­
mation when it is reacted with the carbazole reagent, was 
detected by the thiobarbituric acid (T B A ) method of 
Weissbach et al. (1959). Transeliminase activity was 
assayed by measuring absorbancy changes at 232 mp under 
the conditions described in a previous publication (H ase­
gawa ct al., 1966).

Hydrolase activity was assayed by determining the de­
crease in absorbancy at 232 m/i. with unsaturated oligo­
galacturonides as the substrates. Activity was measured in 
0.6 ml of a reaction mixture consisting of 0.067M potas­
sium phosphate buffer, pH 6.5, 5 X  1 0 unsaturated 
uronide and proper concentrations of the enzyme prepara­
tion. Absorption changes at 232 nyi were measured auto­
matically in a Beckman DU spectrophotometer equipped 
with a Gilford Multiple Sample Absorbance Record­
ing System containing a constant temperature jacket for 
the cuvette compartment. The reaction was carried out in 
a standard silica cuvette with a spacer to give a 1 mm 
light path. The reaction temperature was 25°C. Initial 
rate determinations were started within 20 to 30 sec after 
addition of enzyme to the reaction mixture, and the rate 
was determined from the linear portion of the curve ob­
tained. One unit of hydrolase is that amount of activity 
that causes the hydrolysis of 0 . 1  /¿mole of unsaturated 
digalacturonic acid per minute under the above conditions. 
¿V molar extinction coefficient of 4,600 (Nagel et al,, 1965) 
was used for conversion of the absorbancy values to molar 
concentrations.

Preparation of enzyme

All operations were carried out in a cold room main­
tained at 5 ±  1°C. The frozen bacterial cells were sus­
pended in 4 volumes of 0.1 M  potassium phosphate buffer, 
pH 7.5, containing 0.1% cysteine-HCl and disrupted by 
sonic vibration for 2 min in a 20kc oscillator. After cen­
trifugation at 12,800 X  g for 10 min, the supernatant solu­
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tion was used as the starting material for isolation of the 
enzyme.

The supernatant solution was brought to 60% saturation 
with ammonium sulfate by the addition of the solid salt 
with continuous stirring. The resulting precipitate, con­
taining the hydrolase activity, was collected by centrifu­
gation at 12,800 X  g for 10 min, dissolved in a minimum 
portion of water and dialyzed against distilled water for 
2 hr. Then, the enzyme solution was applied to a 1.5 X

14.0 cm column of D EA E cellulose, which had been 
equilibrated with 0.01M Tris buffer, pH 7.5. The protein 
was eluted from the column with 0.1 Af Tris buffer, pH 7.5, 
containing 5 X  10~4Af dithiothreitol and increasing concen­
trations of sodium chloride by a stepwise method as 
follows : 75 ml of the buffer followed by 50 ml of the buffer 
containing 0.1 Af NaCl, 25 ml containing 0.15M  NaCl, 
50 ml containing 0.2M  NaCl, 50 ml containing 0 A M  NaCl 
and 50 ml containing 0.7M NaCl. Fractions containing
2.8 ml were collected. The flow rate was approximately 
25 ml/hr..

Paper and column chromatography

The action of the hydrolase on various substrates was 
followed with the use of paper and column chromatog­
raphy. A 2.4-ml reaction mixture was used containing 
12 /¿moles of substrate, 0.067M potassium phosphate 
buffer, pH 6.5 and 0.2 unit of hydrolase. After 2, 4, 6  and 
10 hr of incubation at 30°C, 0.5 ml of the reaction mixture 
was withdrawn, treated with Dowex 50 (H + form) to 
inactivate the enzyme, evaporated to dryness and rehy­
drated in 0.2 ml of water. A 40 /¿I sample was spotted

Transeliminase
OD at 2 8 0 m ¡i (m illi u n its /m I)

Fig. 1. Chromatography of hydrolase on DEAE cellulose.

on Whatman No. 4 paper and chromatographed with an 
ethyl acetate-pyridine-water-acetic acid (5 :5  :3 :1) sol­
vent. Spots were detected by treatment with periodate 
followed by benzidine (Gordon et al., 1956).

Since the paper chromatographic method could not detect 
unsaturated galacturonic acid, the reaction products were 
examined also by column chromatography on Dowex- 
1 x 8  (Nagel et al., 1967a). Identification of the peaks 
and hydrolytic split of the glycosidic bond by the hydro­
lase have been determined by using suitable standards 
(Hasegawa et al., 1966; Nagel et al., 1967a).

Relative rates of attack of unsaturated oligouronides

Reaction mixtures consisted of 0.067M potassium phos­
phate buffer, pH 6.5, 5 X  10~SM  or 1 X  10~2Af substrate 
and 0.045 unit of the enzyme in 0.6 ml. The reaction was 
followed by the standardized procedure.

RESULTS
Purification of enzyme

A typical elution pattern obtained from fractionation of 
the hydrolase by DEAE-cellulose column chromatography 
is shown in Fig. 1. The hydrolase was collected in frac­
tions 60-70, whereas pectic acid transeliminase activity 
was poorly retained on the column and was eluted in frac­
tions 5-20. Fractions 62-68 were combined and used 
as the purified enzyme. A summary of the purification 
is presented in Table 1.

Purity of the preparation

The purity of this preparation with respect to freedom 
from contamination with other pectic enzymes such as 
pectic acid t r a n s e l i m i n a s e  and oligogalacturonate hy­
drolase was further examined. The cell extract of the 
bacterium contained approximately 1.5 X  10~ 2 unit of 
transeliminase activity per milliliter. On the basis of break­
down of the glycosidic bonds, the extract contained about 
170 times more transeliminase activity than that of un­
saturated oligogalacturonate hydrolase. Ammonium sul­
fate fractionation removed 57% of the transeliminase ac­
tivity and the remainder was completely eliminated by 
the column separation. In order to confirm the above, 
the purified preparation was incubated with A SPA  and 
oligogalacturonides and the reaction was followed by 
measuring changes in absorbancy at 232 mg. No increase 
in optical density was observed. The reaction was carried 
out at pH 9.5 where the unsaturated hydrolase is inactive.

The cell-free extract also contained oligogalacturonate 
hydrolase activity. When 45 /¿moles of di- or tri-galac- 
turonic acid were incubated in a 9 ml mixture containing 
33.3% (v /v ) of the cell extract and 0.067M  potassium

T a b l e  1. P u r i f i c a t i o n  o f  t h e  h y d r o l a s e .

P u rific a tio n
step

T o ta l
volum e

(m l)

A c tiv ity
P ro te in  

(m g /m l)

Specific 
ac tiv ity  

(u n i ts /m g  
p ro te in )

P u r if i­
cation

R ecovery
%u n its /m l T o ta l

C e l l  e x t r a c t 6 6 .7 0 .0 8 4 6 5 .4 6 0 .91 0 .0 9 3 l 100

0 .6  ( N H . R S C h  
a f t e r  d i a ly s i s 5 .0 0 .8 8 0 4 .4 0 3 .35 0 .2 6 3 2.8 78

F r a c t i o n s  6 2 - 6 8 19 .6 0 .1 7 6 3 .45 0.22 0 .8 0 0 8.6 61
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T a b l e  2 . R e a c t i o n  p r o d u c t s  o b t a in e d  f r o m  d i f f e r e n t  s u b s t r a t e s .

S u b s tra te P ro d u c ts

D i m e r N o n e
T r i m e r N o n e

T e t r a m e r N o n e

U n s a t .  d im e r U n s a t .  m o n o m e r ,  m o n o m e r

U n s a t .  t r i m e r U n s a t .  m o n o m e r ,  d im e r

U n s a t .  t e t r a m e r U n s a t .  m o n o m e r ,  t r i m e r

phosphate buffer, pH 6.5, it was found that approximately
5.85 /¿moles of the dimer and 6.75 /¿moles of the trimer 
were hydrolyzed during 20 hr of incubation at 30°C. This 
activity was approximately one-fifth that of the unsaturated 
oligogalacturonate hydrolase. All the activity, however, 
was lost during the preparation procedures. In order to 
confirm whether the preparation was free from oligogalac­
turonate hydrolase activity, the preparation was incubated 
with digalacturonic acid for 20 hr at 30°C and the resulting- 
mixture was assayed for the presence of galacturonic acid 
by the NAD H linked enzymic method (Nagel et al., 
1967b). The results showed that no galacturonic acid 
was produced.

The above evidence coupled with the results of paper 
and column chromatographic analyses of reaction prod­
ucts obtained from various oligogalacturonides (Table 2 
and Fig. 2) confirmed that the purified preparation was 
free of transeliminase and oligogalacturonate hydrolase 
activities.

Effects of pH and temperature

Activities of the enzyme at various hydrogen ion con­
centrations on unsaturated digalacturonic acid showed that 
the optimum was in the range of pH 6 .3-6.6 (Fig. 3).

The heat stability of the enzyme is shown in Fig. 4. 
The enzyme was stable at temperatures below 30°C, but 
was almost completely inactivated by heating at 40° C for

Fig. 2. Identification of reaction products by Dowex 1 X 8  
column chromatography. The reaction system contained 45 gmoles 
of unsaturated trigalacturonic acid, 0.067M  potassium phosphate 
buffer, pH 6.5 and 0.53 unit of the enzyme in a volume of 9.0 ml. 
After 12 hr of incubation at 30° C, the resulting mixture was 
chromatographed by procedures described by Nagel e t  a l .  (1967a).

10 min. Preliminary studies indicated that this unsatu­
rated oligogalacturonate hydrolase was most stable at 
pH 7.5.

Characterization of reaction products

The results of paper and column chromatographic 
analyses of the reaction products are summarized in 
Table 2. No products were detected from the reaction 
mixtures of saturated oligogalacturonides. As previously 
mentioned, this confirms the absence of both oligogalac­
turonate hydrolase and transeliminase activities in the 
purified preparation. Unsaturated digalacturonic acid was 
hydrolyzed to galacturonic acid and unsaturated galac­
turonic acid. After 10 hr of incubation the reaction was 
complete. As shown in Table 2 and Fig. 2, unsaturated 
galacturonic acid and digalacturonic acid were the products 
obtained from unsaturated trigalacturonic acid. Unsatu­
rated tetragalacturonic acid was hydrolyzed to unsaturated 
galacturonic acid and trigalacturonic acid. None of the 
saturated oligouronides produced from unsaturated uro- 
nides were further hydrolyzed. The two peaks of unsatu­
rated monomer shown in Fig. 2 have also been observed by 
Priess et al. (1963). If the reaction mixture is held for 
a period of time prior to chromatography, peak B is not 
observed.

Fig. 3. Effect of pH on hydrolase activity. The 
reaction mixture consisted of 5 X  10~!M  unsaturated 
digalacturonic acid, 0.067M potassium phosphate buffer 
and 0.045 unit of the hydrolase per 0.6 ml.
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R e s i d u a l  A c t i v i t y  (%)

Fig. 4. Heat stability of hydrolase. Enzyme solu­
tion in 0.5M potassium phosphate buffer, pH 7.5, teas 
treated at various temperatures for 10 min. The resid­
ual activity tuas assayed with unsaturated digalactu- 
ronic acid by the standard method.

Relative rates of attack of unsaturated oligouronides

Results of paper chromatographic studies suggested that 
unsaturated digalacturonic acid was attacked at the fastest 
rate followed by trimer and tetramer, in that order. The 
relative rates of attack were further studied by measuring 
absorbancy changes at 232 mg.. As summarized in Table 3, 
the relative rates of hydrolysis of unsaturated oligouro­
nides were inversely proportional to the chain length. The 
activity was maximal with unsaturated dimer, followed 
by unsaturated trimer (65% that of dimer), unsaturated 
tetramer (47%) and unsaturated pentamer (35%).

Effect of EDTA

Reaction was carried out in 0.6 ml of the mixture 
containing 5 X  \0r*M  unsaturated digalacturonic acid, 
0.0673/ potassium phosphate, pH 6.5 and 0.045 unit of 
the enzyme in the presence of 1 X  1CHM or 1 X  10~3M 
EDTA. The results show that ED TA  had no effect on 
enzyme activity (Table 4 ). I t is apparent that, unlike 
transeliminases, the enzyme requires no divalent cations 
for activity.

T a b l e  3. R e l a t i v e  r a t e s  o f  a t t a c k  o n  t h e  u n s a t u r a t e d  s u b s t r a t e s .

S u b s tra te s

A c tiv ity  
AOD 232 
m /i/m in

R ela tive
ra te
%

U n s a t u r a t e d  d im e r 3 .4  x 103 100
U n s a t u r a t e d  t r i m e r 2 .2  X  1 0 3 65
U n s a t u r a t e d  t e t r a m e r 1 . 6  x IO“3 4 7

U n s a t u r a t e d  p e n t r a m e r 1 .2  X  I T 3 35

T a b l e  4 . E f f e c t  o f  E D T A  o n  h y d r o l a s e  a c t i v i t y .

T rea tm e n ts

A c tiv ity  
AOD 232 
m /¿/m in

C o n t r o l 3 .3  X  IO '3
lO - 'M  E D T A 3 .4  X  IO “3
10-“M  E D T A 3 .3  X  IO-3

DISCUSSION
T iie h y d r o l a s e  p u r i f i e d  from the cell extract of Bacill- 

lus, isolate 5, was proved to be free of transeliminase and 
oligogalacturonate hydrolase activities. This hydrolase at­
tacked specifically the a 1,4 glycosidic linkage adjacent to 
the terminal unsaturated galacturonate of unsaturated 
uronides but was inactive toward saturated uronides. So 
far as we know, this is the first time that the unsaturated 
oligogalacturonate hydrolase has been isolated.

The results show also that the enzyme preferentially 
attacked short chain uronides. This behavior is in contrast 
to other polygalacturonases (Demain et al., 1954; Luh 
et al., 1956; McCready et al., 1954) and transeliminases 
(lyases) (Nagel et al., 1965; Hasegawa et al., 1966), 
which degrade oligogai acturonic acids at rapidly declining 
rates as the chain length of the substrate decreases. In 
the case of an exo-transeliminase, the enzyme attacks 
uronides of different chain length at the same rate (Mac­
millan et al., 1964b). The same type of hydrolase activity, 
however, has been shown with horse serum maltases, 
which hydrolyze maltose most rapidly and higher oligo- 
glucosides, starch and glycogen at slower rates (Lieber- 
man et al., 1957 ; Rutter et al., 1961).

The range of optimum pH, 6.3 to 6 .6 , differs also from 
other pectolytic enzymes. It is slightly higher than poly­
galacturonases of fungi (Luh et al., 1953; Saito, 1955) 
and plants (McColloch et al,, 1948) but much lower than 
bacterial transeliminases (Hasegawa el al., 1966; Mac­
millan et al., 1964a; Nagel et al., 1965).

From the limited survey of pectic enzymes of bacterial 
origin, it is now apparent that there are at least three 
basically different types of bacterial pectic enzymes, that 
is, transeliminases including both exo- and endo-types, 
oligogalacturonate hydrolases and unsaturated oligogalac­
turonate hydrolases. Isolation and characterization of the 
saturated oligogalacturonate hydrolase of Bacillus, isolate 
B, is described elsewhere (Hasegawa et al., 1968).
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in  a p p lic a tio n , in  p e rs o n a l s ta tu re .  F o o d  p ro fe s s io n a ls  
c o n tin u a lly  a sk  th e m s e lv e s : how  m u ch  do we re a lly  know  
ab o u t th e  su b s ta n c e  a n d  to o ls  o f o u r p ro fe s s io n !  W e need  
to  k n o w  m o re  ab o u t th e  d isc ip lin e s  a t th e  b a se  of th e  
p ro c esse s  we use. W e n eed  to  ru b  g ra y  m a t te r  w ith  th e  
liig h -ca lib e r m in d s  th a t  ro o s t in  th e  sp e a k e rs , th e  l is te n e rs  
a t  I F T ’s u p co m in g  A n n u a l M eetin g . T h e re  th e  w o rd  w ill 
be B A S IC , b u t fo r  d isc ip lin e d  u se— by y o u  in  re a c h in g  
a n d  k e e p in g  p ro fe s s io n a l m a tu r i ty  a n d  know -how ; by  y o u r  
co m p an y  o r o rg a n iz a tio n  in  g a th e r in g  h e lp fu l in fo rm a tio n  
on acco m p lish m en ts  an d , m o re  im p o r ta n t ,  t r e n d s  in  th e  
fo o d  w o rld . A d d  th e  fo u r th  d im en sio n  to  y o u r  d isc ip lin e—  
p la n  to  com e fo u r th  a n d  be p re s e n t  a t  th e
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Sarcoplasmic and Myofibrillar Protein in Skeletal Muscle of Two Breeds of Pig

SUMMARY—The sarcoplasmic and myofibrillar proteins were 
extracted from two muscles of Landrace and Large White 
pigs using solutions of low and high ionic strengths. The 
breed of pig did not affect the extractabiIity of the proteins.
It was concluded that the genetic background did not in­
fluence the inherent extracta bi I ity of the muscle proteins 
before differences in rate of post-mortem glycolysis (con­
sidered to exist between the types of pig studied) could 
induce changes in protein solubility.

I N T R O D U C T IO N
W h e n  p i g  s k e l e t a l  m u s c l e  goes into rigor mortis 

under acidic conditions soon after death, i.e., when pH 
values at or below 6 . 0  are reached before the temperature 
of the muscle has fallen below 35 °C, a marked reduction 
occurs in the solubility ( 1 ) of the sarcoplasmic proteins at 
low ionic strength, and ( 2 ) of the myofibrillar proteins 
at high ionic strength (McLoughlin, 1963; Sayre et al., 
1963; Briskey et al.. 1964).

Such changes in the solubility of the proteins have been 
associated with pale, soft, exudative post-rigor muscle 
(H art, 1962; Sayre et al., 1963; Sayre et al., 1964; Bor- 
chert ct al., 1964 and 1965; Sayre et al., 1966 ).

While information is available on changes which occur 
in the solubility of muscle proteins during rigor, there is 
relatively little information about the absolute amounts of 
sarcoplasmic and myofibrillar protein in pre-rigor pig 
muscle. Similarly, there is very little evidence to indicate 
whether there are genetically-determined differences in the 
protein extractability of pre-rigor muscle between different 
breeds of pig. Sayre et al. (1963), Borchert et al. (1965) 
and Sayre ct al. (1966) published figures for the amounts 
of sarcoplasmic and myofibrillar protein in pig longissimus 
dorsi muscle excised at death; Sayre et al. (1966) com­
pared the amounts of these proteins in the longissimus 
dorsi muscle of adult Poland China and Chester White 
pigs.

The object of the work reported here was to determine 
whether there are inherent, i.e., genetically determined, 
differences in the amounts of sarcoplasmic and myofibrillar 
protein which can be extracted from pre-rigor muscle 
of Large White and Landrace pigs. There is evidence 
(Lawrie, 1960; Bendall et al., 1963) which suggests that 
there are differences in the rate of glycolysis post-mortem 
between these breeds of pig.

E X P E R IM E N T A L
Animals

Twenty-two pure-bred pedigree Landrace and Large 
White pigs from two herds kept together on the same 
farm under the same conditions were slaughtered in the 
live-weight range 160 to 180 lb. The pigs were transported 
individually to the laboratory the day before slaughter.

Slaughter

The pigs were stunned by shooting through the fore­
brain with a captive-bolt pistol and were then exsangui­
nated.

Extraction of proteins

Specimens of the longissimus dorsi muscle at the level 
of the last rib, and the gastrocnemius muscle, were removed 
immediately after exsanguination. All subsequent opera­
tions were carried out at 2°C. Superficial fat and connec­
tive tissue were quickly removed, the muscle was chopped 
into pieces and duplicate samples (15 g) were placed in 
cold extracting solutions and homogenized. The extrac­
tion procedure was based on that described by Helander
(1957).

Sarcoplasmic protein was extracted (3 extractions, each 
1 hr) by stirring with 1 0  volumes of cold potassium phos­
phate buffer (0.03 M ; pH 7.4) ; myofibrillar protein was 
extracted (4 extractions, each 2 hr) from the residue with 
1 0  volumes of cold potassium phosphate buffer ( 0 . 0 1  M ; 
pH 7.4) containing potassium iodide (1.1 M ). Soluble 
nonprotein nitrogen was obtained following precipitation 
of the proteins in the sarcoplasmic extract using an equal 
volume of ice-cold trichloroacetic acid ( 2 0 % w /v).

Chemical analysis

The total nitrogen contents of the muscle tissue and of 
the protein extracts were determined by macroKjeldahl 
analysis. Intramuscular fat was determined by soxhlet 
extraction of the dried tissue with petroleum ether for 6  hr.

RESULTS A N D  DISCUSSION
T h e  r e s u l t s  f o r  t h e  longissimus dorsi muscle are 

shown in Table 1. There were no significant differences 
between Landrace and Large White pigs either in the 
amounts of extractable sarcoplasmic and myofibrillar pro­
tein or in the soluble non-protein nitrogen and total nitro­
gen contents of the muscle. The small standard errors 
about the mean values in Table 1 indicate that muscle 
composition was markedly constant between individual 
animals.

Combining the figures for all pigs, the sarcoplasmic 
proteins constituted 30.4 ±  0.3%, the myofibrillar proteins
51.5 ±  0.5% of the total nitrogen of the muscle on a 
fat-free basis. The percentage of the total protein ex­
tracted was the same for Landrace and Large White pigs 
(92.9% and 93.2% respectively).

The relatively small standard errors in Table 1 suggest 
that the salt extraction technique used can give quite 
reproducible results. The extractions were carried out on 
duplicate samples of muscle; the precision of a single­
sample extraction was calculated from an analysis of 
variance. The error for single-sample extraction of the
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T a b l e  1. C o m p o s i t i o n  o f  p o r c in e  l o n g i s s i m u s  d o r s i  m u s c le .

M ean  values1 fo r : Soluble
non-protein

n itrogen
T o ta l

n itro g enB reed  o f p ig S arcop lasm M yofibrils

L a n d r a c e  ( 1 1 ) 2 11.2 ± 0 . 1 1 8 .7  ±  0 .2 4 .3  ±  0.1 3 6 .4  ±  0 .3

L a r g e  W h i t e  (1 1  p 11.0 ± 0 . 1 1 8 .9  ±  0 .2 4 .6  ±  0.1 3 6 .7  ±  0 .2

1 E x p r e s s e d  a s  m g  n i t r o g e n / 1  g  w e t  t i s s u e  o n  a  f a t - f r e e  b a s i s .
2 N u m b e r  o f  a n im a l s .

T a b l e  2. C o m p o s i t i o n  o f  p o r c in e  g a s t r o c n e m i u s  m u s c l e .

M ean  va lues1 fo r : Soluble
non-pro tein T o ta l

B reed  o f pig S arcop lasm M yofibrils n itrogen n itro g en

L a n d r a c e  ( 5 P 10 .5  ±  0 .2 18 .5  ±  0 .3 4 .0  ± 0 . 1 3 4 .8  ±  0 .3

L a r g e  W h i t e  ( 5 ) 2 10 .5  ±  0.1 1 8 .5  ±  0 .2 4 .0  ±  0 .2 3 5 .6  ±  0 .5

1 E x p r e s s e d  a s  m g  n i t r o g e n / 1  g  o f  w e t  t i s s u e  o n  a  f a t - f r e e  b a s is .
2 N u m b e r  o f  a n im a ls .

sarcoplasmic proteins was ±  0.3 mg/1 g tissue for both 
types of pig; the errors for the myofibrillar proteins were 
±  0.6 mg/1 g and 0.5 mg/1 g for Landrace and Large 
W hite pigs respectively.

The results for the gastrocnemius muscle are shown in 
Table 2. Breed of pig did not influence the quantities of 
sarcoplasmic and myofibrillar protein extracted from this 
muscle.

Sayre ct al. (1963) gave figures for the longissimus 
dorsi muscle of Poland China pigs. The muscle samples 
were taken immediately after death. The amounts of sarco­
plasmic protein varied between approximately 30% and 
34%, the myofibrillar protein between about 42% and 48% 
of the protein nitrogen (these figures are derived from 
the histograms which the authors employed to present 
their results).

In this study, the average values (22 pigs) for sarco­
plasmic and myofibrillar protein were, respectively, 34.6% 
and 58.6% of the protein nitrogen (as distinct from per­
cent of the total nitrogen, the form in which these figures 
have already been expressed above). The value for ex­
tractable myofibrillar protein is appreciably higher than 
that reported by Sayre et al. (1963). Borchert et al.
(1965) obtained low values for the extractable myofibrillar 
protein (33% of the protein nitrogen) of longissimus dorsi 
muscle excised at 15 min post-mortem: the value for the 
sarcoplasmic protein (also 33% of the protein nitrogen) 
was comparable to that found for the Landrace and Large 
W hite pigs.

This observation emphasizes that considerable variation 
can occur in the extractability of the muscle proteins. The 
breed of pig used by Borchert et al. was not specified but, 
since it was described as a genetic strain previously shown 
to have a high incidence of pale, soft, exudative muscle, 
it was presumably Poland China.

Sayre et al. (1966) found no difference in the amounts 
of sarcoplasmic and myofibrillar protein between Poland 
China and Chester White pigs of similar live-weight (about 
125 kg, i.e., heavier than the pigs used in this study). 
This comparison was apparently made because earlier re­
sults (Sayre et al.. 1963) had suggested that the former 
type of pig was much more likely to develop pale, soft, 
exudative muscle than the latter. The amount of sarco­
plasmic protein in the Poland China and Chester White

pigs (about 30% of the total nitrogen) was similar to that 
found here for the Landrace and Large White (30.4% of 
the total nitrogen) ; the amount of extractable myofibrillar 
protein was appreciably lower.

The average value for myofibrillar protein reported by 
Sayre et al. (1966) was about 40% ±  8 % of the total 
nitrogen (figure deduced from a histogram), while the 
corresponding average for Landrace and Large W hite was 
51.5% 0.5%. The Landrace and Large W hite pigs used
here were lighter than the pigs used by Sayre et al. (1966), 
but this is hardly likely to account for the difference in the 
quantities of myofibrillar protein because these authors 
showed that both the sarcoplasmic and myofibrillar protein 
content of Poland China longissimus dorsi muscle increased 
with increasing live-weight. The values for myofibrillar 
protein in the longissimus dorsi and in the gastrocnemius 
muscles of the Irish pigs were, however, close to that re­
ported by Dickerson et al. (1960) for thigh muscles of 
adult English pigs (19.9 mg N / l  g tissue).

The myofibrillar content of longissimus dorsi muscle of 
the Landrace and Large W hite pigs was remarkably con­
stant, as indicated by the relatively small standard error 
( ±  0.5%) about the average value. The larger standard 
errors shown in histogram form by Sayre et al. (1963), 
Borchert ct al. (1965) and Sayre ct al. (1966) suggest 
that the amount of myofibrillar protein extracted varied 
considerably between individual Poland China and Chester 
White pigs.

The quantity of sarcoplasmic protein extracted from 
pre-rigor longissimus dorsi muscle of Landrace and Large 
W hite pigs was similar to that extracted from Poland 
China and Chester White muscle by Sayre et al. (1963), 
Borchert et al. (1965) and Sayre ct al. (1966). More 
myofibrillar protein, however, was extracted from Lan­
drace and Large W hite muscle than from Poland China 
or Chester White.

The extraction techniques employed in these studies were 
similar in principle but the preparation of muscle tissue 
for extraction differed. In this work, the fresh tissue was 
placed in cold extracting solution immediately after exci­
sion, whereas the authors quoted above froze their materi­
als before extraction. The freezing in liquid nitrogen and 
the subsequent storage and treatment of the frozen tissues 
described by these authors seem unlikely to alter the
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properties of the myofibrillar proteins. On the other hand, 
if thaw-rigor occurred, with consequent strong contraction 
of the myofilamental proteins, it is possible that the solu­
bility of the myofibrils in solutions of high ionic strength 
might be reduced.

Aberle et al. ( 1966) observed that the solubility of beef 
myofibrillar protein in a potassium iodide (1.1 M ) and 
phosphate buffer (0.1 M ;  pH 7.4) mixture decreased 
initially after death, i.e., as the actin and myosin filaments 
slid together to give the weak, sustained contraction which 
is rigor.

Earlier workers (Deuticke, 1932; Weber et al., 1933) 
also observed a decrease in protein solubility as muscle 
went into rigor. Whole carcasses or large sections of meat 
can be frozen and thawed without thaw contracture occur­
ring because the rigid structure of the material prevents 
shortening of the muscle (M arsh ct al.. 1958). This is 
probably why Borchert et al. (1965) did not observe (as 
they themselves pointed out) any change in protein ex- 
tractability in the exposed ends of longissimus dorsi muscle 
which underwent thaw-rigor compared to central parts 
which only experienced accelerated cooling, when the lum­
bar sections of pig carcasses were immersed for short peri­
ods in liquid nitrogen. Small sections of isolated, frozen 
pre-rigor muscle would readily contract and shorten if any 
thawing occurred. However, it must be pointed out that 
Borchert et al. (1965) and Sayre et al. (1966) employed 
procedures specifically designed to prevent this happening.

In conclusion, the amounts of sarcoplasmic and myo­
fibrillar protein which were extracted from pre-rigor 
skeletal muscle of Landrace and Large White pigs does not 
appear to be related to the genetic background of the ani­
mals. The amount of sarcoplasmic protein which was 
extracted from the longissimus dorsi muscle of Landrace 
and Large White pigs was similar to that obtained by 
other workers from Poland China and Chester White 
muscle; the amount of myofibrillar protein extracted from 
the former breeds of pig was appreciably higher than from 
the latter.
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SUMMARY—Volatiles from the ¡uice of the American cran­
berry ( V a cc in iu m  m acrocarpon  Ait.) were investigated using 
gas chromatography, mass spectrometry and infrared spec­
trophotometry. Forty-two compounds comprising over 95% 
of the aroma complex were identified. These consist o f 14 
aromatic compounds, 7 terpenes, 9 aliphatic alcohols, 6 
aliphatic aldehydes and 6 other compounds including the 2 
acids, benzoic and 2-methylbutyric. The aromatic compounds 
(benzaldehyde, benzyl and benzoate esters) and the terpenes 
appear to be the major contributors to the aroma of cran­
berry juice. The remaining 5% of the aroma complex contains 
over 200 components. Although these compounds occur in 
very small concentrations, they appear to be important in 
the overall aroma.

IN T R O D U C T IO N

A t  the time the study was initiated , a review of the 
literature revealed no previous investigations of the vola­
tiles of the cranberry. The cranberry acids, benzoic, quinic, 
citric and malic have been characterized (Fellers et al.,
1955). Markley et al. (1934) , in an analysis of cranberry 
wax, found glycerides of linolenic, linoleic and oleic acid 
in addition to the hydrocarbons nonocosane and hentriacon- 
tane. Virtanen et al. (1955) found a number of keto and 
hydroxyketo acids in the cranberry. W u et al. (1956) 
isolated ursolic acid from this fruit, and Vahatalo et al.
(1957) found homoserine in cranberries. The above acids 
could be precursors of aroma components in the cranberry.

Most recently, Anjou et al. (1967a) have analyzed 
the volatiles of the lingonberry ( Vaccinium vitis-idaea L.) 
and the American cranberry ( Vaccinium macrocarpon 
A it.). In the former study, 74 compounds comprising 85% 
of the concentrate of volatiles were identified; in the latter 
study ( V . macrocarpon A it.), 8 8  compounds comprising 
82% of the concentrate were identified. The concentrates 
in both studies were obtained from the berry residue 
(press cake) remaining after the juice had been expressed.

The purpose of the present study was to identify the 
volatiles in the juice of the American cranberry.

E X PE R IM EN TA L

Reagents

Untreated cranberry juice was acquired from the Ocean 
Spray Co. at Hanson, Mass. This juice was obtained by 
thawing frozen berries (Howes and Early Blacks) then 
cold-pressing with a Willmuth Press at 84 p.s.i.

Reference compounds were obtained from commercial 
sources and purified by gas chromatography where neces­
sary.

Ethyl ether (analytical grade) was further purified by 
treating with 5% aqueous ferrous sulfate, followed by phase 
separation and redistillation.

Procedures

Concentration of volatiles. To minimize solvent impurity 
contribution, a continuous liquid-liquid extractor, similar to 
that described by Heinz et al. (1966) was utilized.

Approximately 38 1 of salt-saturated cranberry juice was 
passed through the extractor and extracted with 1.5 1 of 
ethyl ether. The ether phase was periodically collected 
from the extractor and further concentrated in a large 
fractional distillation apparatus consisting of a 75 cm X  3 
cm ID column packed with glass helices and fitted with a 
vacuum-jacketed a u to m a tic  vapor-splitting head, main­
tained at a 24:1 reflux ratio. Further ether stripping was 
carried out in a semi-micro fractional distillation apparatus 
consisting of a 30 cm X  1 cm ID  column packed with 
glass helices and operated at an 80:1 reflux ratio.

When the volume was reduced to 10 ml, the acidic com­
pounds were removed by repeated washing with sodium 
carbonate solution. The ether extract was dried over 
sodium sulfate, and further concentrated to a volume of 
0.3 ml in a cooled centrifuge tube under nitrogen. The 
concentrate was then refrigerated at — 15°C until used. 
This 0.3 ml concentrate represented 8  ppm of the original 
juice. Total volatiles (with acids) comprised 11 ppm of 
the juice.

To determine acidic compounds, the sodium carbonate 
extract was neutralized with dilute sulfuric acid and 
extracted with ethyl ether. Concentration was carried out 
in a manner similar to that employed for the acid-free 
extract. This concentrate was then refrigerated until used.

Gas chromatographic analysis. A Varian-Aerograph 
Model 1200 gas chromatograph with flame ionization de­
tector was utilized for separation and retention time analy­
sis. The following columns and parameters were employed:
(a) Column: 0.02 in. OD X  200 ft stainless steel capillary, 
coated with diethylene glycol succinate polyester (desig­
nated D E C S).

Injection block temperature : 235°C.
Helium flow ra te : 20 cc/min.
Temperature program: 10 min at 40°C, then 4°C/min 

to 170°C.
(b) Column : 0.2 in. OD X  200 ft stainless steel capillary, 
coated with Carbowax 20M (designated C W ).

Injection block temperature: 235°C.
Helium flow rate: 20 cc/min.
Temperature program: 6  min at 40°C, then 8 °C/min to 

200°C.
(c) Column: 0.01 in. OD X  150 ft stainless-steel capillary, 
coated with polypropylene glycol (designated P P G ).

Injection block tem perature: 235°C.
Helium flow ra te : 5 cc/min.
Temperature program : 3 min at 40°C, then 10°C/min 

to 100°C, then 6 °C/min to 150°C.
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Used in trapping fractions for infrared analysis was a 
Perkin-Elmer 800 gas chromatograph with flame ionization 
detector. The parameters employed with this system were 
as follows:

Column: j/g-in. OD X  6 -ft stainless steel. 8 % diethylene 
glycol succinate polyester with 2 % phosphoric acid on 80- 
to 100-mesh Chromasorb W.

Injection block temperature : 240°C.
Helium flow rate : 40 cc/min.
Temperature program: 10 min at 40°C, then 4°C/min 

to 170°C.
Detector-exit port split ration: 1:4.
Infrared analysis. Infrared spectra were recorded on a 

Perkin-Elmer 337 infrared spectrometer. Subfractions 
were collected from the Perkin-Elmer 800 by the method 
of Edwards ct al., (1965) and analyzed in chloroform using 
a “D” type sodium chloride cavity cell with 0.1-mm path 
(Connecticut Instrument Corp., Wilton, Conn.), or sodium 
chloride disk. Confirmation of unknowns was then made 
by comparison of spectra to those of authentic standards.

Mass spectral analysis. The effluent from the Varian 
Aerograph gas chromatograph was connected in tandem 
to a Hitachi Perkin-Elmer RM U-6 A mass spectrometer. 
Fifty percent of the column effluent was directed to the gas 
chromatograph flame ionization detector, and 50% was 
led via a 0.01 in. OD X  3 ft. stainless-steel heated line to 
a Biemann-type separator (W atson et al., 1964), thence 
to the mass spectrometer. This system employed both the 
flame ionization detector and total ion current monitor. 
The following parameters were employed with the mass 
spectrometer:

Ion source pressure: 5 X  10- 6  mm Hg
Connecting line temperature : 180°C
Biemann-separator tem perature: 180°C
Ion source temperature: 225°C

Electron energy : 70 eV
Ionization cu rren t: 60 ua
Scan: M /e 12-M /e 400 in 5 sec
Unknown compounds were identified by comparison of 

their spectra to published standards.

RESULTS A N D  DISCUSSION
A SEPARATION OF CRANBERRY JUICE VOLATILES on the 

capillary PPG  column is shown on a chromatogram in 
Fig. 1. The peak marked S is due mostly to solvent. Other 
more volatile compounds were, undoubtedly, masked by 
this peak, but no attempts were made to further examine 
these compounds.

Identication was carried out by mass spectrometry for 
all compounds successfully identified. When the concen­
tration of the component permitted, infrared spectra were 
recorded. The data obtained were checked for retention­
time agreement on the various columns. The compounds 
identified are presented in Table 1, in which the peak num­
bers refer to those in Fig. 1. Those compounds deriving, 
at least in part, from the solvent are annotated (s). A ( +  ) 
symbol in the retention time column indicates retention 
time agreement with an authentic sample on the designated 
column. A ( +  ) symbol in the mass spectra column indi­
cates mass spectral agreement with published spectra. A 
( +  ) symbol in the infrared spectra column indicates con­
firmation by comparison of spectrum to that of an authentic 
sample. Approximate percentages of compounds present 
are also indicated. Acidic compounds identified in the 
sodium carbonate extract are included at the end of the 
table.

Forty-two compounds comprising 95% of the volatile 
concentrate have been identified.

Table 1 shows that aromatic (benzenoid) compounds 
dominate the volatile aroma complex. Although such aro-

Fig. 1. Composite chromatogram of cranberry juice volatiles on a capillary column (PPG).
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matic compounds have occasionally been found in fruit— 
peaches (Sevenants et al., 1966; Jennings et al., 1964), 
black currants (Andersson et al., 1964, 1966), apples 
(Flath ct al., 1967), and strawberries (M cFadden et al.,
1965)— such a large number of volatile aromatic com­
pounds as found in the cranberry is unusual. As benzoic

acid and benzyl alcohol are significant components of the 
volatile complex, it is not surprising to find many esters of 
these compounds present.

Despite the abundance of benzyl alcohol and benzoic 
acid, they do not appear to be important contributors to 
the overall aroma. Benzyl alcohol is reported to have a

T a b l e  1. V o l a t i l e  c o m p o u n d s  i d e n t i f i e d  in  c r a n b e r r y  j u ic e .

Gas chromatography
PercentageofCompound Peak no. DECS c w PPG M.S. I.R. concentrate

A r o m a t i c

B e n z e n e  ( s ) 4 + + + , i
B e n z a ld e h y d e 18 + + + + + 9 .6
B e n z y l  e th y l  e t h e r 19 + + + 1.0
A c e to p h e n o n e 2 2 + + + + .8
M e t h y l  b e n z o a t e 23 + + + 1 .0
B e n z y l  f o r m a t e 2 4 + + + .7
E t h y l  b e n z o a te 2 8 + + + 1.0
B e n z y l  a c e t a t e 2 9 + + + .7
B e n z y l  a lc o h o l 31 + + + + 6 .0
2 - P h e n y l  e th a n o l 33 + + + 2 . 2

4 - M e t h o x y  b e n z a ld e h y d e 36 + + + .8
2 - H y d r o x y  d ip h e n y l 3 8 + + + 1.2
B e n z y l  b e n z o a te 3 9 + + + + 1 1 .9
D i b u t y l  p h t h a l a t e ( s ) 40 -1- + + + 1.1

T e r p e n e s

A lp h a - p i n e n e 9 + + + .1
B e t a - p in e n e 11 + + + .2
M y r c e n e 12 + + + . 2

L i m o n e n e 14 + + + + 1.1
L i n a l o o l 25 + + + .6
A l p h a - t e r p i n e o l 30 + + + 1 3 .0
N e r o l 3 4 + + 1.1

A l i p h a t i c  a lc o h o ls

2 - M e t h y l - 3 - b u t e n - 2 - o l 6 + + + .9
2 - P e n t a n o l 7 + + .8
P e n t a n o l 10 + + + .9
H e x a n o l 15 + + + .7
l - O c t e n - 3 - o l 20 + + .8
O c ta n o l 26 + + + 2 .3
N o n a n o l 3 2 + + + .8
D e e a n o l 35 + + + .7
O c ta d e c a n o l 3 7 + + + .8

A l i p h a t i c  a ld e h y d e s

A c e t a l d e h y d e  ( s ) 1 + + + .1
P e n t a n a l 5 + + + .2

H e x a n a l 8 + + + .8
O c ta n o l 17 + + + .9
N o n a n a l 21 + + + 1 .0
D e c a n a l 2 7 + + + .8

O t h e r  c o m p o u n d s
D ia c e ty l 2 + + .3
E t h y l  a c e t a t e 3 + + + .7
2 - F u r a l d e h y d e 13 + + .8
M e th y l  h e p a n o a te 16 + + + .6

A c id s
B e n z o ic  a c id + + + + 2 6 .6
2 - M e t h y l b u t y r i c  a c id + + + .3

T o t a l  9 5 .2

P r e s e n t e d  a t  a n n u a l  m e e t i n g  o f  t h e  I n s t i t u t e  o f  F o o d  T e c h n o o l g y ,  A p r i l  19 6 8 , P h i l a d e l p h i a ,  
P e n n s y l v a n i a .
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low specific odor intensity. Benzoic acid, although unim­
portant in the aroma of cranberries, probably contributes 
to the tart flavor. Many of the other aromatic compounds 
present, such as benzaldehyde, methoxy benzaldehyde, the 
benzoate and benzyl esters, have characteristic odors and 
higher odor intensities, and probably contribute signifi­
cantly to the total aroma. Benzene and dibutylphthalate 
could be found in blank runs through the system with 
purified ether.

Terpenes and their derivatives occur very widely in 
fruits. Because of their characteristic odors, these com­
pounds, particularly the alcohols, may be important in the 
flavor of cranberries. Alpha-terpineol, one of the four 
major components of the volatile extract, was found to 
dehydrate to limonene at high injection block tempera­
tures (above 250°C). Combination of alpha-terpineol de­
hydration and isomerization of the hydrocarbon formed 
can give rise to additional amounts of limonene, myrcene, 
alpha-pinene and beta-pinene. and for this reason gas chro­
matograph injection block temperatures below 250°C were 
employed. The thermal decomposition of terpene hydro­
carbons and alcohols has also been noted by von Svdow 
et al. (1963) and von Sydow (1963).

The aliphatic alcohols are also common constituents of 
fruit. The saturated alcohols are probably less important 
in cranberry aroma than the unsaturated compounds 
(2-methyl-3-buten-2-ol and l-octen-3-ol) w h ich  have 
higher specific odor intensities.

The six aliphatic aldehydes identified probably also con­
tribute to the aroma of cranberry juice. The possible 
formation of these compounds from fatty acids in the cran­
berry has been discussed by Anjou et al. (1967a). Acetal­
dehyde was found in the solvent, yet its location here does 
not necessarily exclude its natural occurrence, as it very 
commonly occurs in fruits and berries, and the amount 
found in the extract appears more than could be accounted 
for from solvent contribution.

The remaining compounds, diacetyl, ethyl acetate, methyl 
heptanoate and 2 -furaldehyde, have all been reported in 
one or more of the many fruits previously investigated. 
Some of these, particularly 2-furaldehyde, contribute to 
some extent to the aroma.

In the acid concentrate, benzoic acid and 2-methyl 
butyric acid were found; the concentration of benzoic 
being over 1 0 0  times greater than that of 2 -methvlbutyric.
2 -methylbutyric acid has been implicated as a primary com­
ponent in the aroma of lingonberries (Anjou et al., 1967a). 
In contrast to the lingonberry, the aroma concentrate of 
the American cranberry contained little 2-methylbutyric 
acid, which is in agreement with Anjou et al. (1967b). 
There was no apparent aroma difference between a total 
extract and an acid-free extract, discounting 2 -methylbu­
tyric acid as a primary aroma component of the American 
cranberry.

Anjou et al. (1967b) in their work on the “press cake” 
of the American cranberry ( V . macrocarpon Ait.) Early 
Black variety, have identified most of the above mentioned 
compounds in addition to many others. Identified in the

juice of the American cranberry, but apparently not present 
in the “press cake” are beta-pinene, methyl heptanoate, 
benzyl ethyl ether, benzyl acetate, octadecanol, and 4- 
methoxybenzaldehyde. The relative abundances of com­
pounds differed also in the two studies. These quantitative 
and qualitative differences can best be explained in terms 
of the portion of the berry extracted (juice vs. presscake), 
the different extraction and concentration techniques em­
ployed, the varietal difference in berries studied and the 
possibility of seasonal or locational variation.

An attempt was made to duplicate the aroma complex 
with proportional amounts of commercial reagents. Al­
though this synthetic mixture was somewhat reminiscent 
of cranberry juice, it lacked the delicate aroma of the 
natural extract and was easily distinguishable from it. 
This might indicate the importance to the aroma of the 
many compounds occurring in smaller quantity that re­
mained unidentified. Over 250 components were visible 
by gas chromatography, of which only the largest 42 peaks, 
comprising 95% of the extract, were identified.
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SUM M ARY—Proteins in milk, chocolate milk, evaporated milk, 
and ice cream containing added carrageenan were digested 
with papain at 7 0 °C  in the presence of 1.0 M  N aCI. The 
digest was adjusted to pH 8.0 to 8.5 with NaO H. Celite 
was added and the mixture filtered over glass wool. C ar­
rageenan in the filtrate was precipitated with cetyl pyri­
dinium chloride (C.P.C.) in the presence of 0.5 to 1 0 M  
KCI and Celite. The carrageenan-C.P. precipitate was washed 
with 0.1% C .P .C .-0.05 M  KCI until the filtrate was negative 
to the Benedict's test. Then, it was dissolved in 30% 
H2S O -1 and the carbohydrate content determined by the 
phenol-HsSCh method.

At concentrations of 0.01 to 0.2% carrageenan, average 
recoveries of 92 to 102% were obtained from milk. For 
chocolate milk, evaporated milk and ice cream, and at a 
level of 0.1% carrageenan, recoveries of 90, 94 and 96%, 
respectively, were obtained. Optimum conditions for the 
isolation of the carrageenan-cetyl pyridinium complex were 
established.

IN T R O D U C T IO N

S e v e r a l  m e t h o d s  a r e  a v a i l a b l e  for the isolation, iden­
tification and quantitative determination of carrageenan 
(Ew art ct al., 1952; Hansen et al., 1960; Graham et al., 
1962 ; Stoloff et al., 1964 ; Graham, 1966). However, be­
cause of the strong interaction of the hydrocolloid with 
proteins, the determination of this sulfated polyanionic 
phytocolloid in foodstuffs containing a high percentage of 
protein has been tedious.

Proteolytic enzymes such as papain, trypsin, pepsin or 
pancreatin have been used in the preliminary digestion of 
proteins in mixtures from which sulfated mucopolysaccha­
rides structurally related to carrageenan were subsequently 
isolated (Scott, 1960; Korn, 1959a, 1959b; Schiller et al.,
1961). In the isolation step, quaternary ammonium deter­
gents have been employed because they can selectively 
precipitate the sulfated polymers in the presence of salt 
solutions of fairly high molarity. The insolubility of the 
carrageenan cetyl pyridinium complex has been mentioned 
(Scott, 1956, 1960; Slack, 1958).

This paper reports efforts to determine carrageenan in 
some high protein food products using papain to digest 
the protein and subsequently determining the carrageenan 
in the digest after its precipitation with cetyl pyridinium 
chloride in the presence of relatively high salt concentra­
tions. Various factors which influence the proposed method 
were investigated and data are given on determination 
of carrageenan in the presence of other food gums.

E X PE R IM EN TA L
Materials

A 1% stock dispersion of carrageenan was dialyzed as 
outlined previously (Graham, 1960).

Buffer: 1.0 M  sodium acetate-acetic acid, pH 6.5.
Sulfuric acid: (Fisher Scientific Co. ) 95 to 98%, sp. gr. 

1.84.
Celite 535: (Johns-Manville Co., New York, N. Y.) 

This was washed with distilled water, 1% sodium acetate, 
sodium chloride (% saturated) and finally deionized water 
until the washings gave a negative phenol-HoSCL test.

Filtration column: The column, 18 mm in diameter and 
40 cm high, was made from borosilicate glass and was 
fitted with a stopcock. It was packed tightly with glass 
wool to a height of 10 cm. Filtration was done at the rate 
of 10 to 15 ml per min. The glass wool was washed 
consecutively with concentrated H 2 SCL, and deionized 
water until the washings gave a negative phenol-HoSCL 
test. After this, 25 ml of 0.1% C.P.C.-0.05 M  KCI was 
poured over it, with the stopcock closed. The column was 
soaked in this mixture for at least 30 min and was kept 
wet with this solution until ready for use.

Papain: This was obtained from the Mann research 
laboratories as a powdered concentrate assaying 72 milk­
clotting units per gram by the method of Balls et al.
(1937). Any other highly purified concentrate may be 
used.

Papain-EDTA-cysteinc hydrochloride mixture. Papain 
(20.0 g) , cysteine hydrochloride (1.0 g ), and EDTA (1.0 
g ), were dispersed in 250 ml of warm (70°C) acetate 
buffer (pH  6.5).

Equipment

Beckman DU-2 spectrophotometer or Bausch and Lomb 
Spectronic 20 spectrophotometer; pH meter, Beckman 
Zeromatic.

All glassware was washed thoroughly in water, soaked 
in dichromate-H 2 SC>4 cleaning solution, washed and finally 
rinsed with distilled water.

Procedure

Digestion of the protein with papain. Five g of milk or 
milk product was placed in a 250-ml centrifuge bottle and
1.25 to 10.0 mg of carrageenan, dispersed in distilled 
water, was added. Enough solid sodium chloride to pro­
vide a 1.0 M  solution was added and the total volume 
made up to 100 ml with distilled water. The mixture was 
shaken and heated for 10 min in a water bath (98 ±  1°C), 
cooled to 70°C and 5.0 ml of 1.0 M  sodium acetate-acetic 
acid buffer, pH 6.5 was added. The mixture was incubated
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at 70°C for 30 min and then 25 ml of the papain-EDTA- 
cysteine hydrochloride mixture was added. The centrifuge 
bottle was stoppered with a hard No. 6  rubber stopper, 
shaken well and the mixture incubated at 70°C for 16 hr. 
At the end of this period, 2.0 ml of 1.0 N  NaOH (or 
enough to adjust the pH of the mixture to 8.5), and 1.0 g 
of Celite 535 were added. The mixture was shaken well 
and filtered over glass wool. The residue was washed 3 
times with 1 0 -ml portions of distilled water, the washings 
collected and pooled with the filtrate in a 250-ml centrifuge 
bottle. The residue was discarded.

Precipitation of the carrageenan. To the filtrate con­
taining the carrageenan, enough solid KC1 was added to 
give a final concentration of 1.0 M, then 10 ml of a 1% 
solution of C.P.C. in water was added drop-wise, with 
constant shaking. The mixture was shaken well and incu­
bated for 30 min at 45°C. One g of Celite 535 was added, 
the mixture was shaken and incubated for another 1 0  min. 
At the end of this period, the mixture was centrifuged for 
10 min at 2,500 r.p.m. and the supernatant filtered over 
glass wool. The residue containing the carrageenan-C.P. 
precipitate was retained.

Removal of sugars from the carrageenan-C.P. precipi­
tate. The residue described above contains the carragee­
nan-C.P. complex adsorbed onto the Celite. Admixed with 
this are sugars and probably other water-soluble carbo­
hydrates contained in the product. In  order to free the 
precipitate of these interferences, the residue was washed 
three times with 15-ml portions of 0.1% C.P.C.—0.05% 
KC1 and centrifuged at 2,500 r.p.m. The supernatants 
were poured over the column of glass wool. The filtrate 
from the column was tested with the Benedict’s reagent 
and, if necessary, the washing was continued until a 
negative test was obtained. The washings were discarded.

Solution of the carrageenan-C.P. precipitate and deter­
mination of the carbohydrate content. To the sugar-free 
residue, 20 ml of 30% H 2 S 0 4 was added, the precipitate 
stirred with a glass rod and the mixture held for 1 0  min in 
a water bath at 80°C. The mixture was centrifuged for 
10 min at 2,500 r.p.m., the supernatant poured over the 
column of glass wool and the filtrate collected in a 50-ml 
glass-stoppered volumetric flask. The residue was washed 
twice more with 12-ml portions of hot (80°C) 30% 
PI2 SO 4 , centrifuged, filtered, and the washings also col­
lected. The filtrate and washings was made up to 50 ml 
with 30% H 0 SO 4 , mixed well, and a 2-ml portion used for 
determination of the carbohydrate content by the phenol- 
H 0 SO 4 method. The entire process is summarized in 
Table 1.

Phenol-H2SO,l test. The procedure used, outlined by 
Dubois et al. (1956), is as follows:

Two ml of the carrageenan suspension dispersed in 30% 
H 2 S 0 4  and containing 50 to 400 ^g of the phytocolloid 
was placed in a series of 30-ml borosilicate test tubes. One 
ml of a solution of 5% phenol in water was added and the 
tubes were shaken to mix the contents well. Five ml of 
concentrated H 2 S 0 4 were added rapidly from a burette, 
allowing the acid to fall directly into the center of the tube 
in order to obtain good mixing. The tubes were shaken 
and left at room temperature (28 to 30°C) for 10 min. 
At the end of this period, the tubes were held in a water

T a b l e  1. P r o c e d u r e  f o r  s e p a r a t i o n  a n d  d e t e r m i n a t i o n  o f  c a r r a g e e n a n .  
5 g  m i l k  ( o r  o t h e r  p r o d u c t )  in  2 5 0 - m l  c e n t r i f u g e  b o t t l e  c a r r a g e e ­
n a n  (TOO m l ) .

A d d  s o l id  N a C l  t o  1 .0  M: Mix ivell. H e a t  f o r  10  m in  a t  
1 0 0 ° C . C o o l  to  7 0 ° C .  A d d  5 m l o f  1 .0  M  a c e t a t e  b u f f e r  ( p H  
6 .5 ) .  I n c u b a t e  a t  7 0 ° C  f o r  30  m in .  A d d  p a p a i n - E D T A - c y s -  
t e in e  m i x t u r e .  I n c u b a t e  o v e r n i g h t .  A d d  N a O H  t o  p H  8 -8 .5 . 
A d d  1 .0  g  o f  C e l i t e  5 35 . F i l t e r  o v e r  g l a s s  w o o l .

t  1 .
F i l t r a t e  R e s id u e  ( d i s c a r d )

A d d  K C 1  t o  1.0  M.
A d d  C .P .C .  t o  e x c e s s .
S h a k e  w e l l .  I n c u b a t e  a t  4 5 ° C  f o r  3 0  m in .
A d d  1 g  o f  C e l i t e  5 35 .
S h a k e  w e l l  a n d  i n c u b a te  f o r  a n o t h e r  10 m in .  
C e n t r i f u g e  a t  2 ,5 0 0  r .p .m .  f o r  10  m in  a n d  f i l t e r  

e v e r  g l a s s  w o o l .

r -  1
F i l t r a t e  ( D i s c a r d )  R e s id u e

W a s h  3 x  w i t h  0 .1 %  C .P .C . - 0 .0 5 %  K C 1  
P o u r  o f f  w a s h i n g s  a n d  t e s t  w i th  
B e n e d ic t 's  r e a g e n t

r  1
R e s id u e  W a s h i n g s  ( D i s c a r d )

D i s s o lv e  w i t h  3 0 %  H =S O t  
H e a t  f o r  10 m in  a t  8 0 ° C  
F i l t e r  o v e r  g l a s s  w o o l

l  i
F i l t r a t e  ( T e s t  w i t h  P h e n o l - H 2H 0 4 r e a g e n t )  R e s id u e  ( D i s c a r d )

bath for 10 min at 28 ±  2°C. The color developed was 
measured at 490 /x against a reagent blank. This consti­
tuted the standard curve.

For the determination of carrageenan recovered from 
milk or other products, 2 . 0  ml of the filtrate (appropriately 
diluted, if necessary) were used and the procedure for 
color development was the same. The blank was treated 
in the same way as the samples.

V ariab les a ffe c tin g  th e  m ethod

Several factors may influence the isolation of carrageenan 
from any one of the products. These include the time of 
incubation with the papain, the amount of papain (of known 
activity) used, the pH  of the system, the temperature of 
incubation, the time of incubation during digestion of the 
proteins, the completeness of washing of the residue, the 
pH of the buffered system during digestion of the proteins, 
the protein content of the sample, the presence of salt in 
the digestion mixture, the presence of salt during precipi­
tation and the heating of the sample prior to the addition 
of the papain.

In order to assess the influence of these variables, a 
constant amount of milk (5.0 g) containing a constant 
amount of carrageenan (5.0 mg) was subjected to the 
general procedure while varying the above-mentioned fac­
tors one at a time (Table 2).

The optimum conditions for the variables were estab­
lished by determining the amount of carrageenan recovered. 
For the first seven variables, the completeness of digestion
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T a b l e  2. I n f lu e n c e  o f  v a r i a b l e s  o n  th e  d e t e r m i n a t i o n  o f  c a r r a g e e n a n  in  m i lk

Rangeinvestigated

Condition for reproducibility ValueorconditionselectedVariable investigated min. max.
F i n a l  c o n c e n t r a t i o n  o f  N a C l  a d d e d  ( M ) 0 .0  t o  1.5 0 .5 1.0 1.0
T i m e  o f  p r e - h e a t i n g  a t  9 9  ±  1 ° C  ( m i n )  

F i n a l  c o n c e n t r a t i o n  o f  b u f f e r  d u r i n g

0 .0  t o  3 0 5 .0 10.0 10 .0

in c u b a t io n  ( M ) 0 .0  t o  0 .5 0.1 0 .2 0 .2

p H  o f  b u f f e r e d  s y s t e m  d u r i n g  d ig e s t i o n 4 .0  t o  7 .0 6 .0 6 .5 6 .5

T e m p e r a t u r e  o f  i n c u b a t io n  ( ° C ) 4 0  t o  70 65 70 7 0 .0

T i m e  o f  i n c u b a t io n  a t  7 0 ° C  ( h r ) 1.0  t o  36 4 .0 ‘ 16 16 .0

A m o u n t  o f  p a p a i n  a d d e d  ( g ) 0 .0  t o  5 .0 1.5 2 .0 2 .0

F i n a l  a d j u s t e d  p H  o f  d i g e s t  

A m o u n t  o f  C e l i t e  a d d e d  b e f o r e  f i l t e r i n g

6 .5  t o  10 .0 8 .0 8 .5 8.5

o f f  c a r r a g e e n a n  ( g ) 0 .0  t o  2 .0 0 .5 1.0 1.0
F i n a l  c o n c e n t r a t i o n  o f  K C 1  a d d e d  (M) 0 .0  t o  2 .0 0 .5 1.0 1.0
A m o u n t  o f  C .P .C .  a d d e d  ( m g )  
A m o u n t  o f  C e l i t e  a d d e d  to

1 .0  t o  100 25 100 100

a d s o r b  p r e c i p i t a t e  ( g ) 0 .0  t o  2 .5 0 .7 5 1.0 1.0
T e m p e r a t u r e  o f  i n c u b a t i o n  ( ° C ) 2 8  to  60 3 7 45 3 7 .0

N u m b e r  o f  w a s h i n g s  o f  p r e c i p i t a t e 0 .0  t o  6 .0 T i l l  n e g a t i v e  to  

B e n e d i c t ’s t e s t

T i l l  n e g a t iv e  t o  

B e n e d ic t 's  t e s t

was also determined according to the method outlined by 
Moore et al. (1954) and employed by Hill et al. (1952).

Recovery o f carrageenan

After optimum conditions were established, the recovery 
of carrageenan from milk, various milk products and from 
milk to which other gums were added was attempted. The 
protein content of the various products was determined 
by the micro-Kjeldahl method as modified by Rao et al.
(1960). The conversion factor of 6.38 was used to convert 
nitrogen to protein. Recovery from milk (3.2% protein) 
was tested by adding varying levels of carrageenan ( 0  to
10.0 mg) to 5.0 g of milk (Table 3).

T a b l e  3. R e c o v e r y  o f  v a r i o u s  a m o u n t s  o f  c a r r a g e e n a n  f r o m  m i lk .

Milkadded Carrageenanadded
Carrageenan recovered Recovery(Average)Range Average 1

g mg mg mg %
5.0 0 . 0 0 0 .0 0 . 0 0 .0

5.0 1 0 . 0 0 9.6 -10.5 1 0 . 2 1 0 2 .0

5.0 5.00 4.6 -  5.3 4.9 98.0
5.0 1.50 2 . 2  -  2 .6 2.4 96.0
5.0 1.25 1.10- 1.24 1.15 92.0

1 A v e r a g e  o f  f iv e  d i f f e r e n t  t r i a l s .

Recovery from various milk products was tested by 
adding 5.0 mg of carrageenan to 5.0 g of each product 
(Table 4).

Recovery of carrageenan from milk in the presence of 
other hydrocolloids was tested by adding 5.0 mg of carra­
geenan to 5.0 g of milk (protein content, 3.38%) in the 
presence of 5.0 mg of each of the hydrocolloids listed in 
Table 5.

RESULTS AND DISCUSSION
P reliminary heating of the mixture of milk and 

carrageenan denatures the milk proteins, thus rendering 
them more susceptible to digestion by the papain (Scott,
1960). There might be considerable interaction between 
hydrocolloids like carragenan and papain, but, in the pres­
ence of relatively high concentrations of sodium chloride 
this does not occur (Scott, 1960).

Experiments in which the amount of added sodium 
chloride was varied within the limits indicated in Table 2, 
demonstrated that much better digestion was attained in 
the presence of at least 0.5 M  of the salt. The minimum 
time necessary for digestion of the milk proteins, under 
the conditions used, was 4 hr. However, under laboratory 
practices, it is quite convenient to incubate the mixture

T a b i c  4 . R e c o v e r y  o f  c a r r a g e e n a n  f r o m  v a r i o u s  p r o d u c t s .

Amount of product 
added

Carrageenanrecovered
Product content Range Average (Average)

M i l k  ( c o m m e r c i a l ,  h o m o g e n iz e d ,
g % m g m g %

a n d  p a s t e u r i z e d )

C h o c o l a t e  m i l k  ( 3 %  c h o c o l a t e  a d d e d

5 .0 3 .3 8 4 .6 -5 .3 4 .9 9 8 .0

to c o m m e r c i a l  m i l k ) 5 .0 3 .4 4 4 .2 -4 .Ó 4.5 9 0 .0

E v a p o r a t e d  m i l k  ( c o m m e r c i a l  b r a n d )  

I c e  c r e a m  ( c o m m e r c i a l ,

5 .0 7 .33 4 .5 -5 .1 4 .7 9 4 .0

v a n i l l a  f l a v o r ) 5 .0 3 .8 8 4 .5 —5.2 4 .8 9 6 .0

1 A v e r a g e  o f  f iv e  d i f f e r e n t  t r i a l s .
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T a b l e  5. R e c o v e r y  o f  c a r r a g e e n a n  f r o m  m i l k  in  t h e  p r e s e n c e  o f 
o t h e r  g u m s .

Milkadded

Carrageenanrecovered - Recovery (Average)Other gum added Range Average1

g m g m g m g %
5 .0 Q u in c e  s e e d  ( 5 ) 2 4.4—4.9 4 .7 9 4
5.0 S o d iu m  c a r b o x y m e t h y l  

c e l lu lo s e  ( 5 ) 4 .3 - 4 .8 4 .6 92

5.0 S t a r c h  ( s o l u b l e )  ( 5 ) 3 .5 -4 .2 3 .9 78

5 .0 P e c t i n  (5) 4 .4 -4 .9 4 .6 9 2
5 .0 L o c u s t  b e a n  g u m  ( 5 ) 4 .S -4 .8 4 .6 9 2
5.0 S o d iu m  a l g i n a t e  ( 5 ) 4 .4 - 4 .9 4 .6 9 2

1 A v e r a g e  o f  t h r e e  d i f f e r e n t  t r i a l s .  5 m g  o f  c a r r a g e e n a n  a d d e d  
in  e a c h  c a s e .

2 N u m b e r s  in  p a r e n t h e s e s  i n d i c a t e  a m o u n t  in  m i l l i g r a m s  o f  o t h e r  
g u m  a d d e d .

overnight (12 to 16 h r) . Therefore, an incubation time 
of 16 hr was used throughout the investigation.

The addition of sodium hydroxide after the incubation 
aids in the dissociation of any carrageenan-protein com­
plexes present in the mixture. Although the digestion of 
proteins by papain can occur over a wide pH range, a level 
of 6.5 was chosen since under this condition and at 70°C 
the probability of the hydrolysis of carrageenan was greatly 
minimized. Protein hydrolysis was more rapid at 70°C 
than at 40°C. It is known that with most substrates, papain 
exhibits its optimum activity at 60 to 70°C. Buffer 
strengths between the levels of 0.1 and 0.2 M  had no 
measurable influence on the degree of digestion of the milk 
proteins and, under the experimental conditions and for 
the papain sample used, less than 1.5 g led to reduced 
protein hydrolysis.

Celite added at this stage serves to adsorb proteins, pro­
tein degradation products and pigments and thus remove 
them from the bulk of the liquid containing the water- 
dispersible carrageenan.

Addition of 0.5 to 1.0 g of Celite prior to filtering off 
the carrageenan in suspension produced a clear filtrate. Use 
of less than 0.5 g resulted in a slightly colored filtrate 
due, probably, to the presence of protein degradation 
products and other materials in the digest. This was par­
ticularly true with chocolate milk. However, addition of 
more than 1.0 g of Celite led to reduced recoveries of carra­
geenan, due undoubtedly to the adsorption of some of the 
hydrocolloid by the Celite. This possibility has been 
pointed out by Scott (1960).

Addition of KC1 enhances the flocculation of carragee­
nan. Sodium chloride or other salts would suffice but KC1 
was chosen because it is known that the kappa fraction 
of the hydrocolloid is flocculated by this salt, hence the 
overall precipitation by the C.P.C.-KC1 mixture was 
potentiated. Though concentrations of less than 0.5 M  
will suffice, this minimum is recommended because under 
these conditions other hydrocolloids such as sodium algi­
nate, pectin and sodium carboxymethylcellulose will not 
be precipitated by C.P.C. At the maximum concentration 
of carrageenan used, 100 mg of C.P.C. was enough to 
provide an excess of the precipitant in the system and 0.75 
to 1.0 g of Celite allowed for rapid and complete sedimen­
tation of the precipitate.

Maximum precipitation, as indicated by recoveries using 
carrageenan in aqueous suspensions, occurred at 37 to 
45°C in concurrence with previous observations (Graham 
et al,, 1962). The number of washings of the precipitate 
necessary in order to remove extraneous carbohydrates 
differs from product to product. A negative Benedict’s test 
served as a useful end point. The phenol-HoSCL test was 
used also. However, when large amounts of water-soluble 
carbohydrates are present, the precipitate must be washed 
several times. Since this precipitate is not absolutely in­
soluble in water (Scott, 1960), the phenol-H 2 SO.t test, 
being extremely sensitive, may at times erroneously indicate 
incomplete washing. The use of a 0.1% C.P.C.-0.05 M  
KC1 solution for washing of the precipitate minimizes this 
possibility.

Good recoveries of carrageenan from milk were obtained 
(Tables 3 and 4). Recovery appeared to decrease as the 
concentration of added carrageenan decreased. Evaporated 
milk and chocolate milk gave lower recoveries (Table 4). 
In the latter product, the chocolate on being adsorbed to 
the Celite added before filtration of the carrageenan in sus­
pension, probably occluded some of the hydrocolloid, thus 
leading to a lowered recovery.

In the presence of other food gums, the recovery of 
carrageenan from milk was consistently lower than when 
the hydrocolloid alone was present. Lowest recovery was 
obtained in the presence of starch. In all cases, increased 
viscosity and probably some interaction between the other 
gums and carrageenan could have subscribed to the results 
obtained.

Experiments on the recovery of carrageenan from soups 
gave extremely low results. This might have been due to 
the large amount of starch in such products. If so, this is in 
accord with the low recoveries obtained in the presence of 
starch (Table 5). This difficulty could probably be over­
come by pre-digesting the mixture with amylase to degrade 
the starch. Cursory trials with beer gave average recoveries 
of 92 to 96% at levels of added carrageenan of 0.02 to 0.2% 
of the beer.

High results were obtained with the resorcinol, anthrone 
and Molisch methods due to interference from the C.P.C. 
and probably traces of proteins (enzymes) in the filtrate. 
The phenol-HaSCC method was suitable because neither 
proteins nor C.P.C. interfered. Attempts to further purify 
the filtrate with charcoal led to low results.

Good recovery of carrageenan from the products used 
depends greatly on the digestion of the proteins and the 
removal of degradation products and other colored mate­
rials such as those which are present in chocolate milk. 
After an incubation period of from 4 to 32 hr at 70° C, 
the mixture of milk and carrageenan gave no increased 
absorbance at 570 m/* (Moore et al., 1954, Hill et al., 
1962 ), indicating complete hydrolysis of the milk proteins.

As compared to milk, protein digestion in the other 
products was calculated to be: chocolate milk 91%, evapo­
rated milk 95%, ice cream 96%. In the presence of starch, 
the digestion of milk proteins was 84%, indicating some 
retardation of proteolysis which probably was partially con­
tributory to the lowered recovery in the presence of starch.

Trypsin, pepsin and pancreatin, or combinations thereof,
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gave much lower recoveries of carrageenan due to poor 
hydrolysis of the milk proteins.

The proposed method is highly specific because in the 
presence of 1.0 M  KC1, other common non-sulfated food 
gums will not be precipitated by C.P.C. However, its 
application to individual products should be preceded by a 
thorough investigation of all variables concerned since the 
recovery of carrageenan can be influenced by the quantity 
of one or more ingredients. Possible interference from 
other sulfated polysaccharides such as furcellaran should 
not be overlooked.
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Is t h e r e  a p la c e  o n  y o u r  m e m b e r s h ip  c a rd  
fo r  th e  b ig  “ P ” ?

□  A professional society has tw o major measures of worth: The num ber and 
quality standards of its professional members, and the service it gives to them . 
For the m om ent, let’s consider the first of these.

The Institute of Food Technologists IS nearly six thousand professional 
members, the other four thousand being m embers and student members. 

W hy should you— if you can— be a professional member?
The answ er to this question depends very much upon the reason why you 

are a m em ber to begin with. Do you have a real interest in your society . . . 
in your Regional Section . . .  in your profession?

If you do, and are by education and experience qualified, you should be 
a professional m em ber 

BECAUSE . . .
. . . only professional m em bers can vote and thereby help shape the policies 
and leadership of IFT
. . . only professional members can hold office in im portant IFT and 
Regional Section leadership, including the “ House of Representatives” 
(IFT’s Council)
. . . only professional m em bers can serve on the im portant Executive, 
Annual M eeting Program, and Qualifications Com m ittees of IFT.

IF YOU ARE a professional, you should w ant your society to be (if possible) 
100%  professional as well. In small measure, you qualified members of IFT 
and associate m em bers of our Regional Sections who are not professional 
m em bers can strengthen  the voice of IFT in your behalf by requesting and 
completing a “Change of S tatus” form from IFT Headquarters. It is the 
professional thing to do.
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W hiskey Composition: Identification of Components 
by Single-Pass G as Chromatography-M ass Spectrometry

SUM M ARY—A single-pass gas-liquid chromatography method 
is described for identifying compounds not reported pre­
viously in distilled alcoholic liquors. Water-free concentrates 
of ether-pentane extracts of the distillates were injected into a 
gas chromatographic column train and the column effluent 
transported to a mass spectrometer. Several hydrocarbons, 
and compounds apparently resulting from the reaction of 
acrolein with ethyl alcohol, were identified in the samples.

I N T R O D U C T IO N

G a s - l i q u i d  c h r o m a t o g r a p h y  (GLC) has been em­
ployed by numerous workers for the analysis of alcoholic 
beverages. Much work has been done on the GLC analysis 
of wines and beer. Recent work includes that of Webb 
ct al. (1961) ; Sihto et al. ( 1963), and Powell c t al. (1966). 
These products were shown to contain many volatile com­
pounds in addition to those found in whiskey. A few com­
pounds have been reported in distilled liquors which are 
not found in beer and wine.

Some studies have been made on the determination of 
low-boiling components (Austin ct al., 1960), esters of ali­
phatic acids (M artin ct al., 1964; Nvkanen c t al., 1963) 
and aromatic high-boiling aldehydes (Baldwin ct al., 1967) 
in whiskies. Most of the work has been directed toward 
the detection and determination of the components of fusel 
oil (Kamibayashi ct al., 1963; Brunelle, 1967; Kayahara 
c t al., 1964; Kabot e t al, 1962; Scott c t al., 1966; Singer,
1966). Recently, de Becze et al. (1967) detected 12 vola­
tile compounds commonly present in whiskies. Four sepa­
rate columns were required to resolve these compounds 
in four passes. Other workers (lac. c it.)  have determined 
fusel oil components, separated from each other to various 
degrees, on single or combination columns in a single pass.

We determine on a routine basis acetaldehyde, acetal 
and ethyl acetate, all of the common fusel oil components, 
and ethyl lactate in a single pass. The liquid phase of this 
column consists of glycerol and hexanetriol. Details of this 
method will be described in a future publication.

Although ethyl formate had been identified by several 
of the cited investigators, there is some question as to 
whether this compound was present in the samples being 
examined, or was formed by the interaction of ethyl alco­
hol with the Carbowax columns employed. Thus, Weur- 
man c t al. (1959) reported that formates are produced on 
polyethylene glycol (Carbowax) columns when alcohols 
are injected into them. To avoid this difficulty, Kieser et 
al. (1960) suggested that Carbowax be pretreated to 
remove formic acid.

The purpose of the present work was to devise a method 
for separating and detecting a wide variety of compounds

in distilled alcoholic beverages. A technique is described 
by which many components never before reported in whis­
kies have been detected and identified. By connecting two 
different columns in series, both polar and non-polar com­
pounds were separated in a single pass. Samples may be 
analyzed “as is” if the compounds are of sufficient concen­
tration to be sensed by the flame ionization detector. For 
compounds present in insufficient quantities, a concentra­
tion step was employed which also removes all of the water 
and most of the ethyl alcohol from the samples.

MA TERIALS  A N D  M E T H O D S
Equipment

A Varian Aerograph Model 1520 gas chromatograph, 
equipped with a hydrogen flame ionization detector 
(F .I.D .) was used in exploratory work for selection of 
columns and conditions. The thermal conductivity de­
tector (T.C .) of the same instrument was used for deter­
mining feasibility and parameters for analyzing the sepa­
rated peaks by mass spectrometry.

Many columns packed with various liquid phases were 
tried singly and in series to attempt to separate the many 
compounds present in the alcoholic distillates. Columns 
packed with the widely used liquid phases deposited on 
Chromosorb did not give the desired separation.

Tests were carried out on two less common liquid 
phases, Tergitol N PX  and Surfonic N-300, with the same 
results. A chance trial of two columns in series, the first 
one packed with 10% w/w Tergitol and the other with 10% 
w/w Surfonic (Applied Science Laboratories) yielded the 
desired separation. The liquid phases were deposited on 
100/120 mesh acid-washed Chromosorb W  and two 10-ft 
j/s-in. OD copper columns in series were used.

Operating conditions w ere: carrier gas, helium at 100 
lbs inlet pressure and flow of 38 ml per min. Column oven 
temperature was programmed from 60° to 135°C at 3° 
per min. Injector and detector temperatures were 165°. 
The T.C. detector with W X  filaments was operated at 
200 ma current. A 1 mv 1 second Westronics recorder 
was operated at a speed of 24 in. per hr. Two 10-ft %-in. 
columns in series packed with SE-30 on Chromosorb W 
were used for the reference side of the filaments.

Identification of compounds by mass spectrometry in­
volved the use of the same columns and conditions with an 
F and M Model 700 lab chromatograph connected to an 
Atlas CH-4 mass spectrometer equipped with an EC-1 
inlet valve for monitoring the chromatographic effluent. 
Fast-scan spectra were obtained using a Honeywell oscil­
lographic recorder.
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Samples

This work was initiated by the analysis of a vent con­
densate (see Sample A) believed to contain a higher 
concentration of the more volatile components of whiskey 
and other compounds which are not condensed in whiskey 
manufacture. When some of these same compounds were 
also found in a typical unaged Bourbon (see Sample B ), 
it was decided to investigate what compounds are present 
in some Bourbon and Canadian whiskies.

Sample A  was an ether-pentane extract of a condensate 
obtained by chilling the vapors from the vent of a conven­
tional beer still. The condensation was achieved by pass­
ing the vent vapors through a stainless steel coil immersed 
in an ice and salt bath. This condensate contained a higher 
percentage of the more volatile components than does the 
regular beer still product. The alcohol concentration, as 
determined by a hydrometer, was 184° proof or 92% by 
volume (Fig. 1).

Sample B was an ether-pentane extract of a typical 
unaged Bourbon whiskey, and serves as a control for 
Sample A. Unaged whiskey is prepared by redistilling 
the beer still product without rectification in a simple still 
called a doubler (Fig. 2).

Sample C was an ether-pentane extract of a typical 
Bourbon whiskey. It was aged four years in the conven­
tional manner in new charred white-oak barrels (Fig. 3).

Sample D was an ether-pentane extract of a 3-year-old 
Bourbon whiskey which initially had an acrolein content 
of approximately 10 g per 100 1 at 100° proof. (Fig. 4).

Sample E  was an ether-pentane extract of a low-boiling 
fraction, or heads cut, distilled from a Canadian beer still 
product which contained acrolein (Fig. 5).

Sample F  was the same product as Sample E analyzed 
“as is” (Fig. 6 ).

Sample G was an ether-pentane extract of Canadian 
unaged whiskey which contained acrolein (Fig. 7).

Sample preparation and analysis

Samples were extracted by a modification of the method 
of Mecke et at. (1959). Since the alcohol content of the 
samples did not permit formation of two layers upon addi­
tion of ether, 250 ml water was added to 350 ml of each

Fiy. 1. Chromatogram of ether-pcntanc extract of a vent con­densate (Sample A ).

sample to reduce the concentration of alcohol. One hun­
dred ml of ether-pentane ( 2 : 1 ) was added for the first 
extraction and to allow for ether saturation of the alcohol- 
water layer. The ether-pentane extraction was repeated 
twice again with 50-rnl portions.

The combined ether-pentane solutions were shaken three 
times with 15-ml portions each of water to remove ethyl 
alcohol. After drying over anhydrous sodium sulfate, most 
of the ether-pentane solution was evaporated under reduced

Fig. 2. Chromatogram of ether-pentane extract of a typical 
imaged Bourbon whiskey (Sample B).

Fig. 3. Chromatogram of ether-pentane extract of a typical 4-yr- old Bourbon (Sample C).

Fig. 4.  Chromatogram of ether-pentane extract o f  a 3 - y r - o l d  
Bourbon ivhich initially contained acrolein (Sample D ).
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Fig. 5. Chromatogram of ether-pentane extract of heads cut front 
unaged Canadian U’hiskey (Sample E).

Fig. 6. Chromatogram of heads cut from imaged Canadian 
whiskey analyzed “as is" (Sample F).

¿0

pressure without heating. The concentrates were stored 
under nitrogen in vials with tinfoil lined caps. Sample 
sizes used were 3 /d for the F ID  and 6  /d for the TC 
detector.

To insure that no contaminants such as hydrocarbons 
were present in the solvents, and thus erroneously detected 
in the samples, a large volume of an ether-pentane mixture 
was evaporated and concentrated as described above and 
the concentrate run on the same combination of columns. 
No contaminants of any kind were found.

Extracts were prepared of all samples except “F ” which 
was analyzed “as is” in order to determine what low- 
boiling compounds, normally masked by the ether-pentane 
solvent peaks, are present. The analysis of Sample F  was 
done in the usual manner except that the column was 
disconnected from the T. C. detector just as the ethyl 
alcohol peak appeared. Fig. 6  shows the partial chromato­
gram of Sample F using the flame ionization detector.

Compounds such as 1,1-diethoxypropane and 1,1 -di­
ethoxy - 2  -methyl-propane, which are not commercially 
available, were synthesized in the laboratory. The mass 
spectra of these laboratory preparations were compared 
with those of the suspected compounds in the samples in 
order to confirm their identification.

RESULTS A N D  DISCUSSION
T h e  t e c h n iq u e , a s  d e s c r ib e d , allows the detection of 

approximately 50 compounds in alcoholic distillates. Of 
these compounds, the identities of 35 have been confirmed 
by the comparison of their mass spectra and GLC reten­
tion times with those of authentic samples. Two additional 
compounds have been identified tentatively. Sixteen of 
the positively identified compounds have not been reported 
previously in whiskey (Table 1).

Unavoidably, some GLC peaks consisted of mixtures 
of compounds, as determined by their mass spectra, and 
some of these peaks could not be identified. It is antici­
pated that by varying the parameters of the chromato­
graphic separation, additional compounds can be separated 
from peaks which represent mixtures.

In the concentration step involving the evaporation of 
the solvents, some low-boiling compounds may be lost along 
with the ether and pentane. Small quantities of ethyl 
methyl sulfide, acetal, isobutyl alcohol, C3  alcohols and 
larger quantities of ethyl alcohol and ethyl acetate were 
found in a dry ice trap used for Sample C.

Table 1 shows the compounds which have been con­
firmed as well as those which have been identified tenta­
tively. It must be cautioned that even though any number 
of these compounds appear in the vent condensate or any 
other sample tested, it can not necessarily be assumed that 
each and every compound tabulated will be present in any 
one or all imaged or aged whiskies.

Although the presence of hydrocarbons such as benzene, 
heptane, toluene, 2 -pinene and styrene was unexpected, 
these compounds have been identified in extracts of various 
fruits. (Nursten et a l, 1967.) No contaminants were 
found in the solvents. Since all samples were treated 
alike, contamination in procedure or equipment would have
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T a b l e  1. I d e n t i f i c a t i o n  o f  c o m p o u n d s in  s a m p l e s a n d  k e y  to  p e a k s  in f ig u r e s .

Sam ples**

A B C D E  F G

P e a k E x t r a c t  “ a s  i s ”

1 C a r b o n  b i s u l f id e  ( T e n t . ) X X

2 U n k n o w n X X

3 A c e ta ld e h y d e X

4 * H e p t a n e X

S P r o p i o n a l d é h y d e X X

6 I s o b u t y r a l d é h y d e X

7 E t h y l  f o r m a t e X

8 A c r o l e i n X X

9 * E t h y l  m e th y l  s u l f id e X X X X X X

10 E t h y l  a lc o h o l X X X X X X

11 E t h y l  a c e t a t e X X X X X X

12 * 2 - B u ta n o n e X

13 A c e ta l X X X X X X

14 ♦ B e n z e n e X X X

IS E t h y l  p r o p io n a t e X X X X X

16 n - P r o p y l  a lc o h o l X X X X X X

17 s e c . - B u t y l  a lc o h o l X X

18 ♦ 2 - P e n t a n o n e X

19 ♦ 1 ,1 - D i e t h o x y p r o p a n e X X X

20 * l - E t h o x y - l - p r o p o x y e t h a n e X

21 * 1,1 - D ie t h o x y - 2 - p r o p e n e X X

22 * l , l - D i e t h o x y - 2 - m e t h y l p r o p a n e X

23 I s o b u t y l  a lc o h o l X X X X X X

2 4 ♦ T o lu e n e X

25 E t h y l  b u t y r a t e X X X

2 6 1 - B u ta n o l X X X X X

27 * 2 - P in e n e X

28 I s o p e n t y l  a c e t a t e X X X X X X

29 I s o p e n t y l  a lc o h o l X X X X X X

30 2 - M e t h y l  b u t a n o l X X X X X X
31 * 3 - E t h o x y  p r o p io n a ld é h y d e X X X
32 ♦ T r i e t h y l  o r t h o f o r m a t e  ( T e n t . ) X X
33 ♦ S t y r e n e X X X X
34 E t h y l  h e x a n o a t e X X X X X

35 ♦ E t h y l  3 - e th o x y p r o p i o n a t e X
3 6 ♦ 1 ,1 ,3 - T  r i e t h o x y  p r o p a n e X X X X
37 2 - F u r a l d e h y d e X X
3 8 E t h y l  o c t a n o a t e X X X X X X
U U n id e n t i f i e d  c o m p o u n d

* C o m p o u n d  n o t  p r e v i o u s l y  r e p o r t e d  in  w h is k e y .  
*♦  S e e  t e x t  f o r  d e s c r i p t i o n  o f  s a m p le s .

resulted in the detection of some of the hydrocarbons in 
all of the samples. This was not the case. Finding these 
hydrocarbons in trace quantities in distilled liquors remains 
unexplained even though positive identifications were made. 
Unidentified hydrocarbons were reported in grain spirits 
by Austin et a l (1960). The number of acetals and esters 
found was not surprising as aldehydes, alcohols, and acids 
are always present in whiskey.

A most interesting and novel result of this work is the 
finding of compounds related to acrolein. This aldehyde 
which has a pungent odor and lachrymatory property, is 
responsible for the “peppery” smell rarely found in dis­
tilled liquors (Mills et al, 1954 and Serjak et al, 1954). 
Determinations in this laboratory by the method of Circle 
et a l (1945) have shown that the acrolein content of pep­
pery whiskey decreases over a 2 to 3-year aging period. 
The fate of the acrolein was not known.

Acrolein can react with ethyl alcohol to form several 
products as illustrated below:

(a) 1 , 1 -diethoxy-2 -propene by acetal formation with 
acrolein:
CH 2 =  CH -  CHO +  2 Q .H 5 OH ->

CH 2  =  C H C H (O C 2 H 5 ) 2  +  h 2o
(b) 3-ethoxypropionaldehyde by addition of ethyl alco­

hol to the vinyl double bond of acrolein:
CH 2 =  CH -  CHO +  C2 H 5OH -»

C2 H 5 O C H 2 CH 2  -  CHO
(c) 1,1,3-triethoxypropane by acetal formation with the 

intermediate 3-ethoxypropionaldehyde: 
C2 H ,O C H 2 CH2CHO +  2C2 H r,O II -»

C2 H 3 OCH 2 CH 2 C H (O C 2 H 5 ) 2 +  HoO
The above products have been prepared and studied by 
Smith (1962) and the Shell Chemical Corporation (1959).
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All three of the reaction products of acrolein with ethyl 
alcohol were found in one or more of the samples analyzed. 
The final reaction product of acrolein and ethyl alcohol,
1,1,3-triethoxypropane, does not have the unpleasant odor 
nor the lachrymatory effect of acrolein. Ethyl 3-ethoxy- 
propionate was found in Sample D. This compound may 
be derived from 3-ethoxypropionaldehyde, by oxidation and 
esterification (Smith, 1962). To our knowledge, none of 
these compounds have been identified or reported in unaged 
or aged whiskey, or in any other naturally occurring 
product.

The occurrence of 1,1,3-triethoxypropane in the vent 
condensate from a typical acrolein-free beer still product 
was not expected. Acrolein is produced by the action of 
bacteria on the glycerol formed as a by-product of yeast 
metabolism. Acrolein-producing bacteria occur naturally 
in most corn, rye and barley malt grains and are found in 
small numbers in many alcoholic fermentations of malt- 
converted distillery mashes. Since acrolein-producing bac­
teria require rather exacting conditions for the production 
of acrolein, detectable amounts of the compound are seldom 
found under normal conditions in distillates from grain 
mashes (Mills et a!., 1954). The occurrence of 1,1,3-tri­
ethoxypropane and the absence of detectable acrolein sug­
gests that the former is an immediate reaction product of 
the latter with ethyl alcohol during the fermentation or in 
subsequent distillation.

No conclusive evidence of the actual reaction mecha­
nisms of acrolein with ethyl alcohol in fermentation 
products has been found. It is postulated, however, that 
the reactions, as described by Smith (1962), do proceed 
in a similar manner in distilled liquors because the same 
reaction products were found and proper pH conditions 
were present.

Ethyl lactate, acetone and other compounds thought to 
be present in most of the samples analyzed would not be 
detected by our technique. Their peaks would either be 
masked by other components or would be too polar to be 
extracted from the ethanolic-aqueous layer by ether- 
pentane.

Carbon bisulfide was identified tentatively by its mass 
spectrum. It was eluted just after pentane near unidenti­
fied compound 2 using the E and M chromatograph. How­
ever, the same columns in the Varian chromatograph 
resolved no peaks in the area just following pentane. Since 
the figures were derived from the latter instrument they 
do not show peaks 1 and 2 .

The compound triethyl orthoformate was positively 
identified in several samples by its mass spectrum; how­
ever, the retention time of the authentic material’s peak 
is somewhat shorter than that of the peak identified by 
GLC-MS as triethyl orthoformate. Possibly the presence 
of large quantities of pentyl alcohols interferes with proper 
matching of retention times. It is feasible that peak “U ” 
just before peak “9” in Fig. 7 is, in fact, acrolein. Even 
though this peak could not be identified by the mass spec­
trometer, its retention time coincides with that of acrolein.

I t is difficult to draw a correlation between aroma and 
the detected compounds. It is not known, for example, 
what effect trace quantities of ethyl methyl sulfide would

have on the sample. It is possible that compounds repre­
sented by some of the many still unidentified peaks may 
have a significant influence on the aroma and flavor of 
the samples.
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Peanut Alcohol D ehydrogenase. 2. Physico-Chemical and Kinetic Properties

SUM M ARY—Some of the physical, chemical, and kinetic prop­
erties of peanut alcohol dehydrogenase have been investi­
gated. A molecular weight of 112,000 and a sedimentation 
coefficient of 5.46 S were obtained in aqueous salt solutions.
The enzyme preparation contained 1.5 g-atoms of Zn per 
mole of enzyme and was inactivated by 1,10-phenanthroline, 
EDTA, 8-hydroxyquinoline-5-sulfonic acid, and iodoacetate. 
Comparison of the peanut enzyme kinetic properties with 
those of yecst and liver alcohol dehydrogenases indicated 
generally a greater similarity to the yeast enzyme.

IN T R O D U C T IO N

In Pattee et al. (1968) the isolation and purification of
alcohol dehydrogenase (alcohol :NAD+ oxidoreductase, EC
1.1.1.1) from peanut kernels (Arachis hypocjea var. N.C.
2 ) was reported.

The high degree of purification attained provides the 
first opportunity to compare the properties of the alcohol 
dehydrogenases as obtained from single celled organisms, 
mammals, and higher plants. The present communication 
reports some of the phvsiochemical and kinetic properties 
of the peanut alcohol dehydrogenase. The peanut enzyme, 
although distinctly different from both the yeast and 
mammalian enzymes, has some properties in common with 
each of these.

E X PE R IM EN TA L
Chemicals

l ire  enzyme was prepared by the procedure of Pattee 
iff al. (1968). The purified protein was precipitated with 
ammonium sulfate, and the experiments were performed 
on dialysed solutions within several days of the initial 
isolation. The ammonium sulfate was a special grade, 
low in metal ion impurities, obtained from Mann Research 
Laboratories. Solutions containing NAD+, NADP, and 
NADIT, obtained from Calbiochem, were prepared just

" D e p a r t m e n t  o f  F o o d  S c ie n c e .  
h U . S . D e p a r t m e n t  o f  A g r i c u l t u r e ,  A R S ,  M Q R D .

before use. Dialysis tubing (Visking Company) was 
cleaned (Hughes cl al.. 1956), and thoroughly rinsed 
with deionized distilled water before use. The water was 
distilled over glass and passed through a mixed-bed resin 
(Rexyn 1-300). All other reagents and buffer chemicals 
were analytical grade and used without further purification.

Physical methods

Analytical sedimentation experiments were performed 
in a Beckman Spinco Model E Analytical Ultracentrifuge 
which was equipped with a phase plate for schlieren optics 
and a rotor temperature-control unit. The schlieren dia­
grams were photographed on nietallographic plates (K o­
dak) and distances were measured with a Bausch and 
Lomb microcomparator.

A Gelman Rapid Electrophoresis Apparatus was used 
to observe the zone electrophoretic properties. Cellulose 
acetate strips (Sepraphore I I I )  were used for the solid 
support media. The total protein was stained with Amido 
Black 10B or Ponceau S.

Measurements of pH were obtained with a Radiometer 
PH M 25, equipped with a scale expander, using a G202B 
glass electrode or a GK2641 C combined electrode. The 
isoionic pH of the protein was determined by using the 
combination electrode to monitor the pH of the effluent 
from a column of Bio-Rad AG-501-X8 mixed-bed resin 
to which 20 mg of the enzyme was applied. The reliability 
of the method was first confirmed by studies on crystalline 
ovalbumin (Sigma Chemical Company).

The initial rate kinetics were obtained by spectrophoto- 
metrically observing the appearance or disappearance of 
NADIT in 3 ml of reaction mixture at 23°C (Racker,
1950). The reaction was initiated by the addition of 0.1 
nil of enzyme solution to the substrate solution containing 
0.015M pyrophosphate buffer, pH 8.5. Enzyme concen­
trations were chosen to be within the range of linear rate 
dependence. Absorbance readings at 340 ni/x were made 
at 15-sec intervals for several minutes. Generally the 15-
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sec and 45-sec readings were used together with the molar 
extinction coefficient for NAD H (Theorell et al. 1951) 
to calculate the change in NAD H concentration per unit 
time. Absorbances were determined using a Beckman DU 
spectrophotometer equipped with a Gilford Adaptor for 
digital read-out.

The specific activity of the preparations was assayed at 
room temperature by the above procedure using a reaction 
medium containing 0.1 M  ethanol, 0.5mM NAIT, and 
0.014/ pyrophosphate buffer (pH  8.5).

Protein concentration was determined by the method 
of Lowry et al. (1951), using crystalline bovine plasma 
albumin as a standard. The experimentally determined 
extinction coefficient was used to measure the protein con­
centration of solutions of purified preparations.

A Cary Model 15 recording spectrophotometer was 
utilized to study the ultraviolet absorption characteristics 
of the purified enzyme.

RESULTS A N D  DISCUSSION
Physical properties

The protein from the central zone of enzymatic activity 
resulting from the second elution from Sephadex G-150 
was used for these studies. These preparations were 
shown to be homogeneous with regard to molecular 
weight. Velocity sedimentation demonstrated a single 
boundary, which sedimented at a rate given by the relation

l / s 2(„w =  0.183 (1 +  0.0414C ) X 1018

where C is the concentration in mg/ml. These data, ob­
tained in phosphate buffer (pH  6.60), are shown in Fig. 1. 
The value calculated for the sedimentation coefficient at 
zero protein concentration, s°2 o,w. was 5.46S.

Weight homogeneity was demonstrated further by the 
linearity of equilibrium sedimentation data plotted accord­
ing to the method of Van Holde et al. (1958) (Fig. 2). 
Also, as shown in Fig. 3, the schlieren curve at equilibrium

f ig . 1. Concentration dependence of the sedimentation coefficient 
for peanut alcohol dehydrogenase. The data it 'ere obtained for the 
enzyme in 0.1 M phosphate buffer (pH 6.60) containing 0.4M NaCl. 
0.01M cysteine and O.OOlfsi 2-mercaptocthanol. Sedimentation was 
observed at 19°C at a rotor speed of 59,780 rpm.

4.0

Tig. 2. Van Holdc-Baldwin plot for the schlieren data■ of a 
peanut alcohol dehydrogenase solution after attainment of equilib­rium at 7.0° C using a rotor speed of 9.341 rpm. The protein was 
dissolved to a concentration of 10 mg/ml in 0.1 M phosphate buffer 
(pH 6.98) containing 0.4M NaCl, 0.01 M cysteine, and 0.001M 
2-mercaptocthanol.

does not reveal any abrupt curvature near the bottom of 
the solution column as should be the case for significant
weight heterogeneity. The apparent weight average mo­
lecular weight calculated from this equilibrium experiment 
at a protein concentration of about 1 0  mg/ml in phosphate 
buffer, pH 6.98, was 112,000.

The absorption spectrum of the enzyme showed a peak 
at 278 my.. No absorption was observed above 300 mg.

f ig . 3. Photograph of the equilibrium schlieren diagram for pea­
nut alcohol dehydrogenase. The experiment was performed at 7°C 
using a protein concentration of 10 mg/ml in 0.1 M phosphate buffer 
t p/ i  6.98). containing 0.411 NaCl. 0.01 M cysteine, and 0.001 M 2- 
mcrcaptoethanol. The photograph was taken after 24 hr at a rotor 
speed of l>S4t rpm using a phase plate angle of 70 degrees. Fluoro­
carbon oil. PC 43. was used to form a false bottom for the solution 
and solvent in a Kcl f  double sector centerpiece.
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indicating the absence of reduced coenzyme. Also the 
A 2 8 i)/A2eo ratio, 1.7, suggested the absence of nucleotides 
in these preparations. The extinction coefficient, 
at 278 m/x was calculated to be 0.64. Protein concentration 
was determined by drying aliquots of both the solution and 
the solvent to constant weight in vacuo over P 2 Os at 105°.

Electrophoretic analyses, both zonal and free boundary, 
have indicated that the preparations are essentially electro- 
phoreticallv homogeneous. Cellulose acetate electrophore- 
tograms of the protein in 0.05 ionic strength phosphate 
buffer, pH 5.46, 6.04, 6.46, 6.99, and 7.52 and in 0.03 ionic 
strength barbital-acetate buffer, pH 7.07, 7.99 and 9.03, 
have generally shown one anodal band. In some instances 
heterogeneity was suggested, especially if the preparation 
included a larger fraction of the peak from Sephadex G-150 
(Pattee et a!., 1968). One electrophoretogram obtained in 
a Tris-barbital buffer. pH 8 .8 , displayed 3 or 4 bands. 
However this may have been caused by metallic ion im­
purities in the Tris (W atts et al., 1962). The present 
observation of a single anodal band for peanut alcohol de­
hydrogenase even at pH 5.46 indicates the binding of buffer 
ions since the observed isoionic point was 6.3. In fact, as 
the pH approached 9 there appeared to be an increase in 
the cathodal movement that might be attributed to a change 
in ion binding.

A number of bands have been observed on the zonal 
electrophoretograms of both liver and yeast alcohol dehy­
drogenase. For example, McKinley-McKee et al. (1965) 
observed four cathodal bands upon electrophoresis of the 
horse liver enzyme in phosphate buffer, pPI 7.1. They 
attributed the cathodal movement to electroendosmosis and 
the multiple banding to differences in coenzyme binding. 
However, Pietruszko et al. (1966) have found five catho­
dal bands by cellulose acetate electrophoresis in Tris buffer, 
pH 8.5, which they interpreted to represent different horse 
liver enzymes. The cathodal movement at this high pH is 
rather surprising in view of the reported isoelectric point. 
The number of anodal bands observed in starch-gel electro­
phoresis of the yeast enzyme decreased from eighteen to 
essentially one when the buffer system (phosphate, pH
7.5 and Tris-citrate buffer, pH 8.9) was treated to remove 
metal ion impurities (W atts ct al., 1962 ).

The electrophoretic mobility of peanut alcohol dehydro­
genase in 0.1M phosphate buffer, pH 7.31 was determined 
from the descending boundary to be —0.68 X 1CP5  

cm3 V_ 1  (Pattee ct al.. 1968). This value is consistent with 
the isoionic pH of about 6.3 obtained by passing the protein 
over a column of mixed-bed resin in the H, OH form. 
Von W artburg ct al. (1964) have reported a mobility of 
—0.80 X 1CL” cm2 W 1 sec 1 for the human liver enzyme in 
phosphate buffer, pH 7.4. An iso-electric point of 6 . 8  has 
been reported by Dalziel (1958) for horse liver alcohol 
dehydrogenase at 0.1 ionic strength. However, the enzyme 
isolated from yeast was reported to have an isoelectric point 
of 5.4 (Hayes et al., 1954).

Some of the physical properties of the peanut enzyme 
are compared with those of the liver and yeast enzymes in 
Table 1. Idle molecular size, as indicated by equilibrium 
molecular weight studies and the values of the sedimenta­
tion coefficients, is intermediate between those of the other 
enzymes. Based on a molecular weight of 112,000, the

T a b le  1. So m e ph ysical p rop erties of a lcoh ol dehydrogenases.

Property Peanut Liver Yeast

Mw 112,000 83 ,300 ’ ; 87,000= <_rt O © o o

Sko.w 5 .46S 5.1 I S 1 ; 4 ,8 0 S= 6 .7 2 S 3
p i  m g /ml

1 c m .  278 n if i 0.64 0 .4554 1.263
2 n i - » t o m s / m o l e 1.5 2 .22, 4 .25 ( 3 .3 -4 .7 )  4 .16

1 E h re n b e rg  ct a l.  (1 9 5 8 ) .
2 V a lu e  fo r hum an L A D H , V o n  W a rtb u rg  ct al. ( 1 9 6 4 ) .
3 H ay es et at. ( 1 9 5 6 ).
4 T h e o r e l l  ct al. ( 1 9 5 1 ) .
5 A keson ( 1 9 6 4 ) .
8 V a lle e  et a l. ( 1 9 5 5 ) .

zinc content of purified peanut alcohol dehydrogenase was 
at least 1.5 g-atoms/mole (Pattee et al., 1968). This value 
is only slightly lower than that reported for the human liver 
enzyme by Von W artburg ct al. (1964) and that found for 
crystalline horse liver alcohol d e h y d ro g e n a se  (1.7-2 . 2  

g-atoms/mole) by Vallee et al. (1957). Recently, however, 
Akeson (1964) has reported four zinc atoms per 84,000 g 
of horse liver alcohol dehydrogenase. The yeast enzyme 
has been found to have four zinc atoms per mole, one 
for each mole of coenzyme found (Vallee ct al., 1955 ).

Kine tic  properties

The peanut enzyme was observed to have a specific ac­
tivity of about 2 units/mg. (A unit of activity is defined 
as one fimole NADH formed per minute.) This value is 
within the range of those exhibited by the liver enzymes 
(Table 2). The yeast enzyme is about 100 times as active, 
having specific activities ranging from about 100 to 300 
units/mg.

The initial rates of reaction were determined at various 
concentrations of NAD+, ethanol, and NADH. The re­
sults, when plotted according to Lineweaver ct al. (1934), 
gave a linear relationship in each case as shown in Figs. 
4, 5 and 6 . As illustrated in Fig. 4, the narrow range of 
intersection of the curves for a series of NAD* concentra­
tions with the reciprocal substrate concentration axis indi­
cates that the Michaelis constant for ethanol is not greatly 
dependent upon the coenzyme concentration. The Michaelis 
constants, obtained by fitting the data to a straight line by 
the method of least squares, are compared to the constants 
for liver and yeast alcohol dehydrogenase in Table 3.

Results for the peanut enzyme show values of Km for 
both coenzymes several orders of magnitude larger than

T a b le  2. S p ecific  a c tiv ities of v ariou s alcoh ol d ehydrogenases.

Enzyme
Specific Activity 

/¿mole NADH/min/mg Reference
P A D H 2.3 T h is  w ork

H u m an L A D H 0.5* B la ir  et al. (1 9 6 6 )
0 .5 * V o n  W a rtb u rg  ct al. (1 9 6 4 )

H o rse  L A D H 5.8* T h e o re ll et al. (1 9 5 1 )
6.1 * L i ct al. (1 9 6 5 )

Y A D H 179* H ay es ct al. (1 9 5 4 )
76 * R a ck e r  (1 9 5 0 )

100* W a tts  et al. (1 9 6 2 )
260* K a g i ct al. ( 1 9 6 0 )

*  C alcu lated  from  the data o rig in a lly  rep orted  in o th er units, 
usually  the tu rn ov er num ber in m oles N A D H /m in /m o le  enzym e.
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Fig. 4. Linciveaver-Burk plot for the determination of the 
Michaelis constant for ethanol. The reaction mixture contained 
0.015M pyrophosphate buffer (pH 8.5), and 63 pcg/tnl of enzyme 
in addition to the ethanol and NAD. The symbols represent: • ,  
1.0 mM N AD *; Q, 0.5 mM N AD *; and A. 0.2 wiM NAD*.

the values for the other enzymes. Although these are not 
true dissociation constants, the magnitude suggests that 
coenzyme is less strongly bound to the peanut enzyme than 
to the other alcohol dehydrogenases. The Km values ob­
tained with ethanol are essentially the same for peanut and 
yeast alcohol dehydrogenases.

Peanut alcohol dehydrogenase shows considerable speci­
ficity for ethanol. The relative rates of oxidation presented 
in Table 4 indicate similar specificities for the peanut and 
yeast enzymes. Both of the mammalian enzymes show 
increased activity on n-butanol, and human liver alcohol 
dehydrogenase shows increased activity on methanol.

The peanut enzyme was not active when N A D P+ was 
substituted for NAD+. A similar observation was made for 
both the mammalian and the yeast enzymes (Pullman 
et cd., 1952).

Initial reaction rates obtained in Tris-ED TA  buffer as 
a function of pH indicate a maximum rate of ethanol oxi­
dation around pH 8.6, as shown in Fig. 7. The pH opti-

Ficj. 5. Linewcaver-Burk plot for the determination of the Mich­aelis constant for NAD*. The reaction mixture contained 0.1 M 
ethanol, 0.015M pyrophosphate buffer (pH 8.5) and 45 pg/ml of 
enzyme in addition to the NAD*.

Fig. 6. Lincweavcr-Biirk plot for the determination of the
Michaclis constant for NADFI. The reaction mixture contained 
0.1.33M acetaldehyde, 0.015M pyrophosphate buffer (pH 8.5) and 
50 ng/ml of enzyme in addition to the NADH .

mum is identical with that reported for yeast alcohol de­
hydrogenase (Wallenfels et al, 1958) whereas the opti­
mum for ethanol oxidation by the mammalian enzymes 
was reported to be pH 11 at high ethanol concentrations 
(Von W artburg et al, 1964; Theorell et al., 1951).

The importance of metal ions to enzymatic activity was 
ascertained by observing the effect of several chelating 
agents on NAD+ reduction. The data, presented in Fig. 8, 
demonstrate an initial rapid inactivation of about 12% fol­
lowed by a time-dependent inactivation of the enzyme by 
1,10-phenanthroline. A similar effect has been observed in 
the case of the yeast enzyme (Williams et al., 1958) ; horse 
liver alcohol dehydrogenase, however, was rapidly inacti­
vated to 54% of its initial activity with no further time- 
dependent inactivation (Vallee et a l, 1957).

The inactivation of peanut alcohol dehydrogenase was 
prevented by the incorporation of NAD+ in the reaction 
mixture prior to the addition of 1,10-phenanthroline. Simi­
lar results for the yeast enzyme (Ploch et a l, 1956) and 
for the enzyme from horse liver (Wallenfels et al, 1957) 
have been interpreted to suggest the. binding of coenzyme 
to the zinc. W ith regard to inactivation by incubation with 
FD TA , the peanut enzyme gave results similar to those for 
horse liver alcohol dehydrogenase (Vallee ct al., 1957), 
which showed a first order initial rate of inactivation. By 
contrast, yeast alcohol dehydrogenase is not significantly

Table 3. Michaelis constants for various alcohol dehydrogenases.

Km
M

Human 
Liver1 

pH 8.2, 23°
Horse 
Liver2 

pH 7, 26°
Y east 

pH 7.9, 26°
Peanut 

pH 8.5, 23°

K e í OH 1.2 x  IO"" 5.4 x  KF 1.8 X 10"2 1.3 X KF

K n a r 1.1 X 10-‘
(pH 8.2) 
1.2 X KF 1.7 X 10-' 2.0 X 10 2

Kxadh 2.2 X KV 1.3 x  IO'5 2.3 X HF 2.8 X 10"3

‘ Von Wartburg ct al. (1964). 
2 Theorell ct at. (1951).
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Table 4. Substrate specificity of alcohol dehydrogenases.

Peanut
Human 1 

Liver
Horse 2 
Liver Yeast3

Assay
conditions

0.01M pyrophosphate 
pH 8.5, 23°C 
0.5 mM NAD 

alcohol, 700 mM

0.016M  pyrophosphate 
pH 8.8, 23°

1.66 mM NAD 
1.16 mM alcohol

0.1 M  Glycine-NADH 
pH 9.5, 23.5°

0.12 mM NAD 
1 mM alcohol

0.02M pyrophosphate 
pH 8.9, 25°

0.2 mM NAD 
200 mM alcohol

Substrate Relative rates of oxidation

Ethanol 1.0 1.0 1.0 1.0
Methanol 0 1.2(0.5M MeOH) 0 0
n-Butanol 0.33 1.7 1.6 0.175
1 sopropanol 0 0.4 0 0.055
n-Pentanol 0.07 1.18 0.125

‘ Von Wartburg e t a l. (1964).
■’Data of A. D. Winer as given by Sund e t a t. (1963).
3 Data of E. S. G. Barron and S. Levine as given by Sund e t a l. (1963).

P H
F ig . 7. I n f lu e n c e  o f  pF I on  th e  ra te  o f  e th a n o l  o x id a t io n  b y  p e a ­

n u t  a lc o h o l d e h y d r o g e n a s e . T h e  in i t ia l  r a te s  w e r e  d e te r m in e d  a t 
r o o m  te m p e r a tu r e  in  0.1 M T r i s - H C l  c o n ta in in g  1 mM E D T A .

F ig . 8. I n f lu e n c e  o f  c e r ta in  c h e la tin g  a g e n ts  on  th e  a c t iv i t y  o f  
p e a n u t  a lc o h o l d e h y d r o g e n a s e . T h e  e n z y m e  zoos p r e - in c u b a te d  w i th  
th e  c h e la t in g  a g e n t  a t  r o o m  te m p e r a tu r e  in  0 .1  M p h o s p h a te  b u f fe r  
( p H  7 .3 )  fo r  th e  d e s ig n a te d  p e r io d s  p r io r  to  th e  a d d it io n  o f  0.1 m l  
o f  th is  m ix tu r e  to  th e  s ta n d a r d  a s s a y  s y s te m .

affected by E D T A  (W a lle n fe ls  et a l., 1957 ). P eanu t a lco ­
ho l dehydrogenase was also re a d ily  in a c tiva te d  by  8 -h y - 
d ro x y q u in o lin e -5 -s u lfo n ic  acid  as are o th e r a lcoho l dehy­
drogenases (S u n d  et a l., 1963 ).

T h e  s u lfh y d ry l g roups  o f yeast (W h ite h e a d  et a l., 1964) 
and horse l iv e r  ( L i  et a !., 1965) a lcoho l dehydrogenase 
have been show n to  be necessary fo r  en zym a tic  a c t iv ity .  
P re lim in a ry  in ve s tig a tio n  o f the e ffect o f iodoaceta te on 
the a c t iv ity  o f peanu t a lcoho l dehydrogenase has show n 
th a t the  enzym e is v e ry  sensitive to  in h ib it io n  b y  th is  
reagent.

E n z y m a tic  a c t iv ity  was fou nd  to  be h ig h ly  te m p e ra tu re - 
sensitive  (0 .0 1 M  pyrophosphate  b u ffe r, p H  8 .5 ) .  W h e n  
the  tem p e ra tu re  was increased to  40 °C , u s in g  a 15 -m in  
in cub a tion , the a c t iv ity  was com p le te ly  los t. In  th is  reg a rd , 
the enzym e is v e ry  s im ila r  to  yeast a lcoho l dehydrogenase, 
w hereas the  enzym e fro m  horse liv e r  is q u ite  tem p e ra tu re  
stab le (B ra n d  et al., 1962 ).

C O N C L U S I O N S

T h e  ph y sic a l  characteristics  o f peanut a lcoho l de­
hydrogenase d if fe r  som ew hat fro m  those o f yeast and m am ­
m als. E n z y m a tic a lly  the peanut enzym e has a specific 
a c t iv ity  s im ila r  to  th a t fro m  liv e r  ; how ever, the spe c ific ity , 
p H  o p tim u m  and K m  (e th a n o l)  co rrespond  to  the  yeast 
enzym e. In a c tiv a tio n  o f the enzym e by  heat and 1,10- 
ph eu an th ro line  is ch a ra c te ris tic  o f the  effects o f these agents 
on the  yeast enzym e, b u t the loss o f a c t iv ity  in  the  presence 
o f E D T A  resem bles the be hav io r o f the  m am m a lian  
enzym e.
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SUM M ARY—S a lm o n e lla  g iv e  grew competitively in crabmeat 
at 22°C but not at 11°, 8°, or 5°C. At 22°C the cells grew 
rapidly reaching high numbers in all samples; but decreased 
in numbers at all lower temperatures. On English sole tissue,
S . H e id e lb erg , S . ty p k im n r iu m  and S', d e r b y  all grew rapidly 
at temperatures as low as 8°C, from inocula as low as 101 
cells/g and even in the presence of 10 to 100-fold higher 
numbers of competing saprophytes. Ionizing radiation at 
relatively low levels, by reducing the numbers of competitive 
saprophytes, enhances the growth of salmonellae on fish 
fillets. No growth was obtained under any condition when 
the temperature was held below 6°C.

I N T R O D U C T I O N

S a lm o n ella e  do not occur n o rm a lly  on m arine  fish  
caugh t in  the open sea; how ever, fro m  the sm all am oun t 
o f da ta  ava ilab le , i t  is c lear th a t fish  are p o te n tia l veh icles 
fo r  a ll the  m ore  im p o rta n t types o f b a c te ria l foo d  po iso n in g  
(S h e w a n  et a l., 1955 ; Shew an, 19 62 ). A d v e n tit io u s  con ­
ta m in a tio n  o f fish  d u r in g  h a n d lin g  and p rocessing by  bac­
te r ia  o f p u b lic  hea lth  s ign ificance can occu r (G u e lin , 1962 ). 
L i t t le  is k n o w n  con ce rn ing  the  actua l p o te n tia l fo r  g ro w th  
o f sa lm onellae on seafoods.

R a d ia tio n  pa s te u riza tio n  appears to  be a use fu l and 
feasib le process fo r  seafoods since i t  s ig n if ic a n tly  extends 
the  she lf life  (M a s u ro v s k y  et a l., 1963 ; S p in e lli et al.,
1 9 6 5 ) . T h e  bene fic ia l effects are due to  the  e lim in a tio n  o f 
the  ra d ia tio n -s e n s itiv e  bacte ria  n o rm a lly  causing spoilage 
and an apparen t ex tens ion  o f the  lag  phase fo r  s u rv iv in g  
bacteria .

A  n u m be r o f stud ies o f the  bac te ria l changes in vo lve d  
in  th is  process have been pub lished  (M iy a u c h i et ah , 1963 ). 
H o w e v e r, l i t t le  in fo rm a tio n  is ava ilab le  con ce rn ing  the  fa te  
o f pa thogen ic  o r  food  po iso n in g  bacte ria  w h ic h  m ay occur 
as ad ven titiou s  con tam inan ts  on seafoods.

E n te ro to x ig e n ic  s taphylococci have been show n to  g ro w  
w e ll on  s te rilize d  crabm eat h e ld  a t 12° and 2 2 °C  b u t fa il 
to  g ro w  and, indeed, a c tu a lly  decline on n o n -s te rile  (u n ­
tre a te d ) crabm eat he ld  a t the  same tem pe ra tu re  (S la b y j 
et a l., 1965 ). T h e  same staphylococci w e re  fo u n d  to  g ro w  
w e ll in  n o n -s te rile  crabm eat in  w h ic h  the  nu m be r o f v iab le  
spoilage bac te ria  had been reduced by  p a s te u riz in g  ra d ia ­
tio n . T h is  in d ica ted  th a t one effect o f such processing 
m ig h t be to  re lieve  the com p e titive  pressure fro m  o ther 
bacteria , w h ic h  n o rm a lly  l im its  s taphylococca l g ro w th .

S a lm one llos is  is a p ro b lem  o f in c rea s ing  m a g n itu d e  in  
the  U S A  (S a lm o n e lla  S u rve illan ce  R e p o rt, A no n ym o u s ,
1966) and the  o r ig in s  o f m any ou tb reaks are obscure. 
T h e re  is reason to  suspect food  as the transm iss ion  rou te  
in  m any cases.

F a c to rs  such as these ind ica ted  a need fo r  m ore in fo r ­
m a tio n  on  the  g ro w th  o f salm onellae on seafoods and in  
p a r tic u la r  on the effects o f ra d ia tio n  processing on sal­

m onellae on seafoods. T h is  paper describes the  resu lts  o f 
an in v e s tig a tio n  in to  these fac to rs .

M A T E R I A L S  A N D  M E T H O D S

Test organisms

S a lm o n e lla  sero types— H eid e lb erg , A T C C  8 3 2 6 ; ty p h i-  
m u riu m , A T C C  6 9 9 4 ; and d e r b y , A T C C  6966 w e re  s tu d ­
ied because they w ere  am ong the fiv e  sero types m ost f r e ­
q u e n tly  iso la ted fro m  hum an  sources ( M o r b id i ty  and M o r ­
ta l i ty  R e po rts , A no n ym o u s , 19 65 ). S a lm o n e lla  g iv e  w as 
also used in  m any o f the exp e rim e n ts  because i t  w as fo u n d  
to  be m ore ra d ia tio n -re s is ta n t th a n  o th e r s tra in s  in  o u r 
la b o ra to ry  co llec tion .

Inoculum

T h e  in o cu lu m  was p repa red  by  a d d in g  18 -h r b ra in  he a rt 
in fu s io n  b ro th  (D ifc o )  c u ltu re  o f the  o rgan ism s to  0 .1 %  
peptone w a te r to  ob ta in  55%  tra n s m itte n c y  at 660 m /t in  
a B ausch and L o m b  S pectropho tom e te r. A p p ro p r ia te  
seria l decim al d ilu t io n s  fo r  in o c u la tio n  w e re  p repa red  in  
0 .1%  peptone w a te r.

Sample preparation

E n g lis h  sole ( P a r o p h r y s  v e t a lu s )  w e re  caugh t in  P uge t 
S ound by  the  College o f F ishe ries  research vessel. T h e  
fish  w e re  iced w h ile  s t i l l  a live  and tra n s p o rte d  to  the  labo ­
ra to ry  w ith in  2 to  4 h r. F is h  w ere  e ith e r f ille te d  and used 
im m e d ia te ly  o r  he ld  in  iced storage fo r  up  to  16 days be fore  
f i l le t in g  and use.

F resh  p icked  D ungeness crab body  m eat ( C a n c e r  rnagis-  
te r)  was ob ta ined  f ro m  a loca l c rab processor on  the  m o rn ­
in g  o f use. B o th  E n g lis h  sole f ille ts  and crabm ea t w ere  
d is tr ib u te d  in  45 g q u an titie s  in  6 m il p o ly m y la r  pouches, 
inocu la ted , heat sealed and s to red  a t the a p p ro p ria te  te m ­
pe ra tu re . In  m any o f the  exp e rim e n ts  the  in o cu lu m  was 
a d ju s te d  so th a t a p p ro x im a te ly  equa l nu m be rs  o f v ia b le  
ce lls rem a ined  in  bo th  ir ra d ia te d  and n o n - irra d ia te d  sam ­
ples. F o r  m ic ro b ia l enum era tion , the  e n tire  con ten ts  o f 
the  pouch w ere  added to  180 m l o f 0 .1%  peptone w a te r 
and hom ogenized fo r  \ l/ 2 m in  at h ig h  speed in  a W a r in g  
B le n d o r ;  the  sam ple hom ogenate was then a p p ro p ria te ly  
subcu ltu red .

Tissue slurry

C rabm ea t and E n g lis h  sole tissue s lu rr ie s  w ere  p repa red  
by b len d in g  1 p a r t tissue and 4  p a rts  d is ti lle d  w a te r in  a 
W a r in g  B le n d o r a t h ig h  speed fo r  2 m in . T h e  s lu r ry  was 
added to  screw  cap tubes and  autoclaved.

Storage temperatures

C rabm ea t and E n g lis h  sole tissue in ocu la te d  w ith  
salm onellae w e re  s to red  a t 5°, 8 ° , 11° and 2 2 °C  and  6 °, 
8 °, 12° and 2 2 °C  respective ly .
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Enumeration

Salm onellae counts w ere  ob ta ined  by the d ro p  p late 
m ethod on b r i l l ia n t  g reen agar (D ifc o )  us in g  0.1 o r 0.01 m l 
vo lum es o f the a p p ro p ria te  hom ogenate d ilu t io n  and by 
the M P N  techn ique us in g  a selen ite b ro th  (R a j and L is to n ,
1965). B o th  m ed ia w e re  incuba ted  at 37°C . T o ta l v iab le  
counts o f the m ix e d  f lo ra  w e re  ob ta ined by the p o u r p la te  
m ethod us ing  tryp tica se  ph y tone  yeast e x tra c t agar ( M i-  
yauch i et a !., 1963) and an in cu b a tio n  tem p e ra tu re  o f 22°C . 
T h e  com pos ition  o f the T P Y  agar is :  tryp ticase , 15 g ;  
phytone , 5 g ;  yeast e x tra c t, 5 g ;  N a C l, 5 g ;  agar, 15 g ;  
w a te r, 1 1; p H , 7.2.

Radiation

T h e  packaged E n g lis h  sole fille ts  and crabm eat w ere 
ir ra d ia te d  in  the C o llege o f F ishe ries  w ith  50 to  100 K ra d s  
o f gam m a ra d ia tio n  in  the  C oba lt 60 M a rk  I I  F ood  I r r a d i ­
a to r at a dose ra te  o f 300 K r a d s /h r  and a tem pe ra tu re  of 
2 4 ° C .

R E S U L T S
Growth in crabmeat

T h e  g ro w th  o f S', g iv e  was tested in  un tre a te d  crabm eat 
and crabm eat ir ra d ia te d  a t 50 and 100 K ra d . T h e  o rg a ­
n ism  g re w  w e ll in  a ll samples he ld  a t 22°C , reach ing  
m ax im a  between 106 and 108 c e lls /g  o f tissue in  6 days 
(F ig .  1 ) . T h e  increase in  S a lm o n e lla  coun t occu rred  
con co m ita n tly  w ith  an increase in  to ta l m ic ro b ia l count. 
S a lm o n e lla  reached h ig h e r num bers in  samples irra d ia te d  
w ith  100 K ra d s  th a n  in  e ith e r n o n - irra d ia te d  sam ples o r 
samples ir ra d ia te d  w ith  50 K ra d . T h is  appears to  be due 
to  a g re a te r re d u c tio n  in  num bers o f com pe ting  spoilage 
organ ism s in  the  samples ir ra d ia te d  w ith  the h ig h e r dose. 
H o w e ve r, the  sam ples ir ra d ia te d  w ith  50 K ra d  also had a 
lo w e r in it ia l S a lm o n e lla  in o cu lu m , fu r th e r  w eaken ing  th e ir  
com p e titive  po s itio n .

S ince S', g iv e  was able to  g ro w  and com pete w ith  the 
sap rop hy tic  p o p u la tio n  on fre sh  crabm ea t a t 22 °C , its  a b il­
i ty  to  g ro w  a t lo w e r tem pe ra tu res  on th is  seafood p ro d u c t 
was also tested. A f te r  ir ra d ia t io n  a t 0, 50 and 100 K ra d s  
and storage a t 5, 8 and 11°C , the re  was no increase in  
v iab le  coun t o f S', g iv e  in ocu la ted  in to  crabm eat as show n

Solmonello give in Crab Meat

F ig . 1. G r o iv th  o f Salmonella give on  c r a b m e a t a t  2 2 °C .

Table 1. Growth of S a lm o n e l la  g iv e  on crabmeat.

0 50 100

Storage (days) 5°C
Log no./g sample 

Dose, Krad

0 6.1 6.7
7 5.9 5.0 6.0

14 5.2 4.3 5.1
21 5.1 3.6 5.4
28 5.5 4.4 5.5

Storage (days) 11°C
0 5.5 5.1 5.1
7 4.6 3.0 2.1

14 4.6 2.7 2.1
21 4.6 2.7 2.0
28 4.4 0 0

in  F ig . 2 and T a b le  1. Indeed , un d e r these con d itions  an 
actua l decline in  num bers o f S a lm o n e lla  was observed d u r ­
in g  storage b u t c o n c u rre n tly  the  to ta l sap rop hy tic  count 
increased in  bo th  the  ir ra d ia te d  and n o n - irra d ia te d  samples.

T h e  same genera l p a tte rn  was ob ta ined  w ith  S .  H eidel­
b e rg , S .  ty p h im u riu m  and S. d e r b y  w hen in ocu la ted  in to  
crabm eat, ir ra d ia te d  at 50 K ra d  and sto red  a t 8 °C  (T a b le
2 ) .  A t  th is  tem pe ra tu re  salm onellae counts showed a 
con tinu ed  decline w h ile  the to ta l counts increased th ro u g h ­
o u t storage.

T h e  salm onellae tested w ere  thu s  unab le  to  g ro w  a t lo w  
tem pe ra tu res  in  the presence o f the com p e tin g  spoilage 
f lo ra  on no n -s te rile  crabm eat. H o w e v e r, w h en  these sero­
types w ere  inocu la ted  in to  s te r ile  crabm eat s lu r ry  and 
incuba ted  at 8 °C , the o rgan ism s su rv iv e d  and g re w  reach­
in g  counts as h ig h  as 107/ g  in  14 days (T a b le  3 ) .

Growth in English sole

T h e  g ro w th  p a tte rn  on n o n -s te r ile  E n g lis h  sole was 
q u ite  d iffe re n t fro m  th a t ob ta ined  in  n o n -s te r ile  crabm eat.

Salmonella give in Crab Meat

F i g .  2 .  C h a n g e s  in  S a lm onella  g ive  a n d  t o t a l  c o u n t s  o n  c r a b m e a t
d u r i n g  s t o r a g e  a t  8 ° C .
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Table 2. Growth of salmonellae and saprophyte:3 on crabmeat incubated at 8°C.
Total counts 
(saprophytes ) Salmonellae

Storage Non- Irradiated Non- Irradiated
Test organism (days) irradiated 50 Krad irradiated 50 Krad

Log no./g  sample
S a lm o n e l la  h e id e lb e r g 0 4.98 4.67 4.59 4.08

3 6.25 6.98 4.32 3.53
10 6.65 8.70 4.32 1.95

S a lm o n e l la  ty p h im u r iu m 0 4.81 3.93 3.93 2.20
3 6.28 6.95 <3.0 <2.0

10 6.28 8.41 <2.0 <1.0
S a lm o n e l la  d e r b y 0 4.90 3.93 3.11 2.25

3 6.28 7.15 2.95 <2.0
10 6.32 8.50 <2.0 <1.0

Table 3. Growth of salmonellae in sterile crabmeat slurry at 8°C.

Test organism
Days storage

n 3 6 14
Log no./g slurry

5. ty p h im u r iu m 4.96 4.51 5.31 6.20
S .  d e r b y 4.90 5.55 5.20 6.40
S .  h e id e lb e r g 5.06 4.92 5.91 7.81
S .  g iv e 6.1 6.1 6.0 7.2

Table 4. Growth 
at 8°C.

of salmonellae in sterile English sole slurry

Days storage
Test organism (1 3 6 14

Log no./g slurry
ff. ty p h im u r iu m 4.98 5.31 5.80 6.28
S .  d e r b y 5.32 4.88 4.83 6.19
S .  h e id e lb e r g 5.46 5.36 5.92 8.30

Salm onellae and spoilage bacte ria  g re w  m ore  ra p id ly , and 
salm onellae g re w  m ore  c o m p e tit iv ly  at lo w e r tem pe ra tu re s  
on  E n g lis h  sole tha n  in  crabm eat. S', h e id e lb e r g  g re w  on 
E n g lis h  sole a t 22°, 12° and 8 °C  b u t n o t a t 6 °C  (T a b le  5 ) .  
A t  2 2 °C  salm onellae po pu la tio ns  increased by  ove r 1,000- 
fo ld  in  abou t 1 day on bo th  ir ra d ia te d  and n o n - irra d ia te d  
samples. T h e  spoilage flo ra  increased by  ove r 10 ,000 -fo ld  
in  about one day in  a ll samples.

Salm onellae inocu la ted  a t levels o f 104 c e lls /g  m ade up 
the m a jo r ity  o f the ba c te ria l p o p u la tio n  on the f ille ts  w h ic h  
con ta ined  o n ly  10- to  103 spoilage o rg a n is m s /g  and  th is  
m ay account fo r  th e ir  ra p id  g ro w th . I n  samples s to red  at 
12° and 8 °C , S', h e id e lb e r g  was s t i l l  able to  com pete effec­
t iv e ly  w ith  the  saprophytes and increased a p p ro x im a te ly  
1 ,000-fo ld  in  18 to  21 days in  b o th  ir ra d ia te d  and n o n - 
ir ra d ia te d  samples. A t  6 °C , S', h e id e lb e r g  declined in  bo th  
ir ra d ia te d  and n o n -irra d ia te d  samples, w h ile  spoilage sap ro­
phytes con tinued  to g ro w .

T h e  g ro w th  o f salm onellae serotypes in  s te rile  fish  s lu r ry  
was v e ry  s im ila r  to  th a t ob ta ined  w ith  the  same sero types 
in  s te rile  crabm eat s lu r ry  (T a b le  4 ) .  T h e  organ ism s

Table 5. Growth of S a lm o n e l la  h e id e lb e r g  and saprophytes on English sole fillets.
Total counts
(saprophytes) Salmonellae

Incubation
temperature

Storage
(days)

Non-
irradiated Irradiated 

50 Krad
Non-

irradiated
Irradiated 
50 Krad

Log no./g sample
6°C 0 3.78 3.53 5.84 5.81

7 7.26 7.78 5.34 5.40
14 7.95 8.41 4.30 <3.0

8°C 0 2.93 2.11 5.81 5.93
8 8.04 7.74 8.54 7.78

13 8.57 8.08 8.51 8.48
22 8.28 8.43 7.90 7.81
28 8.30 8.53 7.81 7.70

12°C 0 3.11 2.36 4.71 5.53
7 7.3 6.18

14 8.56 8.83 9.08 8.40
21 9.71 8.36 9.04 8.56

22° C 0 2.93 2.11 5.81 5.93
1 7.45 6.58 9.20 9.11
2 8.93 8.70 8.98 8.98
5 8.78 8.93 8.40 9.00
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Salmonella heidelberq in English Sole, Non-Irradia ted

F ig . 3. G ro zv th  o f  lozv le v e ls  o f  Salmonella heidelberg on  E n g lis h  
so le  tis su e  a t  8 ° C  n o n - ir r a d ia te d .

reached lo g  counts between 6 and 8  in  14 days at 8 °C  in  
the  heat s te rilize d  s lu rry .  5'. h e id e lb e r g  g re w  a t a fas te r 
ra te  than the o th e r sero types tested in  bo th  s lu rries .

T h e  h ig h  levels o f salm onellae in ocu la  (1 0 4 to  105 
c e lls /g ) used in  the e a rlie r exp e rim e n ts  fa c ilita te d  e n um e r­
a tio n  and p ro v id e d  advantageous con d itions  fo r  com p e titive  
g ro w th . H o w e v e r, i t  was recogn ized th a t th e y  are qu ite  
un rep resen ta tive  o f levels o f c o n ta m in a tio n  lik e ly  to occur 
on seafoods. Som e exp e rim e n ts  w ere, the re fo re , pe rfo rm ed  
in w h ic h  lo w e r levels o f in ocu la  w ere  used.

G ro w th  fro m  lo w e r levels o f in it ia l inocu la  (1 0 1, 10-, 10:i, 
104 c e lls /g )  o f S', h e id e lb e r g  on  E n g lis h  sole f ille ts  a t 8 °C  
is shown in  F ig . 3. S to rage  o f samples in ocu la ted  w ith  
104/ g  was te rm in a te d  a fte r 9  days w h ile  the o th e r samples 
w ere  he ld  an a d d itio n a l 5 days. In  the  sam ple w ith  the 
low est in o cu lu m  ( 101 c e lls /g ) ,  the  S a lm o n e lla  p o p u la tio n  
increased and reached a m a x im u m  a fte r 4  days, b u t de­
c lined  the re a fte r, p ro b a b ly  due to  c o m p e titive  g ro w th  o f 
the  spoilage m ic ro flo ra . W h e n  in ocu la ted  w ith  102 c e lls /g  
the S a lm o n e lla  p o p u la tio n  co n tinu ed  to  increase fo r  9 days 
before i t  s ta rted  to  decline. W ith  h ig h e r leve ls o f in ocu lum ,

Salmonella heidelberq in English Sole, Irradiated 50 Krad

Days storage 3° C

F ig . 4. G ro zv th  o f  lozv le v e ls  o f Salmonella heidelberg on E n g lis h  
so le  tis s u e  a t  S ° C  ir r a d ia te d  w i th  50 K r a d .

the  pathogen con tinued  to  increase th ro u g h o u t the storage 
p e rio d  (1 4  d a y s ).

T h e  effects o f ir ra d ia t io n  on the  g ro w th  o f lo w  levels o f 
S a lm o n e lla  can be seen in  F ig . 4. I n  these expe rim en ts , 
ir ra d ia t io n  reduced the num bers o f saprophytes s u ffic ie n tly  
to  a llo w  lo w  num bers o f S a lm o n e lla  to  g ro w  u n in te r ru p ­
te d ly  even w hen the low est leve l o f in o cu lu m  was used. 
T h e  num bers increased s tead ily  th ro u g h o u t the storage 
p e rio d  reach ing  h ig h  leve ls w ith in  9 to  14 days.

T w o  o th e r sero types w e re  in ocu la ted  at leve ls between 
101 and 10® c e lls /g  o f fish  tissue. S a lm o n e lla  d e r b y  g re w  
ra p id ly , reach ing  h ig h  num bers a fte r 9  days s torage at 
8 °C  (T a b le  6 ) T h e  g ro w th  o f G. ty p h im u riu m  was 
n e ith e r as ra p id  as the  g ro w th  o f S .  d e r b y  n o r the  increase 
in  num bers o f cells as la rge  a fte r 9  days in cub a tion . T h e  
suppress ing effects o f saphophytes on the  g ro w th  o f .S'. 
h e id e lb e r g  and .S', ty p h im u riu m  w e re  m ore  pronounced  
than  th e ir  effect on 5 . d e r b y . I n  these cases, a ll levels o f 
salm onellae inocu la  g re w  th ro u g h o u t the  9 days o f storage 
a t 8 °C  in  bo th  ir ra d ia te d  and n o n - irra d ia te d  samples.

Table 6. Growth of low levels of salmonellae and saprophytes on English sole fillets at 8“C.
Total counts 
(saprophytes) salmonellae

Test organism
Storage
(days)

Non-
irradiated

Irradiated 
50 Krad

Non-
irradiated

Irradiated 
50 Krad

S a lm o n e l la
ty p h im u r iu m 0 1.7

Log no./g sample

3.18 5.26 2.0 4.56
2 3.11 1.65 3.0 5.63 ..... 3.70
S 7.23 5.26 4.18 5.18 2.65 4.78
7 7.04 8.18 5.28 6.32 3.04 5.46
9 7.81 7.78 6.04 5.87 2.93 6.60

S a lm o n e l la  d e r b y 0 2.81 1.48 0.88 1.88 2.88 1.08 2.08 3.08
3 6.0 5.08 3.90 4.48 5.08 3.88 4.3 4.0
6 7.78 7.63 6.88 6.26 7.49 6.15 5.78 7.08
9 8.48 8.49 7.70 7.74 8.18 7.43 7.40 7.74
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D I S C U S S I O N

Salmonellae will apparently grow at low temperatures 
on seafoods if the correct conditions are present. In the 
case of crabmeat, the required condition appears to be the 
absence of other organisms, but English sole, which might 
be considered reasonably representative of low fat fish, 
seems to provide the required condition p e r  sc. It is 
doubtful that competition provides the sole explanation for 
the failure of salmonellae to grow on crabmeat though the 
higher temperature experiments with S .  g iv e  indicate that 
reduction of the competing saprophytic population by radi­
ation will affect the extent of salmonellae growth.

Berry (1952) reported that S', a e r tr y c k e  and .S', m o rg a n i 
failed to grow on autoclaved crabmeat at 5°C but grew at 
25° and 37°C. In our experiments, slurries provided a 
somewhat different environment from picked crabmeat in 
which, due to the brine immersion treatment during 
processing, the salt content varies between 0.35 and 0.72 
molal NaCl and water content 75.8 to 79.5% (Nelson and 
Thurston, 1964). It is possible that this treatment renders 
crabmeat unsuitable for salmonellae growth at low tem­
peratures, though experiments with salt-containing media 
indicate that the calculated aw in crabmeat is not low 
enough to inhibit growth. Tests in which nutrient broth 
was added to crabmeat inoculated with the pathogen estab­
lished that nutrient limitation was not the primary growth 
restricting factor.

It is interesting that reduction in the size of the sapro­
phytic population on English sole by irradiation affected 
the growth level of salmonellae. Very low inocula of 101 
cells/g showed essentially unlimited growth at 8°C on 
fillets given 50 Krad treatment, while similar inocula on 
untreated fillets grew only to a limited maximum of nearly 
108 cells/g and then declined on untreated fillets.

This observation and the similar results for S .  g iv e  in 
crabmeat at 22 °C conform to the pattern reported by 
Slabyj et al. (1965) for staphylococci and suggest that 
a competitive ratio which may be qualitative as well as 
quantitative is significant in the natural control of out­
growth of food poisoning organisms on seafoods.

Fish spoilage organisms have a much shorter generation 
time at low temperatures than salmonellae and can com­
pete more effectively for the available nutrients. Pasteur­
izing radiation eliminates many of the saprophytic bacteria 
and apparently impairs the competitive effectiveness of the 
survivors. This may account for the depression of the 
serotypes tested ; however, it does not expain why the 
growth of S .  h e id e lb e r g  is depressed to a greater extent 
than either S', ty p h im u riu m  or S .  d e rb y .

In the experiments, salmonellae were added to the tissue 
before irradiating. The effects of adding non-irradiated 
salmonellae to irradiated tissue and adding irradiated 
salmonellae to non-irradiated tissue were not tested. These

variations may produce different S a lm o n e lla  growth re­
sponses and should be tested.

In all of the experiments, temperatures a few degrees 
below 8°C (e.g., 5° or 6°C) were found to inhibit com­
pletely the growth of salmonellae and indeed to bring 
about a progressive reduction in their numbers. Since 
most seafood products are held at temperatures below 8°C 
this provides an explanation (in part) of the very low 
reported incidence of salmonellosis attributed to consump­
tion of seafoods. However, in view of the reduction of the 
competing saprophytes by radiation, it is important that 
radiation processed foods be rendered free of, as well as 
protected from, subsequent infection by salmonellae and 
stored at temperatures below 6°C.
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T h e r m a l  R e s i s t a n c e  o f  S p o r e s  o f  F i v e  S t r a i n s  o f  

C l o s t r i d i u m  b o t u l i n u m  T y p e  E i n  G r o u n d  W h i t e f i s h  C h u b s

SUMMARY—Thermal death-time determinations in the tempera­
ture range of 165°F (73.9°C) to 185°F (85°C) were made 
of spores of five strains of C lo s tr id iu m  b o tu lin m n  type E in 
tubed fish paste prepared from whole Great Lakes whitefish 
chubs. Estimated Fun (80°C) values for the destruction of ap­
proximately 1 X 10“ spores per gram of fish paste were as 
follows: for strain Alaska, 34.2 min; Beluga, 17.0 min; 8E,
14.0 min,- Iwanai, 12.5 min; and Tenno, 13.2 min. Estimated 
95% confidence limits about these Fno values were for strain 
Alaska, 2 3 .4 -4 9 .5  min; Beluga, 14 .2 -20 .2  min; 8E, 8 .2 -1 7 .7  
min; Iwanai, 10.2—15.4 min; and Tenno, 9.3—18.5 min. Dus 
values calculated from our Fno values by Schmidt's (1957) 
equation were for strain Alaska, 4.3 min,- Beluga, 2.1 min;
8E, 1.8 min; Iwanai, 1.6 min,- and Tenno, 1.6 min. ZP values 
obtained from thermal death-time determinations were for 
strain Alaska, 13.2; Beluga, 13.3; 8E, 10.3; Iwanai, 13.6; and 
Tenno, 13.1 °F.

I N T R O D U C T I O N

T i i e  r e s i s t a n c e  of spores of C. botulinmn type E to 
heat has been of major interest since a high incidence of 
type E botulism (Dolman et al., 1963) culminated in the 
1963 outbreak in the United States, in which 17 cases and 
7 deaths (U . S. Dept, of Health, 1963) were attributed 
to the consumption of smoked Great Lakes whitefish chubs.

Heat is the most inexpensive and widely used effective 
agent in the destruction of food spoilage microorganisms; 
hence, it is a natural first choice as a suitable control 
method for ensuring a safe food product. In lightly smoked 
fish, however, smoking is not carried out to preserve the 
product, and the thermal exposures in the smoking process 
traditionally were not directed toward producing a safe 
product.

The present study was carried out to contribute data on 
the thermal resistance of five recognized strains of C. bot-u- 
linum type E in a fish menstrum, as a step toward better 
understanding of the degree of thermal processing neces­
sary to reduce the hazards from type E botulism in this 
type of product, apart from brining and other measures 
that conceivably may prove useful in enhancing its safety.

M A T E R I A L S  A N D  M E T H O D S

Cultures
Strains Beluga, Alaska, Iwanai and 8E were obtained 

as spore suspensions through the courtesy of Dr. C. F. 
Schmidt, Continental Can Company, Chicago, 111. Strain 
Tenno in lyophilized form had been supplied the senior 
author by Dr. G. Sakaguchi in 1956 and was retained in

the original form until subcultured in 1964 for use in the 
present studies.

Cultures were maintained in the frozen state. They were 
subcultured in tubes of a laboratory-prepared cooked-meat 
medium prepared from lean beef (neck meat, beef heart, 
or veal heart) according to a previous edition of the Man­
ual of Methods for the Pure Culture Study of Bacteria 
(Society of Amer. Bacteriologists, 1936). After 36 to 48 
hr at 35°C, cultures were transferred to bottles containing 
150 ml of the same medium and were again incubated for 
the same period They were then shaken, allowed to settle, 
and the fluid portion together with small meat particles was 
dispensed in 2.0-ml quantities into 5.0-ml pharmaceutical 
vials. These were flame sealed, quick frozen at —60°C, 
and stored in the deep freeze.

Production of spore suspensions

Spore suspensions were prepared according to the 
method of Schmidt ct al. ( 1962), except that stock cultures 
for inoculation of the trypticase-peptone-glucose sporulation 
medium were made by seeding the frozen-thawed meat 
cultures into tubes of the sporulation broth to which was 
added 0.5 g per liter of Bacto-agar (incubated at 29.5 to 
30°C for 24 hr). This was followed by preparing a second 
transfer into tubes of sporulation broth without added agar 
(incubated at 29.5 to 30°C for about 40 hr). These second 
subcultures were then heat-treated by immersion in a water 
bath at 60° for 15 min, and inoculated into bottles of the 
trypticase-peptone-glucose medium. The remaining steps 
of the procedure were carried out essentially as described 
by Schmidt et cl. (1962).

Preparation of fish paste

Whole frozen Great Lakes whitefish chubs were ground 
in a commercial Hobart Model A120 food grinder (Hobart 
Mfg. Co., Trov, O hio), and 200 g were dispensed into
12-oz wide-mouth refrigerator jars. The filled jars were 
autoclaved at 121°C for 30 min, allowed to cool to room 
temperature, and stored in the refrigerator until needed. 
They were tested for sterility by inoculating representative 
samples into thioglycollate sterility test medium.

Viable counts

Viable counts of stock spore suspensions were made by 
the method of Schmidt (1964) in a medium composed of 
Bacto-peptone, 5.0%; Bacto-agar, 1.2%; and with a pH  
of 7.0. The medium was put up in 10-ml quantities in clear
16-)iim X 150-mm screw-capped test tubes. Sterile tubes
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of media were steamed and allowed to equilibrate to 50°C, 
following which 10% sterile sodium thioglycollate and 10%
sterile (Seitz-filtered) sodium bicarbonate were aseptically 
added to final concentrations of 0.2% and 0.14%, respec­
tively.

Initial 1 :4 dilutions of stock spore suspensions were made 
in sterile distilled water with 1.0 ml of stock suspension. 
Two ml of this initial suspension in a 16-mm X 150-mm 
screw-capped tube was heat-shocked by immersing the tube 
in a water bath at 60°C for 15 min, then rapidly cooling it 
in a container of cold water. The initial suspensions, both 
heated and unheated, were then diluted, and 0.1, 0.2 and 
0.3 ml of the 10-5, 10”® and 10"7 dilutions were seeded into 
the complete medium, equilibrated at 50°C, and mixed.

The seeded tubes were immediately placed in a rack 
immersed in tap water to which ice cubes were added to 
bring the water to about 10 to 15°C. The seeded tubes 
were overlayed with 3.0 ml of sterile 1.5% Bacto-agar to 
which sterile 0.2% sodium thioglycollate solution was added 
during equilibration at 50°C. Tubes were incubated at 
30°C, and the resulting deep agar colonies were counted 
at 48 hr, and at intervals up to 14 days. Counts were most 
reproducible in the range of 10 to 30 colonies per tube. 
This range was subsequently employed as the best standard 
of validity.

Seeding of the sterile fish paste was based on that 
volume of concentrated stock spore suspension which, 
when added to 200.0 g of fish paste, yielded 10® heat- 
resistant spores per gram (based on surviving spores in 
2 ml of a 1 :4 suspension capable of surviving an immersion 
time of 15 min at 60°C in a 16 X 150-mm screw-cap Pyrex 
test tube immersed to the lower rim of the cap).

Stock suspensions were enumerated at periodic intervals 
to ensure against changes in viability or heat resistance 
that might alter their characteristics. Refrigerated, stored 
tubes of spore suspensions in distilled water remained quite 
stable for as long as 21 months.

Preparation and treatment of thermal death-time tubes

The method of Angelotti et al, (1961) was used to pre­
pare, fill, and seal the thermal death-time (T D T ) tubes 
with 1.0 ±  0.1 g of seeded fish paste containing about 10® 
spores. In the present study, however, the grease gun 
filling apparatus was modified by eliminating the metal ball 
valve in the nozzle to prevent jamming by fish-bone frag­
ments, and substituting a Fisher Electro Hosecock, A. C. 
Model (Fisher Scientific Co., Pittsburgh, Pa.) activated 
by a togle switch clamped to the grease gun handle. The 
hosecock was adjusted to open and close on a short length 
of rubber tubing placed between the outlet of the grease 
gun and a glass nozzle through which fish paste was de­
livered into TD T tubes. After repeated trials a further 
modification was made by adding machined spacer bushings 
on the pressure piston to increase the accuracy of delivery 
that was lost in the removal of the ball valve.

The grease gun was chilled during filling operations by 
means of two medium-sized pillows of Sno-Gel Non-M elt­
ing Reusable Ice (Sno-Gel Co., Lodi, Calif.) molded in 
the frozen state to enclose the barrel of the grease gun.

Heat resistance tests were run on all strains at 73.9°C 
(165°F ), 79.4°C (175°F ), and 85°C (185°F ). Tests at

76.7°C (170°F ) also were run on strains Alaska and 
Tenno.

Following treatment, the seeded fish paste was recovered 
from the sealed tubes by scoring the tubes with a motor- 
driven glass tubing cutter, snapping them open, and with 
an inoculating needle shaped into a helix, removing ap­
proximately 0.25 to 0.5 g of the contents for subculturing. 
Ten tubes at each interval were subcultured into tubes of a 
Noyes veal-broth medium (Angelotti ct al., 1962), modi­
fied by the addition of 0.2% soluble starch and 0.5% 
glucose (incorporated before autoclaving).

The recovery medium was put up in 16 X 150-mm tubes 
each containing 8.0 ml of broth and 1.0 g of veal. Meat 
in the medium provided a spongy mass ideal for trapping 
and holding small bubbles of gas, thus facilitating detection 
of growth especially during long periods of delayed incu­
bation.

The recovery cultures were incubated at 30 ±  0.5°C  
and examined for gas production and growth after 24, 48, 
72, 120 and 168 hr. The cultures were then removed from 
the incubator and further incubated at room temperature 
(approximately 25°C) to allow for delayed germination. 
During this period they were observed at 14 days, 21 days, 
1 month, and subsequently at convenient intervals for a 
total of 6 months.

Presence of toxin and absence of contaminants were 
confirmed as follow s: in recovery cultures from each ex ­
periment, 5 cultures from the last heating interval showing 
growth in all 10 tubes and all tubes showing growth in 
recoveries from subsequently longer heating intervals were 
tested for specific type E toxicity by the mouse test. Con­
trol animals were protected with type E anti-toxin (pur­
chased from the Communicable Disease Center, Atlanta, 
Georgia). Recovery cultures also were streaked on plates 
of trypticase soy agar to detect aerobic contamination. All 
cultures that showed specific type E toxicity were included 
in the data.

Measurement of the rate of heat penetration

Measurements of the rate of heat penetration were made 
using copper-constantan thermocouples essentially as de­
scribed by Angelotti et al. (1961). Corrections for thermal 
lag and lethality during lag were computed as previously 
described (Anellis et al., 1954; Angelotti et al., 1961) ex­
cept that they were applied for the range from 125°F to 
the various test temperatures.

The calculated correction factors representing additional 
minutes of lethal exposure occurring during come-up and 
cool-down for each of the five spore strains ranged from
1.0 to 1.3 at 165°F, 0.9 to 1.2 at 175°F, and from 1.0 to
1.1 at 185°F. Values at 170°F were obtained only for 
Tenno and Alaska strains and were both 1.1.

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

T a b le  1 show s the raw data in terms of the last time 
interval at which some cubes were positive and the first 
interval at which all tubes were negative. The original 
experimental design was based on replicates run at three 
temperatures. The extra values at 165°F for Alaska were 
determined for comparison with results for the other 
strains because the results for this strain were found to be
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T a b le  1. T h e rm a l d eath -tim e d ata  based on ob serv atio n  o f v iab ility  a fte r  6-m o n th  incu ba­
tio n  o f reco v ery  cu ltu res o f Clostridium botulinum  type E  in veal bro th  m edium  seeded w ith 
h e a t-trea ted  w hitefish  chub paste co n ta in in g  1 X  10e spores per g.

Strain

Time (min) of the longest heating interval showing at least one viable out of 
10 recovery cultures, and the shortest time interval showing no viable recovery cultures at temperatures of:
165°F 170‘>c 175°F 185°F

Viability Kill Viability Kill Viability Kill Viability Kill
A la sk a 155 165 90 100 71 71 8 9

105 111 43 56 6 7

B elu g a 110 115 24 26 4 5
105 110 22 24 5 6

8 E 140 147 21 24 4 5
146 153 21 24 2 3

I w anai 68 80 10 12 4 5
76 84 16 18 4 5
86 93

101 108

T en n o 130 145 32 34 12 IS 3 4
113 120 25 26 21 24 6 7
108 114 24 26

h igh e r tha n  the  o thers  a t 170, 175 and 185i°F . N o  a tte m p t p ria te  set o f l im its  w ere  then ca lcu la ted fo r  each s tra in
was made to  presen t a ba lanced s ta tis tica l design because w h e re  Z F is the  te m pe ra tu re  change ( ° F )  re q u ire d  to  effect
o f the la rge  a m o un t o f tim e  and la b o r in vo lve d . a one -lo g  d ro p in  F .

T h e  data in c lud e  resu lts  o f a ll exp e rim e n ts  in  w h ic h T h e  genera l m e thod  fo r  f i t t in g  a lin e a r regression, and
v a lid  end po in ts  w ere  a tta ined . In i t ia l ly  i t  was d if f ic u lt  to c a lcu la tin g  confidence in te rv a ls is g iv e n  b y  O s tie  (1 9 6 3 ).
reach end p o in ts  w h en  the fe w  pub lished  Z F values fo r A ssu m p tio n s  fo r  th is  ana lys is  are g iven  be low .
type  E  C . b o tu lin u m  w e re  app lied  to  the  f ir s t  da ta  a t 170 
and 1 7 5°F  fo r  p re d ic tin g  he a tin g  in te rv a ls  a t o th e r te m ­
pe ra tures. M a n y  unsuccessfu l exp e rim e n ts  resu lted  fro m  
m issed end po in ts  due to  th is  fa c to r. A ls o , some e x p e r i­
m ents in  w h ic h  an end p o in t was reached a fte r  in cub a tion  
o f several days o r  weeks w e re  la te r n u llif ie d  by  de layed 
g e rm in a tio n  a fte r  p ro lo n g e d  in cu b a tio n  and had to  be 
repeated in  o rd e r to  locate the tru e  end po in t.

E ach  p a ir  o f values, one fo r  v ia b il i ty  and one fo r  le th a l­
ity ,  was averaged to  y ie ld  a s ing le  th e rm a l dea th -tim e  
value. W h e n  these th e rm a l de a th -tim e  values w e re  c o r­
rected fo r  com e-up and co o l-d o w n  o f sam ples as specified 
by A n e llis  e t al. (1 9 5 4 ) , the y  y ie lde d  the  average co rrected  
F  values show n in  T a b le  2. T h e  estim ated th e rm a l dea th ­
tim e  curves w e re  com puted  fro m  s ta tis tica l ana lys is  o f the 
da ta  in  T a b le  2.

T o w n se n d  et al. (1 9 3 8 ) suggested a p rocedure  fo r  t re a t­
in g  th e rm a l de a th -tim e  da ta  based on  ru les  used to  f i t  a 
best v is u a l line . T h e  p a ir  o f po in ts  re p rese n ting  the longest 
he a tin g  in te rv a l y ie ld in g  v ia b le  cu ltu re s  and  the  sho rtest 
he a tin g  in te rv a l y ie ld in g  com ple te k i l ls  are p lo tte d  on the  
lo g  io ax is  versus tem pe ra tu re , and a lin e  is d ra w n  between 
the  po in ts  ove r the  te m pe ra tu re  range. M o re  recent s tu d ­
ies ( P f lu g  et a l., 1953 ; R ead et a l ,  1966) u t il iz e  the  least 
squares techn ique  to  f i t  the  reg ress ion  o f lo g  i 0D  and 
lo g  i 0F  resp ec tive ly  versus tem pe ra tu re .

T h e  s ta tis tica l m e thod  em p loyed  in  th is  s tud y  w as least 
squares lin e a r f it ,  w h ic h  was fu r th e r  extended to  in c lud e  
certa in  p ro b a b ility  sta tem ents. F irs t ,  l im its  w e re  ca lcu la ted 
fo r  the lin e  so th a t the  tru e  the o re tica l lin e  w o u ld  fa ll 
between the bounds 95%  o f the  tim e . Z F and an ap p ro -

a )  . T e m p e ra tu re  ( X )  was m easured essen tia lly  w ith o u t
e rro r.

b )  . F o r  an y  tem pe ra tu re , the  possib le lo g  10F  ( Y )
va lues w e re  assum ed to  be in d e pen de n tly  and n o r ­
m a lly  d is tr ib u te d  w ith  m ean =  a +  ¿8 X  and  (t2s/x. 
A lp h a  (a )  is the  tru e  p o p u la tio n  in te rc e p t and j8 the 
tru e  p o p u la tio n  slope w h e re  X  represents tem pe ra ­
tu re  ( ° F ) .

c )  . T h e  va rian ce  o f Y t’s are the  same fo r  a ll va lues o f
tem p e ra :u re  ( X ) .

T a b le  2. T h e  a v erag e  value betw een lo n g est h e a tin g  in terv al 
sh ow ing  a t  lea st one viable cu ltu re (m in )  and sh o rtes t heating  
in terv a l show ing n o  v iable  reco v ery  cu ltu res (m in )  co rrected  fo r 
com e-up and cool-d ow n tim e.

Strain
Temperature (F°)

165 170 175 185
A la sk a 158.5 93.6 73.5 7.0

106.6 45.5 5.0

B e lu g a 111.0 23.7 2 .9
106.0 21.7 3 .9

8 E 141.8 21.2 2 .9
147.8 21.2 0.9

Iw an ai 72.6 9.8 3.0
78.6 15.8 3 .0
88.1

103.1

T en n o 136.1 31.5 12.2 2.0
115.1 24.0 21.2 5 .0
109.6 23.5



4 1 4 — JOURNAL OF FOOD SCIENCE— Volume 33 (1968)

A lth o u g h  the assum ptions m ay n o t e x a c tly  represent 
the  actua l s itu a tio n , the  tes t is enough fo r  m ost p ra c tica l 
purposes. T h e  reg ress ion  lines w e re  ca lcu la ted  fro m  the 
data in  T a b le  2. Z f va lues w e re  ca lcu la ted  b y  in v e r t in g  
the  lin e a r eq ua tion  slope b i (i.e . Z F =  1 /b i) .  T h e  estim ated 
equa tions are,

\  — b0 +  b j X
w h e re  b 0 =  the  estim a te  o f the  tru e  in te rc e p t a, 

b i =  the  estim ate o f the slope /3,
X  =  te m pe ra tu re  ( ° F )
Y  =  lo g  10F .

A p p ro x im a te  95%  confidence l im its  a ro un d  Z F w ere  ob­
ta in ed  by in v e r t in g  th e  lim its  ca lcu la ted fo r  b; as described 
b y  O stle  (1 9 6 3 ). These  lim its  are n o t sym m etrica l. T h e y  
do, how ever, g ive  an in d ic a tio n  o f the  v a r ia b il i ty  associated 
w ith  m ea su rin g  Z F.

D a ta  fro m  T a b le  2 w ere  used, as show n b y  O s tle  (1 9 6 3 ) , 
to  ca lcu la te  the  lin e a r reg ress ion lines and confidence in te r ­
vals. D a ta  po in ts  fro m  these lines  are presented, fo r  
convenience, in  ta b u la r fo rm  in  T a b le  3 tog e the r w ith  the 
confidence lim its  app licab le  to  each p o in t. F ro m  the  data 
presented, the  estim ated F 17G values fo r  d e s tru c tio n  o f 
a p p ro x im a te ly  1 X  106 type  E  spores pe r g ra m  o f fish  
w e re  fo r  s tra in  A la s k a , 34.2 m in ;  B e luga , 17.0 m in ;  8E ,
14.0 m in ;  Iw a n a i, 12.5 m in ;  and T e n n o , 13.2 m in .

I n  T a b le  4  are reco rded  the  Z f, the  in te rce p t, slope o f 
line , and the a p p ro x im a te  confidence in te rv a ls  a ro u n d  Z F, 
o f the  th e rm a l de a th -tim e  curves fro m  w h ic h  the  da ta  in  
T a b le  3 w e re  taken. T h e  95%  confidence in te rv a ls  are 

sm allest a t the p o in t ( X ,  Y )  X  mean, Y  m ean, because a 

te rm  used to  ca lcu la te  the  lim its ,  ( X 0 — X ) 2, becomes 

zero a t X 0 =  X .  T h e  lim its  are la rg e r as X „  becomes 

g re a te r o r  sm a lle r tha n  X .  V a lue s  o f X 0 used to  ca lcu la te

the  estim a ted  lin e  are the  same as those observed in  the 
exp e rim e n ts  a t 165, 170, 175 and 185°F .

T h e  coe ffic ien t o f d e te rm in a tio n  ( r 2) ,  p ro p o r t io n  o f the  
sum  o f squares due to  lin e a r regression, g ives an in d ic a tio n  
o f the  lin e a r ity  o f the data. F o r  the  five  sets o f da ta  r 2’ s 
ranged fro m  0.92 (T e n n o )  to  0 .99 (B e lu g a ) .  M o s t re p l i­
cate de te rm in a tion s  are in  close agreem ent.

C om parisons o f these data w ith  p re v io u s ly  pub lishe d  
resu lts  are d if f ic u lt  because o f the  p a u c ity  o f the  e a rlie r 
da ta and, as w e ll, d iffe rences in  the  substra tes and m ethods 
em ployed. M o s t o f the  e a rlie r in fo rm a tio n  is  presen ted 
in  the  fo rm  o f D  values ca lcu la ted f ro m  s u rv iv o r  curves 
ra th e r th a n  in  the  fo rm  o f the th e rm a l de a th -tim e  data 
presen ted here. F o r  com parison, w e used the  S c h m id t
(1 9 5 7 ) in te rco n ve rs io n  equa tion  fo r  ca lc u la tin g  D  f ro m  

FF  values, D  =  —,----- t— , ^  -  w h e re  A  is the  n u m b e r o f
lo g  A  +  2

spores in  the  in it ia l in ocu lum . A t  80 °C  ( 1 7 6 ° F ) ,  D  values 
in  o u r exp e rim e n ts  fo r  the s tra ins  tested w e re : A la ska , 
4 .3 ; B e luga, 2 .1 ; 8E , 1 .8 ; Iw a n a i, 1 .6 ; and T e n n o , 1.6 
m in . O u r  va lues w ere  n o t g re a tly  d iv e rg e n t f ro m  the 
decim al re d u c tio n  tim e  a t 8 0 °C  re p o rte d  by  O h ye  et al.

(1 9 5 7 ) o f 3.3 m in  fo r  th e ir  103 s tra in  ( th e  N a n a im o  
s tra in  iso la ted  b y  P ro f. D o lm a n ) ,  b u t d iffe re d  m a rk e d ly  
fro m  th e ir  D  va lue  o f 0 .4 m in  fo r  th e ir  108 s tra in  (a  R u s ­
sian iso la te  ob ta ined f ro m  D r .  K .  F . M e y e r ) .  O hye  et al.

(1 9 5 7 ) heated th e ir  suspensions in  M |1 5  phosphate b u ffe r  
a t p H  7.0 w ith  reco ve ry  in  p o rk  in fu s io n  th io g ly c o lla te  
s ta rch  agar incuba ted  fo r  2 weeks a t 25 °C . S ch m id t
(1 9 6 4 ) re p o rte d  a D i 7G va lue  fo r  the  M in n e a p o lis  s tra in  
heated and sub cu ltu red  in  tryp ticase -pep tone -g lucose  b ro th  
o f 1.8 m in  and fo r  suspensions trea te d  in  M |1 5  phosphate 
bu ffe r, p H  7.0, a va lue o f 2.3 m in . These values are s im ila r

T a b le  3. H e a t res is tan ce  of five stra in s o f C. botulinum  type E  spore suspensions in sealed tubes co n ta in in g  1.0 ±  0.1 g  of sterile  ground 
w hole vvhitefish chub seeded w ith ap p rox im ately  1 X  10° spores.1

Calculated F2 values and approximate 95% confidence limits around each value
Confidence Confidence Confidence Confidence Confidence

Strain F 163 limits F 170 limits F 175 limits F 180 limits F 1S3 limits

A lask a 233.6 1 2 6 .5 -431 .6 97.5 6 3 .4 -1 4 9 .9 40.7 2 8 .7 -5 7 .7 17.0 10 .5 -27 .4 7.1 3 .8 -13 .1
B e lu g a 114.8 88 .3 -149 .1 48.3 3 9 .0 -  59.3 20.3 17 .2 -23 .9 8.6 6 .9 -1 0 .5 3.6 2 .8 -  4 .7
8 E 160.9 7 2 .5 -3 5 6 .9 54.0 2 7 .5 -1 0 0 .0 17.2 10 .4 -28 .4 5.7 2 .9 -1 0 .7 1.8 0 .8 -  4.1
Iw an ai 81.1 6 3 .4 -1 3 0 .9 34.5 2 8 .0 -  50.0 14.8 12 .3 -18 .0 6.4 4 .9 -  8.2 2.7 2 .0 -  3 .8
T en n o 91.1 59 .1 -140 .5 37.9 2 7 .6 -  52.0 15.8 1 1 .5 -21 .6 6.5 4 .1 -1 0 .3 2.7 1 .5 -  5.0

1 D a ta  based on lin ear reg ressio n  and ca lcu lation  of confidence lim its  acco rd in g  to  O stle  (1 9 6 3 ) .
2 M in u tes of exp osu re n ecessary  to reduce the inoculum  in 10 tubes to  a  level n ot d etectab le  by our m ethods a fte r  6 m onths incubation .

T a b le  4. Z F, in tercep t, slope o f line, and ap p roxim ate  confidence in terv a ls  around Z F o f the th erm al d eath -tim e cu rve ca lcu lated  fo r  heat 
res is ta n ce  of five stra in s  of spores of Clostridium botulinum  type E . C om parison  w ith  previously  published Z values.

Approx. Previously published dataconfidence---------------------------------------------------
Strain bointercept bislope Zf(°F) intervals about 

Zf r2 Reference Suspendingmedium Z value
A lask a 14.8948 - 0 .0 7 5 9 13.2 10 .2 -18 .5 0.94 R o b e rts  et al. (1 9 6 5 ) W a te r 10.5
B e lu g a 14.4808 - 0 .0 7 5 3 13.3 11 .9 -15 .0 0 .99 R o b e rts  et al. (1 9 6 5 ) W a te r 9.5
8 E 18.2373 - 0 .0 9 7 2 10.3 8 .1 -1 4 .2 0.96 R o b erts  et al. (1 9 6 5 ) W a te r 7.4
Iw an ai 14.0777 - 0 .0 7 3 8 13.6 1 2 .0 -15 .6 0.98 R o b erts  et al. (1 9 6 5 ) W a te r 10.0
T en n o 14.5303 - 0 .0 7 6 2 13.1 1 0 .6 -17 .2 0 .92 S a k a g u ch i et al. (1 9 5 4 ) M 115 9.3

phosphate 
b u ffer 
p H  7.0



THERMAL RESISTANCE OF C L O S T R I D I U M  B O T U L I N U M  SPORES— 4 1 5

to  ou rs , except fo r  the  g re a te r resistance o f the  A la ska  
stra in .

O n  the o th e r hand , R o b e rts  e t  al. (1 9 6 5 ) re p o r t e s ti­
m ated D j-6 values fo r  fo u r  o f the s tra in s  s tud ied  b y  us as 
fo llo w s : s tra in  A la ska , 0.6 m in ;  B e luga , 0.75 m in ;  Iw a n a i,
1.0 m in ;  and 8 E , 0 .8  m in . T h e ir  suspensions w e re  heated 
in  w a te r and recovered  in  R e in fo rce d  C lo s tr id ia l A g a r  
( O x o id )  incuba ted  fo r  4 -5  days. S akaguch i et a l. (1 9 5 4 ) 
have re p o rte d  a D i 76 va lue  o f 0 .8 fo r  the  T e n n o  s tra in  
heated in  M |  15 phosphate b u ffe r, p H  7.0. S om ew hat lo w e r 
than  o u r resu lts , the  va lues o f R o be rts  et al. (1 9 6 5 ) and 
S akaguch i et al. (1 9 5 4 ) neverthe less show  a genera l p a t­
te rn  o f heat s e n s it iv ity  as com pared w ith  the  w id e ly  
accepted heat resistance o f types A  and B .

O ne o f the  a u tho rs  (P e e le r)  considered a m athem atica l 
m odel suggested to  e x p la in  the  F - D  in te rco n ve rs io n . T h e  
in tr in s ic  va lue  o f the  equa tion  appears to  be adequate ly  
bo ls te red  b y  the  in te rco n ve rs io n  suggested by  S chm id t
(1 9 5 7 ) whose eq ua tion  was ob ta ined  f ro m  e xp e rim e n ta l 
data. F u r th e r ,  th is  equa tion  m ay e x p la in  the  presence o f 
skips and the  necessity fo r  th e ir  in c lus ion  in  the rm a l-d e a th  
data.

Severa l assum ptions are necessary to  develop the  re ­
q u ire d  m a them atica l re la tio n  betw een D  and F  values. 
F irs t ,  w e  assume th a t the  death ra te  is lo g a r ith m ic  ove r 
the  range o f o u r exp e rim e n t. Second, w e assume th a t 
o rgan ism s w ith in  a tube  a re  P o isson d is tr ib u te d  in  the  
reg ion  o f the  endpo in t. A lth o u g h  the tru e  average concen­
tra t io n  (A ) ,  o rgan ism s p e r g ra m , m ay be 0.5 (i.e ., 5 
v iab le  o rgan ism s d is tr ib u te d  ove r 10 tu b e s ), one tube 
m ig h t con ta in  fo u r  o rgan ism s w h ile  o thers  m ay have th ree , 
tw o , one, o r none. T h is  can be expressed as fo l lo w s :

Ax e~* A >  0
x =  0 , 1 , 2 , . . . [ 1 ]P r ( x )

A =  expected n u m b e r o f o rgan ism s pe r tube, 
x  =  nu m be r o f o rgan ism s in  the  tube.

T h ird ,  w e  assume th a t rea c tion  o f o rgan ism s to  heat is 
independent, tube  to  tube. T h u s , the  p ro b a b ility  th a t k  o u t 
o f n  tubes show  no g ro w th  is g ive n  to  the  b in o m ia l d is t r i­
bu tion .

p r ( k ) =  k P r ( x  =  0 ) 1 - P r ( x  =  0 )

k =  0 ,1 , . . . n [2]

k  =  nu m be r o f tubes sho w in g  no g ro w th  
n =  n u m be r o f tubes

P r ( x  =  0 )  =  P ro b a b ility  th a t no o rgan ism s su rv ive  
w ith in  a tube.

T h e  re q u ire d  p ro b a b ility  o f x  =  0  fo r  a s ing le  tube is 

p r ( x  =  0 ) = e ' x [3 ]

C onsequently , l - e " x w i l l  be the  p ro b a b ility  th a t a tube 
has one o r m ore  o rgan ism s.

N o w , le tt in g  k  =  10 and n  =  10 w e can ob ta in  (4 )  
f ro m  ( 2 ) ,  w h ic h  re la tes the  p ro b a b ility  th a t a ll 10 tubes 
are nega tive  to  the  con cen tra tion  o f A organ ism s per g ram .

P r ( k  =  10) =  [  e x ] “  [4 ]

T ab le  5 ind ica tes the  p ro b a b ility  th a t a ll 10 tubes show  
no g ro w th  re la ted  to  7 concen tra tions.

O ne can see th a t be lo w  A =  0.1, he a tin g  in te rv a ls  re s u lt­

T a b le  S. P ro b a b ility  th a t a ll 10 tubes w ill show  n o g row th  
w hen A organ ism s per g ram  a re  p resen t in the sam ple.

Heatinginterval(min)1

Average concentration (organisms per gram)
X

Probability that all 10 tubes are negative
t 1 . 0 0 0 4 . 5 4  X  1 0 - *

t —(— Ci 0 . 5 0 0 6 . 7 4  x  1 0 - 3

t  +  C : 0 . 1 0 0 0 . 3 6 8

t  +  o 0 . 0 5 0 0 . 6 0 7

t  +  C.i 0 . 0 1 0 0 . 9 0 5

t  +  C s 0 . 0 0 5 0 . 9 5 1

t  - j -  Co 0 . 0 0 1 0 . 9 9 0

1 1 =  tim e in m in up to  the po in t w here A =  1.000. 
c ,  =  the additional in crem en t o f tim e in m in. 
t +  Co =  defined as end point, F  =  D  L o g «  A  +  3.

in g  in  a com p le te ly  nega tive  series o f reco ve ry  tubes are 
lik e ly  to  occu r be fore the  la s t he a tin g  in te rv a l sho w in g  
v ia b le  cu ltu res . These in te rv a ls  are o fte n  re fe rre d  to  as 
“ sk ips .”  T h u s  an end p o in t based on  th a t he a tin g  in te rv a l 
re s u lt in g  in  p o s itive  tubes a fte r  severa l such sk ips m ay be 
q u ite  v a lid  do w n  to  A =  0.001 o r  even lo w e r. A t  
A =  0.001, how ever, the re  is o n ly  one chance in  a hu nd red  
th a t any p o s itive  tubes w i l l  occu r in  a series o f 10 tubes.

W e  can thus  define th is  as o u r end p o in t and the  tim e  
to  reach A =  0.001 as o u r  F  value. I f  n  (n u m b e r o f 
tub es) w e re  equal to  one h u n d re d  o r  one thousand, A cou ld  
be expected to  be lo w e r and F  som ew hat la rg e r be fore  
a ll tubes show  nega tive  resu lts . T h is  m eans th a t a d ro p  
o f 2  o r 3 lo g  cycles be low  1 co u ld  occu r be fore  the  chance 
o f de tec ting  g ro w th  becomes sm a ll. T h e re fo re , w e  can 
suggest the  fo llo w in g  re la tio n  betw een F  and D .

D  =  O o g io A  +  3 ) [5 ]

T h is  re la tio n  between F  and D  is essen tia lly  the  same as 
th a t de te rm ined  e x p e r im e n ta lly  b y  S c h m id t (1 9 5 7 ).

O u r  Zf values ge n e ra lly  fa ll in  the  range o f 10.1 to  13.6 
w h ic h  is som ew hat h ig h e r th a n  th a t o f R o be rts  e t al.
(1 9 6 5 ) . T h e  excep tion  is o u r  A la s k a  s tra in  suspensions 
in  w h ic h  o u r lo w e r confidence l im it  fo r  Z f o f 10.2 o v e r­
laps th e ir  va lue  o f Z  =  10.5. Z F =  Z D us in g  a convers ion  
fa c to r o f S c h m id t (1 9 5 7 ) i f  w e assume lo g i0 A  is  constan t 
fo r  a ll expe rim en ts . O u r  values, on the  o th e r hand, are 
lo w e r tha n  the Z D va lues o f 17 and 14 ca lcu la ted  f ro m  the 
da ta  o f O h ye  et al. (1 9 5 7 ) fo r  th e ir  s tra in s  103 and  108, 
respective ly , and lo w e r th a n  th e  14 and 15 re p o rte d  by 
S ch m id t (1 9 6 4 ) fo r  the  M in n e a p o lis  s tra in  heated in  
tryp ticase -pep tone-g lucose  m ed iu m  and M 1 15 phosphate 
b u ffe r, respective ly . These d iffe rences m ay re fle c t som e­
w h a t the  d iffe rences betw een th e ir  m ethods and o u r 
m e thod  o f he a tin g  in  f is h  paste and re co ve ry  a fte r  lo n g  
in cu b a tio n  in  a com p le x  m eat m ed ium .

I n  the  p resen t s tud y  extended in cu b a tio n  ove r a 6 -m o n th  
p e rio d  revealed a considerab le n u m b e r o f re co ve ry  cu ltu re s  
sho w in g  g e rm in a tio n  and o u tg ro w th  and subsequent to x in  
p ro d u c tio n  by  v iab le  spores, m any o f w h ic h  had the  effect 
o f a lte r in g  the  v ia b i l i t y - k i l l  end po in ts . These are presented 
in  T a b le  6. E x te n d e d  in cu b a tio n  w as e v id e n tly  bene fic ia l 
in  a sce rta in ing  the  va lues re p o rte d  here, and i t  is  possib le 
th a t fu r th e r  changes m ay  have taken  place w ith  even 
lo n g e r in cu b a tio n  pe rio ds  had the tim e  and fa c ilit ie s  fo r
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T a b le  6. In cre a se s  in the v ia b ility -k ill end points a fte r  7 days 
incu bation a t  3 0 ° C  observed d uring exten d ed  incu bation of recov ery  
cu ltu res a t 25 °C  ov er a  6 m onth period.

Testtemperature(°F)
Type E strain Incubation time (days)

Heatinginterval(min)

Number of heating intervals in­crease in end point
165 B elu g a 1 5 0 -1 8 0 5 2

Iw an ai 7 -3 0 7 1
120-150 8 1

T en n o 7 -3 0 , 9 0 -1 2 0 6 1, 4 ( sk ip)

170 A lask a 7 -3 0 10 1
9 0 -1 2 0 6 1

T en n o 6 0 -9 0 2 1
9 0 -1 2 0 2 2

9 0 -1 2 0 , 120 -150 1 1, 1

175 A lask a 6 0 -9 0 , 1 50 -180 7 L  1
B e lu g a 3 0 -6 0 , 6 0 -9 0 6 1 ,1
Iw anai 1 20-150 2 1
T en n o 6 0 -9 0 3 1

150-180 3 2
8 E 7 -3 0 3 5

9 0 -1 2 0 3 1

185 A lask a 7 -3 0 1 3
6 0 -9 0 1 1

c a rry in g  them  o u t been ava ilab le . C once ivab ly  a recovery  
system  such as ou rs  in  w h ic h  a sizable p o r tio n  o f inocu la ted  
n a tu ra l foo d  is p laced in  a recove ry  m ed iu m  com posed 
la rg e ly  o f m eat m ay  w e ll con ta in  g e rm in a tio n  in h ib ito rs  
th a t m ake extended in cu b a tio n  necessary. T h e  end po in ts  
observed are lik e ly  to  re fle c t the  sum  to ta l o f n u trie n ts , 
in h ib ito rs , etc. p resent in  a recove ry  system .

T h e  Z D values re p o rte d  by  S c h m id t (1 9 5 7 ) fo r  spores 
are a p p ro x im a te ly  18 ±  2 ( fo r  the te m pe ra tu re  range 220 
to  2 7 0 ° F )  and fo r  vege ta tive  cells 10 ±  2 ( fo r  the  te m ­
p e ra tu re  range 130 to  1 5 0 °F ). W e  ob ta ined  Z D values 
between 10 and 18 fo r  the  te m pe ra tu re  range 160 to  1 8 0°F  
w h ic h  is in te re s tin g  because the y  fa l l  be tw een the values 
rep o rted  fo r  the  tem pe ra tu res  at w h ic h  vege ta tive  ce lls  and 
spores w e re  tested. T h u s  o u r Z D values tend  to re in fo rce  
som ewhat the  com m on im press ion  th a t the  heat resistance 
o f typ e  E  spores is g re a te r tha n  vege ta tive  ba c te ria l cells 
and less th a n  the spores o f C . b o tu lin u m  types A  and B  
and  P A 3 6 7 9 .

O u r  da ta  fo r  the m ost res is tan t s tra in , A la ska , ind ica te  
th a t a t 1 8 0°F  1 X  106 spores o f any o f the  five  s tra in s  o f

C . b o tu lin u m  w e s tud ied  w o u ld  be k il le d  in  a p p ro x im a te ly  
17 m in , p ro v id e d  th a t the  spores a re  p roduced  and sub ­
je c te d  to  con d itions  o f w a te r a c t iv ity ,  lo w  sa lt con ten t, etc., 
app roach ing  those present in  the  c u rre n t exp e rim e n ts .
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SUMMARY—Twenty-four w eanling pigs w ere infested with 
Trichinella spiralis, by dosing with trichina larvae. The hogs 
w ere raised to m arket w eight and slau ghtered . Lean sam ples 
from each ham and shoulder w ere d igested  in a pepsin-HCI 
solution and m icroscopically exam ined. The sam ples contained 
respectively an average o f 192 and 175 larvae per gram .

The hams and shoulders w ere dry-cured for 2 days per 
pound, using 8 pounds o f cure per 100  pounds of m eat.
The mixture contained  salt, sugar, potassium nitrate, and 
sodium nitrite. A fter being cu red , the m eat was hung for 
3 0  days for salt equ alization , rinsed, allow ed to dry, smoked 
for approxim ately 2 4  hr at 9 0  to 1 0 0 °F , and aged  at 7 5 °F .

Cores w ere taken from randomly selected  hams and 
shoulders at w eekly intervals and analyzed for salt and 
moisture while part was d igested  and exam ined for live 
trichinae. Live trichinae persisted through the curing and 
salt equalization periods but began  to b e  reduced in num ber 
after one w eek o f aging. Sam ples taken from hams and 
shoulders aged  for on e month w ere found to b e  void of 
any live trichina larvae.

M eat from similar sam ples was force-fed  to rats for 5 days. 
A fter 8 w eeks the rats w ere sacrificed and the carcasses di­
gested  and exam ined. No trichina larvae w ere found.

INTRODUCTION
Co n sid e r a ble  in t e r e s t  has been developed in the 

Southern United States in the production of quick-aged 
country-style hams. According to Kemp et al. (1961), 
Christian (1962), Cecil and Woodroof (1954) and Hunt 
et al. (1939) hams aged for 3 to 6  months under environ­
mentally controlled temperatures and humidity were com­
parable to regularly aged hams which had been held for 
one year.

W ith the increased use of this accelerated method of 
aging dry-cured hams a new look must be taken at the 
federal regulations governing the processing of dry-cured 
hams to destroy trichinae. Present regulations designed to 
kill trichinae in dry-cured hams are based on work reported 
by Ransom et al. (1920) and are not conducive to the 
production of a uniform high quality product.

This project was designed to test the effect of salt 
concentration and aging time on the viability of trichina 
larvae in dry-cured hams and shoulders and to evaluate a 
method of curing and aging which will produce a high 
quality product, free from disease-producing trichinae.

MATERIALS AND METHODS
T w e n t y - four  w e a n l in g  pigs were infected with trichi­

nae by orally dosing each with approximately 2 0 , 0 0 0  

excysted larvae obtained by artificial digestion of infested

* P resen t a d d re ss : R alston P u rin a  Company, St. Louis, Mo. 
63199.

rats. The hogs were raised to an average market weight 
of 204 lb and slaughtered. The hams and shoulders were 
removed from each carcass, individually identified, and 
a fresh lean sample obtained from each for total larvae 
count determination. They were then dry-cured for 2 
days per pound at 36°F, using 8  pounds of cure per 100 
pounds of meat. The curing mixture contained 73.6% 
salt, 24.5% sugar, 1.2% potassium nitrate and 0.6% sodium 
nitrite.

After curing, the meat was hung for 30 days at 36° F 
to allow for salt equalization. After that the hams and 
shoulders were soaked for 30 min in lukewarm water and 
scrubbed free of any mold on the surface, allowed to dry, 
and then were smoked at 90 to 100°F for approximately 
24 hr. They were then placed in an aging room and aged 
at 75 °F with a relative humidity of 60 to 65% until the 
trial was terminated.

Randomly selected hams and shoulders were cored as 
illustrated in Figs. 1 and 2 at 10 different intervals during 
the curing process. These intervals consisted of removal 
from cure, one week salt equalization, 2  weeks salt equali­
zation, 3 weeks salt equalization, before smoking, after 
smoking, one week aging, 2 weeks aging, 3 weeks aging,

The core holes were filled with melted lamb fat to pre­
vent excessive moisture loss and to prevent mold growth. 
A one-inch section was removed from the exterior of each 
core and discarded.

The remainder was defatted and analyzed for salt and 
moisture and a portion artificially digested to determine the 
number of live trichina larvae. The larvae were excysted 
for counting by placing 25 g of defatted finely chopped 
meat in a quart mason-type jar and adding 50 ml granu­
lated pepsin, 8  ml concentrated HC1 and 700 ml tap water. 
The containers were then incubated in a hot water bath 
at 37°C and agitated with air for 12 to 16 hr.

After removing from the incubator the jars were allowed 
to sit 30 min at room temperature to allow the excysted 
larvae to settle to the bottom. Approximately two-thirds 
of the solution was carefully siphoned off the top and the 
jar filled with warm tap water.

After the solution had settled for 30 min, the top 
two-thirds was siphoned off and the remaining solution 
which contained the larvae was transferred to 400-ml 
beakers. The solution was again allowed to settle for 15 
to 2 0  min and the water carefully siphoned off, leaving 
approximately 25 ml of water containing the larvae. This 
solution was then transferred to a 25-ml volumetric flask 
and brought to volume.

To determine the number of larvae per g of meat, the 
volumetric flask containing the larvae was vigorously 
shaken to distribute the larvae evenly throughout the
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Fig. 1. Method of coring hams.

flask. A one ml aliquot was quickly withdrawn from the 
center of the flask and placed on a gridded glass plate. The 
larvae were then counted from three or more aliquots 
under a dissection microscope, using 1 0 - to 2 0 -power mag­
nification.

Percent salt was determined by accurately weighing a 
lean sample of approximately 15 g and blending in a W ar­
ing Blendor with 150 ml distilled water for 3 min. The 
mixture was then filtered and the filtrate stored in 4-ml 
vials. Samples were analyzed on a Technicon Autoanalyzer 
according to an automated procedure of Zall et al. (1956). 
Moisture was determined by standard A.O.A.C. (1960) 
procedures.

Fig. 2. Method of coring shoulders.

RESULTS AND DISCUSSION
A nalysis of fresh samples of meat taken from each 

ham and shoulder showed an average of 192 and 175 
trichina larvae per g of tissue respectively.

The mean values and standard deviations for percent 
salt and water, the water-salt ratio, and live trichinae per 
g muscle for the different sampling periods are given in 
Tables 1 and 2.

The viability of the larvae was not affected by salt con­
centration in the interior of the hams and shoulders during 
the 60 days of curing and salt equilization. In many in­
stances, the number of live larvae during these periods was 
higher than those found in the fresh samples. This increase

T a b le  1. M ean  values and standard  deviations fo r  ham  sam ples.

No.tested
Percentwater

Percentsalt
Water/saltratio

Live trichinae per gram muscle
Period S.D. S.D. S.D. Range Mean S.D.

O u t o f cure 8 70.5 1.0 0.7 0.3 116 3.4 2 8 -2 9 8 180 86
1 w eek sa lt equalization 8 70.5 1.4 1.0 0.2 66 8.8 3 -3 7 9 186 112
2 w eeks sa lt equalization 8 69.1 2.1 l . i 0.3 66 18.7 7 1 -4 3 4 241 111
3 w eeks salt equalization 8 68.7 2.2 1.0 0.3 66 22.4 0 -431 149 153
B e fo re  sm oking 8 69.5 2 .2 1.7 0.5 42 13.1 0 -4 4 0 159 362
A fte r  sm oking 8 68.4 1.5 2.1 0.7 36 12.2 0 -2 5 9 140 103
1 w eek ag in g 2 70.3 0.5 2.1 0.1 33 0.6 2 5 -  75 50 35
2 w eeks ag in g 8 67.6 2 .0 2.5 0.6 28 5.7 0 -  75 34 35
3 w eeks ag ing 1 67.0 2 .9 23 25
4 w eeks ag in g 37 66.5 1.9 3.3 0.5 20 3.5 0 0 0

T a b le  2. M ean  values and standard  deviations fo r  shoulder sam ples.

Period No.tested Percentwater S.D. Percentsalt S.D.
Water/saltratio S.D.

Live trichinae per gram muscle
S.D.Range Mean

O u t of cu re 8 70.8 1.1 1.3 0.5 61 22.5 1 -515 226 170
1 w eek sa lt equ ilization 8 69.8 1.3 1.9 0.8 42 16.8 < 1 - 4 3 0 215 126
2 w eeks sa lt equ alization 8 68.8 0.6 2.8 2.0 26 8.1 < 1 - 3 9 5 152 122
3 w eeks sa lt equalization 8 68.4 2.1 2.6 0.8 28 7.1 0 -1 8 7 114 62
B e fo re  sm oking 8 68.4 1.6 2.6 0.7 27 10.3 1 -232 110 83
A fte r  sm oking 8 67.8 2.0 2.8 0 .7 26 7.5 < 1 - 1 3 2 58 38
1 w eek ag in g 3 64.2 1.5 3.4 0.3 19 2.0 0 -  75 33 35
2 w eeks ag in g 8 63.5 2.2 3.6 0.7 18 3.7 0 -  25 10 9
3 w eeks ag ing 2 64.7 0.2 4.2 1.3 16 0.3 3 -  4 4 < 1
4 w eeks ag ing 35 62.7 2 .7 4 .4 0.7 15 2.6 0 0 0
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Fig. 3. L ive trichinae excysted from pork muscle. X  27.

was most likely owing to the variation of infection in the 
different muscles by the larvae.

As indicated by Allen et al. (1962), Ransom et al.
(1920) and Zimmerman (Personal Communication, 1965) 
these low temperatures do not appreciably decrease the 
viability of the larvae regardless of the salt concentration.

Shoulder samples taken after smoking showed a marked 
decrease in the number of live trichinae, while this decrease 
was not evident in the hams until one week later.

During smoking the hams and shoulders were subjected 
to temperatures between 90 and 100°F for 24 hr which 
gradually increased the internal temperature of the meat. 
Although there was a slight increase in percent salt, owing 
to loss of water, the marked decrease in number of live 
larvae after smoking was presumably due to the increased 
temperature or a combination of salt and temperature. 
While the decrease in the number of live larvae in the 
hams was not evident until one week after smoking, this 
may have been due to the lower internal temperature 
attained during smoking because of the greater thickness 
of the hams.

Trichinae larvae excysted from ham and shoulder sam­
ples from the periods prior to smoking were similar to 
the coiled larvae shown in Fig. 3. Immediately after 
digestion and washing in warm water, the larvae were 
quite active. When the larvae were allowed to cool they 
became tightly coiled and inactive, but when warmed to 
body temperature, they became active again.

Excysted larvae from samples taken after smoking were 
weak and had very little movement after digestion. Many 
of the larvae were coiled and could not be activated by 
using warm water or digestive fluid. The larvae were 
much paler than those of earlier periods. Also many were 
in the shape of a figure “6 ” as described by Ransom et al. 
(1920) and shown in Fig. 4. Meat samples from these 
hams and shoulders were fed to rats which all became 
heavily infected with trichinae.

Fig. 4. Dead, trichinae excysted from dry-cured hams and shoul­
ders. X  27.

The larvae became increasingly more dehydrated and 
degenerated during the latter part of aging. At 2 and 3 
weeks of aging they were very weak. They were not 
tightly coiled, and none could be activated after coiling. 
Light infections were found in 8  out of 12 rats fed meat 
from hams and shoulders that had been aged for 2 or 3 
weeks. After 4 weeks of aging, a total of 72 hams and 
shoulders were sampled, and no live or coiled larvae 
were found in the digested samples. The fluid did contain 
many pale fragments of digested larvae which were ex­
tremely dehydrated and degenerated. Meat samples were 
fed to 45 rats of which all were found to be free of trichinae 
larvae when examined.
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SUMMARY—The mutation or variation of a strain o f Asper­
gillus flavus was induced chem ically after six successive " g e n ­
era tio n s" of exposu res to  barium ions. C olony isolates of 
A . flavus, d eveloping from spores harvested from cultures 
grown in barium medium, w ere exam ined for mutation on the 
basis of m orphology, loss of aflatoxin-producing capacity , and 
loss of ability to grow  in basal medium. The new characteris­
tics exhibited  by th e mutant of A . flavus are the inability 
to produce aflatoxins and yellow  pigm ent, accom panied by 
the loss of flu orescen ce in the culture under ultraviolet light. 
These ch anges did not revert after m ore than eight successive 
transfers in a barium -free medium. M utagenic action of barium 
ions on the fungus A. flavus was shown by the mutatation of 
co lonies arising from single spores. The characteristics of the 
mutant are perm anent and irreversible.

INTRODUCTION
C o n s id e r a b l e  i n f o r m a t i o n  is available concerning the 

role of metals in the growth of fungi (Steinberg, 1956). 
Specific effects of metals on form development have been 
observed in various microorganisms (Nickerson, 1956). 
Chemically induced mutation was obtained by successive 
cultivation of Aspergillus niger in media containing metals 
(Yamagata et al., 1956). It was suggested that the molds 
present two possibilities for attack (Thom et al., 1939) :
(1) The spores or propagative cells may be treated, then 
inoculated into basal medium; (2) New mold colonies may 
develop from vegetative mycelia growing in medium con­
taining chemical mutagen. From such colonies either 
spores or vegetative mycelia may be transferred to basal 
media. If mutation or variation occurred, the changes 
would appear in the new colony and could be carried 
through subsequent generations. In this study, the latter 
alternative was chosen for the chemically induced mutation 
of Aspergillus flavus.

Lee et al. (1966) showed that barium ions inhibit the 
production of aflatoxins by A . flavus. To ascertain whether 
this barium effect on A . flavus is temporary or permanent, 
the variability of several generations of barium treated fun­
gus was observed. Schwartz et al. (1966) suggested three 
methods of assessing mutagenic action on molds : (1) Mor­
phological variation; (2) Lack of ability to synthesize cer­
tain end-products, and (3) Nutritional mutants, i.e., mu­
tants that are incapable of growing on basal medium.

The latter two of these methods are considered to be 
more objective and reliable in determining the degree of 
mutation.

Since the mutants of barium treated A . flavus did not 
show either morphological variation or incapability of 
growing on basal medium, each population of colonies was 
assessed for the presence of mutations on the inability to 
synthesize aflatoxins and other end-products.

MATERIALS AND METHODS
Organism and assays

The A. flavus parent culture and the chloroform extracts 
for aflatoxin assays were prepared as previously described 
by Lee et al. (1966).

A uniform suspension of spores from the original stock 
culture of A . flavus was prepared by suspending one inocu­
lating platinum loop, 3 mm in diameter, of spores in 10 ml 
of sterile 0.01% of sodium lauryl sulfate solution. This 
suspending medium has no apparent harmful effect upon 
the molds under study. The resulting suspension was sub­
sequently mixed in an Adams cyclomixer and diluted seri­
ally twice in sterile water, 1/10, v/v. From the highest 
dilution, one loop of spore suspension was examined under 
the microscope. Of the many repeated examinations, an 
average of 30 to 40 single spores per loop could be detected. 
Very rarely were spores found in pairs.

From this final spore suspension, a loop of single spores 
was plated out on an agar medium. After 24 hr of incuba­
tion at 35°C, approximately ten germinated single spores 
were picked randomly from each plate and transferred to 
separate agar slants for further growth and sporulation at 
25°C for 5 days. All the single-spore cultures, including 
controls, were handled the same way.

Media and cultures

The solid medium used for isolation and sporulation of 
single spores of A. flavus contains, per liter, glucose, 165.0 
g; B acto -P ep to n e , 1.0 g ; M gS 0 4 -7H 2 0 ,  0.050 g; 
K H 2 P 0 4, 0.060 g; K N 0 3, 0.500 g; Fe2 ( S 0 4 ) 3 -nH 2 0 , 
0.040 g ; and agar 30.0 g.

A total of 100 single spores, designated as culture “A,” 
were isolated at random from the original stock culture. 
Each of the subsequent single-spore colonies was sub­
cultured to 50 ml of basal medium contained in a 250-n:l 
Erlenmeyer flask and was incubated under stationary con­
ditions at 25°C. Each flask was shaken by hand once a 
day. Aflatoxins were assayed after 7 days.

From culture “A,” two single-spore colonies originally 
producing 1.0 to 1.5 OD (chloroform extract measured at 
wavelength 362 m/i) units of aflatoxins per ml of unfiltered 
basal medium were taken and labelled “B” and “C.” Both 
of these colonies were transferred into barium media. After 
each transfer to barium medium, 1 0 0  single spores were 
isolated randomly from each of the progenies of the two 
single-spore “B” and “C.” Growth and aflatoxin determi­
nation were carried out as described previously. Thus, 
successive exposures of the progenies to the barium from 
two separate single spores, “B” and “C,” continued until 
1 0 0 % mutants were obtained.
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The techniques used to inhibit aflatoxin production, by 
the addition of barium ions as barium carbonate to the low 
zinc (0.8 ppm) basal medium containing 0.5 to 1.0 mg 
of barium acetate, were identical to those previously de­
scribed (Lee et at, 1966). A total of 1 to 2 g of barium 
carbonate per 1 0 0  ml of medium was added in aliquots of 
0.75 g every 24 hr after germination of the conidia. The 
conidia from the barium-treated cultures were inoculated 
into the basal medium and the low zinc medium containing 
barium ions. The basal medium sub-culture was used to 
determine whether or not the organism was able to recover 
its ability to produce aflatoxins. These transfers were re­
peated for more than eight “generations.” The term “gen­
eration” is considered as from spore germination through 
vegetative mycelial development to spore production 
(Thom et al., 1939. p, 331). All transfers were duplicated.

RESULTS AND DISCUSSION
A. flavus lost its ability to produce aflatoxins and the 

yellow pigment after it had been subjected to barium 
treatment for six successive “generations” or more. Fig. 1 
shows the aflatoxin absorption peak from chloroform ex­
tracts of A . flavus cultured in a basal medium as compared

F ig . 1. A b s o r p t io n  s p e c tr a  o f  c h lo ro fo rm  e x tr a c ts  f r o m  v a r io u s  
c u ltu re s  o f A spergillus flavus.

to the absence of this component in the extract of the 
mutant cultured in the same medium.

The absorption of the chloroform extracts from the
A . flavus mutant did not show the “characteristic plateau” 
at wavelength 262 m/x, as was always present in the extract 
from A. flavus which was exposed to barium for the first 
time. There was a slight variation, however, in the number 
of repeated barium treatments required for a complete 
transformation. Generally, at least six or more “genera­
tions” of barium treatments were required. The ability to 
produce aflatoxins was lost about one “generation” earlier 
than that of the yellow pigment. Once the yellow pigment 
and the absorption “characteristic plateau” of the chloro­
form extract at 262 mg. were not observed from the culture 
grown in a basal medium, the culture had achieved its 
stable and complete transformation.

There was no difference in the visible morphology be­
tween the aflatoxin-producing A . flavus and its mutant 
when both were grown in a barium-free medium. How­
ever, it was observed microscopically that the mycelia were 
smoother and more elongated for the A . flavus, both the 
parent and the mutant, grown in the presence of barium 
than those grown in a barium-free medium as shown in 
Figs. 2 and 3.

In the early stage of growth (24 hr incubation at 25°C) 
the mycelia in barium-free medium were as smooth and 
elongated as those in barium medium. After three to four 
days the morphology of the mycelia in barium-free medium 
changed to nodular, vacuolar, and budding, but those in 
barium medium remained unchanged. Upon the addition 
of barium carbonate, white crystals of unknown composi­
tion accumulated on the mycelium during incubation. From 
these observations, barium may have the ability to preserve 
the young morphology of the mycelia, possibly by precipi­
tating or neutralizing certain toxic substances which may 
cause the change in morphology of the older cultures.

Under ultraviolet light the parent aflatoxin-producing
A. flavus culture was strongly fluorescent in comparison to

F i g .  2 .  M y c e l i a  o f  A sp e rg illu s  flavus g r o w n  f o r  4  d a y s  a t  2 5 ° C
i n  a  b a r i u m - f r e c  s t a n d a r d  b a s a l  m e d i u m  ( m y c e l i u m  d i a m e t e r  6  t o

7 . 5  g ) .
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Fig. 3. Mycelia of A s p e r g i l l u s  f l a v u s  grown for 4 days at 25°C 
in a standard basal medium containing barium ions (mycelium 
diameter 6 to 7.5 g).

the absence of fluorescence in the mutant culture as shown 
in Fig. 4. The degree of fluorescence was proportional to 
the amount of yellow pigment and aflatoxins produced.

In order to demonstrate that mutation was induced 
chemically in a pure culture, the effect of barium ions on

aflatoxin production by the progeny of a single spore was 
performed. Table 1 shows the effect on aflatoxin produc­
tion of successive transfers of A. flavus to barium medium.

The number of individual spores producing aflatoxins 
within a population of 1 0 0  single spores selected at random 
was proportionally decreased with the increased number of 
successive transfers to medium containing barium ions. 
Culture “A” was a group of single spores selected at ran­
dom from the original stock culture to serve as control in 
producing aflatoxins after many transfers in a basal me­
dium, under similar conditions as those of cultures “B” and 
“C.” Cultures “B” and “C” were obtained from two sepa­
rate single spores among the 1 0 0  single spores of culture 
“A ,” as indicated in Table 1. The first transfer of “B” 
to barium medium did not induce any mutants among the 
100 single spores selected at random. However, upon the 
second transfer to barium, one spore of the 1 0 0  single 
spores selected at random was mutated. A t the end of 
the third transfer, the rate of mutation increases by 
about 20 times that of the second transfer. The number 
of mutants obtained from each subsequent transfer was al­
most doubled from the last “generation.” Finally, at the 
sixth transfer, mutation was found to be 1 0 0 % in the 
population of culture “B.”

T a b l e  1. 
in g  B a ++.

E f f e c t  o n  a f l a t o x i n  p r o d u c t i o n  o f s u c c e s s iv e t r a n s f e r s  o f p r o g e n ie s  f r o m  a  s in g l e  s p o r e  o f  A. flavus t o  b a s a l m e d iu m  c o n t a i n -

Groups of 
100 single spores

No. of spores producing aflatoxins (O.D. at 362 m¡L per ml)
No. of transfers Metal 0.0 0.05 0.1 0.1-0.5 0.5-1.0 1.0-1.5 1.5-2.0 mutated

N o n e N o n e A 1 19 80 i 0

N o n e A 20 78 2 0

1
B a r i u m

B 15 85 0

C 13 8 6 1 0

N o n e A 25 75 0

2 2
B a r i u m

B i 9 6 3 1

C 90 10 0

N o n e A 8 9 2 0

3
B a r i u m

B 23 2  63 12 23

C 1 7 92 0

N o n e A 10 8 9 1 0

4
B a r i u m

B 6 4 10 2 2 22 6 4

C 4 2 58 0

N o n e A 2 98 0

5
B a r i u m

B 85 13 2 85

C 5 5 8 3 7 0

N o n e A 11 89 0

6
B a r i u m

B 100 1 0 0 “

C 3 9 0 7 3

N o n e A 15 85 0

7 B a r i u m C 2 8 6 8 4 2 8

1 A .  G r o u p  o f  s in g l e  s p o r e s  s e le c te d  a t  r a n d o m  f r o m  o r i g i n a l  s t o c k  c u l t u r e .
B  a n d  C . T w o  s e p a r a t e  g r o u p s  o f  s in g l e  s p o r e s  r e p r o d u c e d  f r o m  tw o  in d iv id u a l  s in g le  s p o r e s  o f  g r o u p  “ A ”  b e f o r e  B a +t t r e a t m e n t ,  

t h e  p r o g e n i e s  o f  e a c h  o f  t h e s e  t w o  s in g l e  s p o r e s  a r e  c a p a b le  t o  p r o d u c e  a f l a t o x i n e  O .D .  f r o m  1 .0 -1 .S a t  3 6 2  m M p e r  m l o f  m e d iu m  a f t e r '  
7  d a y s  s t a t i o n a r y  i n c u b a t i o n  a t  25  ° C .

• C u l t u r e s  a s s a y e d  f o r  a f l a t o x i n s  a t  10 d a y s  o ld .
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Fig. 4. Difference between parent and mutant A s p e r g i l l u s  f l a v u s  
in fluorescence under ultraviolet light.

Fig. 5 sums up the entire process of mutation induced 
chemically in the progenies of a single spore “B.”

As indicated in Table 1, culture “C” reacts to barium 
treatment somewhat differently from that of culture “B.” 
No mutants were found after as many as five transfers. 
However, at the end of six transfers, three non-aflatoxin 
white mutants were detected among the 1 0 0  single spores 
selected at random. By the end of the seventh transfer, 
the percentage of non-aflatoxin-producing spores was in­
creased from 3% to 28%. The whole population was even­
tually changed accordingly to non-aflatoxin-producing mu­
tants upon the tenth successive subsequent exposures to 
medium-containing barium ions (not shown in Table 1).

The experiments described above have shown that muta­
tion or variation had taken place in the barium-treated
A. flavus culture. Since the resulting mutants did not 
revert after more than eight transfers in a basal medium 
without barium, the mutation “characteristics” expressed, 
were considered stable. The number and frequency of 
variants that had lost detectable ability to produce afla- 
toxins were obtained from the various spores germinated 
and developed in barium medium (Table 1). In addition, 
more than 800 colonies (group “A,” Table 1) arising from 
non-barium medium were examined to obtain a measure of 
spontaneous mutation. This group did not produce a 
single variant colony significantly different from that of 
the parent culture as far as the ability to produce aflatoxins 
is concerned. Furthermore, the presence of barium in the 
medium did not appear to suppress spore germination or 
significantly inhibit or stimulate the growth rate.

This evidence indicates that barium does not select 
barium-resistant non-aflatoxin-producing spores during the 
process of growth, but rather chemically interferes with 
aflatoxin production. The A. flavus mutant obtained by 
growing the culture in contact with barium would agree 
with Thom et al. (1939) in the support of a chemical 
mutation. It is hoped that this evidence may serve for

Fig. 5. Chemically induced mutation was obtained from single 
spore "B” by successive transfers of its progenies to medium con­
taining Ba'*. Arabic numerals in parentheses refer to the number 
or percentage of single spore cultures selected at random from the 
population.

further studies concerning the role of bivalent metals in the 
biosynthesis of aflatoxins and their control of fungus metab­
olites produced in food.
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S U M M A R Y — F ifty -fiv e  s a m p le s  o f  n a t io n a l ly  a d v e r t i s e d  d e h y ­

d r a t e d  s a u c e  a n d  g r a v y  m ix e s , s o u p  m ix e s , s p a g h e t t i  s a u c e  
m ix e s , a n d  c h e e s e  s a u c e  m ix e s  w e r e  e x a m in e d  f o r  t h e  p r e s ­

e n c e  o f  Clostridium perfringens. T h e  o rg a n is m  w a s  f o u n d  in 
1 8 .2 %  o f  t h e  s a m p le s .  S p a g h e t t i  s a u c e  m ix e s  h a d  t h e  h ig h e s t  

in c id e n c e  o f  C . perfringens a n d  t h e  s o u p  m ix e s  h a d  th e  

lo w e s t  in c id e n c e .  O n e  s tr a in  p o s s e s s e d  h e a t - r e s i s ta n t  s p o r e s  

t h a t  w e r e  a b l e  t o  w i th s ta n d  b o i l in g  a t  9 7 .4 ° C  f o r  o n e  h o u r  

p r io r  t o  is o la t io n .  T h e  p r e s e n c e  o f  p r e s e r v a t iv e s  in t h e  fo o d  

p r o d u c ts  d id  n o t  in f lu e n c e  t h e  p r e s e n c e  o f  C. perfringens 
in t h e s e  f o o d  p r e p a r a t i o n s .  N o  c o m m o n  in g r e d i e n t  w a s  d e ­

t e c t e d  a s  t h e  s o u r c e  o f  c o n ta m in a t io n .  T h e  g e n e r a l  p r e s e n c e  

o f  th is  o rg a n is m  in d e h y d r a t e d  s o u p s  a n d  s a u c e s  m a y  h a v e  
e p id e m io lo g ic a l  s ig n i f ic a n c e  in C. perfringens f o o d  p o is o n in g ,  

e s p e c ia l ly  s in c e  t h e s e  p r o d u c t s  a r e  e x p o s e d  to  s h o r t  h e a t in g  

p e r io d s .

I N T R O D U C T IO N

D uring the past 10 years considerable interest has de­
veloped on the nature of Clostridium perfringens food 
poisoning. The wide distribution of this organism results 
in the contamination of many foods and food products 
consumed by humans. The presence of C. perfringens in 
meat and meat products is well documented (Brown et al., 
1960; Canada et al., 1964; Baltzer et al., 1965 ; Hall et al., 
1965; Greenberg et al., 1966; Barbe et al., 1967). Strong 
et al. (1963) isolated the organism from a variety of 
American foods, and Goudkov et al. (1965) isolated C. 
perfringens from dairy products.

C. perfringens has been implicated in many outbreaks of 
food poisoning in the United States involving hundreds of 
persons (Browne et al., 1962; Kemp et al., 1962; Nelson 
et al., 1966). Most of the outbreaks resulted from eating 
meat dishes, confirming the earlier reports of food poison­
ing in England (Hobbs et al., 1953).

In recent years a wide variety of dehydrated soups and 
sauces has appeared on the market and has eased the task 
of the modern housewife. These products have a con­
venient envelope package, usually made of plastic coated 
aluminum, and need only rehydration and a brief heating 
period. The heating time for rehydrated soups is 5 to 15 
min although the mean heating time is approximately 1 0  

min. Other products require merely the addition of water 
with no heating. Some sauces and gravies are heated to 
boiling and simmered for a minute or until thick.

Although vegetative cells of C. perfringens are rapidly 
killed by heat (Nakamura et a l . ,  in press), the spores of 
these organisms may be quite heat-resistant even after 
heating at 100°C for one or more hours (Hobbs et al., 
1953 ; Hobbs, 1965 ; Hall et al., 1963; Weiss et a l . ,  1967; 
Nakamura et a l . ,  1967). Therefore, it is logical that de­
hydrated soups and sauces, if contaminated with C. per­
fringens spores, could be a source of food poisoning out­

breaks. This is particularly true if leftover sauces or 
gravies are not properly refrigerated or properly reheated 
prior to consumption. This paper reports a survey of de­
hydrated soups and sauces for the presence of C. perfrin­
gens. Previous reports are unknown to the authors.

E X P E R IM E N T A L  M E T H O D S
Collection of samples

Samples of nationally advertised dehydrated soups and 
sauces were purchased from four supermarkets in the Mis­
soula, Montana area. The samples were divided into four 
general categories: soups, sauces and gravies, cheese and 
cheese sauces, and spaghetti sauce mixes. All of the prod­
ucts contained a meat or dairy product with the exception 
of three spaghetti sauce mixes. Fifty-five samples from 
15 major brands were purchased and studied.

Isolation of C. perfringens
Ten-g samples were aseptically removed from the pack­

age and placed in a sterile petri dish. This facilitated 
repeated sampling and reduced the possibility of contamina­
tion of the product. The samples in the commercial pack­
ages were enclosed in aluminum foil or plastic lined 
envelopes. A modification of the method of Hall et al.
(1965) was used for the primary isolation of C. per­
fringens. One-g samples of the dehydrated food were intro­
duced into each of six 25 X 200 mm culture tubes contain­
ing 30 ml of fluid thioglycollate medium (Difco). One of 
these thioglycollate tubes was incubated immediately at 
46°C. Four of the tubes were heated to boiling (97.4°C 
at an altitude of approximately 3,223 feet elevation) for 
5, 10, 20 and 60 min respectively, immediately cooled in 
running tap water, and incubated at 37°C. The sixth tube 
was heated at 80°C for 15 min to kill contaminant orga­
nisms, cooled, and incubated at 37°C.

The tubes were observed daily for gas production for up 
to a week after inoculation. The tubes in which gas pro­
duction occurred were subcultured on lactose-egg yolk-milk 
agar (Willis, 1964). On this medium C. perfringens colo­
nies produced lactose fermentation and opalescence but no 
proteolysis.

Biochemical tests were performed routinely on the strains 
isolated. Gas and acid production by the organisms was 
determined in lactose, glucose, maltose, sucrose, mannitol, 
inulin, salicin, and glycerol broth. N itrate reduction, sul­
fide and indole production, motility, gelatin liquefaction, 
and milk fermentation were also determined. Hemolysis 
and ability to grow aerobically on horse blood agar were 
observed. The biochemical and physiological tests were re­
corded after 48 hr of incubation at 37°C.

Food samples that did not yield C. perfringens were 
tested further. One ml of a solution containing 1 g of the
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food product and 9 ml of 0.1% peptone was inoculated into 
10 ml of cooked meat medium (Difco). These cultures 
were incubated at 37°C for 3 weeks to allow outgrowth 
and sporulation. After incubation, 2 ml of the cooked meat 
medium culture were heated at 80°C for 15 min in 9 ml of 
0.1% peptone water. Subcultures were made in duplicate 
on lactose-egg yolk-milk agar plates and in fluid thio- 
glvcollate broth. The plates were placed in Case anaero 
jars and flushed with pure nitrogen gas three times under 
vacuum at —25 lb of pressure and then the jars were sealed 
tight at + 3  lb of pressure so that if a leak developed 
anaerobic conditions would be retained. Anaerobic indi­
cator (Baltimore Biological Laboratory) was used to check 
anaerobiosis in the jar. The plates and tubes were incu­
bated at 37°C for 48 hr.

To determine the extent of facultative anaerobic con­
tamination of the food product, 1 g of the food was rehy­
drated in 9 ml of 0.1% peptone water, decimally diluted 
to 10~ 6 and inoculated onto lactose-egg yolk-milk agar. The 
cultures were incubated anaerobically at 37°C for 48 hr. 
The colonies were counted, and the number of organisms 
per g of dehydrated product was determined.

RESULTS
C. perfringens was isolated from 10 out of 55 sam­

ples examined. The organism was isolated from 8  out 
of 15 national brands sampled. The results were tabulated 
in Table 1. The incidence of C. perfringens was highest 
in spaghetti sauce mixes and lowest in soup mixes. Total 
facultative anaerobic counts ranged from 1,000 to 2,500,000 
organisms per g. Gram positive and gram negative rods 
and gram positive cocci were present. However, these 
were not further identified.

One of the seven strains isolated from spaghetti sauce 
mixes was able to withstand boiling (97.4°C) for 1  hr 
prior to isolation and produced both alpha and beta 
hemolysis on blood agar. Two of the strains required 
heating for 5 min at boiling temperatures before isolation. 
Another three strains were isolated after heating at 80° C 
for 15 min. Only one of the strains was isolated from 
unheated material. The spaghetti sauce mixes contained 
spices, salt, sugar and starch. All but one of the samples 
contained some combination of dehydrated vegetables;

T a b l e  1. I n c id e n c e  o f  C . perfringens in  d e h y d r a t e d  s o u p s  a n d  s a u c e s .

Itemsampled
Number of samples examined

N umber that
yielded C. 

perfringens

Totalfacultative anaerobe_ contamination (number/g)
S p a g h e t t i  

s a u c e  m ix e s 13 7 2 .0 0 0  to

8 0 0 .0 0 0

S a u c e  a n d  

g r a v y  m ix e s 8 1 1 .0 0 0  to

5 0 0 .0 0 0

S o u p  m ix e s 28 1 1 .0 0 0  to

4 0 0 .0 0 0

C h e e s e  a n d  
c h e e s e  s a u c e 6 1 3 .0 0 0  t o

2 .5 0 0 .0 0 0

T o t a l 55 10 1 .0 0 0  to
2 .5 0 0 .0 0 0

onion and garlic were the most common. Products that 
did not have dehydrated vegetables, however, did contain
C. perfringens. Yeast and cheese were also common ingre­
dients in these preparations, but dehydrated beef was pres­
ent in only one of the mixes tested.

The incidence of C. perfringens in dehydrated soup 
mixes was exceptionally low. Only one strain was isolated 
from 28 soup mixes sampled. These mixes, from 6  na­
tionally advertised brands, all contained an animal protein 
source. The animal protein source consisted of dehydrated 
beef, chicken, turkey, bacon, and yeast.

Three of the 10 products that yielded C. perfringens 
contained preservatives. One of the soup mixes utilized 
sodium sulfite to preserve freshness and two spaghetti 
sauce mixes containing tricalcium phosphate. There was 
no consistent pattern with regard to the presence of pre­
servatives or ingredients. Most of the preservatives are 
added to dehydrated foods to preserve the flavor of the 
product rather than to inhibit yeasts, molds, and bacteria, 
although these agents do control the microbial populations.

All of the strains of C. perfringens isolated from the 
dehydrated food products liquefied gelatin, produced sulfide 
from sulfite, reduced nitrate to nitrite, produced stormy 
fermentation in iron milk, fermented lactose and produced 
opalescence but no proteolysis on lactose-egg yolk-milk 
agar, were non-motile, failed to produce indol, and were 
unable to grow aerobically. Large amounts of acid and 
gas were produced from glucose, sucrose, lactose, and 
maltose. These strains produced varying quantities of acid 
and gas in mannitol, inulin and glycerol. All the strains, 
except for one, fermented salicin. The strains produced 
beta-hemolysis on blood agar. The heat resistant strain 
also produced alpha-hemolysis on blood agar.

DISCUSSION

I n  general, dehydrated and properly packaged food 
and food products are not subject to spoilage. In  them­
selves, most of these dehydrated foods are not dangerous 
as sources of food poisoning. However, the method of 
handling of the food after rehydrating is important in 
human health. Many dehydrated foods may be potential 
sources of C. perfringens food poisoning if proper cooking 
and proper refrigeration are not included in the process of 
food preparation, food serving, and food storage.

In the present study 10 out of 55 of the dehydrated 
soups and sauces sampled contained C. perfringens. The 
products tested required boiling for no more than 30 min 
after hydration. Since certain strains of C. perfringens 
produce spores that resist boiling for several hours, the 
lethal time-temperature condition is not attained in the 
reconstitution and preparation of the dehydrated foods. 
Furthermore, C. perfringens is capable of growing at tem­
peratures up to 55°C. Many of the products would cool 
to this temperature rather quickly, within half an hour, 
after heating.

Some of the gravy and sauce mixes require heating for 
less than 10 min. If these items are allowed to cool or are 
left at room temperature for several hours considerable 
vegetative reproduction of C. perfringens would be possible 
making this food a potential source of food poisoning.

These studies indicate that dehydrated soups and sauces
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contain C. perfringens and that the methods of preparation 
of these foods are such that these foods may be involved 
in food poisoning outbreaks if proper refrigeration is not 
applied to left-over foods for future consumption.
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N u t r i t i v e  Q u a l i t y  o f  S i m u l a t e d  M i l k  M i x t u r e s  

P r e p a r e d  f r o m  T r o p i c a l  P l a n t  P r o d u c t s

S U M M A R Y — U sin g  p r o d u c t s  o f  t r o p i c a l  p la n t s  t a r o ,  s o y b e a n s  

a n d  c o c o n u t  f o r  c a r b o h y d r a t e ,  p r o te in  a n d  f a t ,  m ix tu r e s  to  
s im u la te  c o w 's  m ilk  w e r e  p r e p a r e d .  T h e s e  w e r e  t e s t e d  o n  

ra ts  f o r  t h e  q u a l i ty  o f  p r o t e in ,  t h e  u t i l iz a t io n  o f  c a lc iu m , th e  

e f f e c t  o f  v ita m in  B^, a n d  t h e  c o m p o s i t io n  o f  b lo o d  a n d  liv e r . 
C a lc iu m  r e te n t io n  w a s  s ig n if ic a n t ly  b e t t e r  f o r  t h e  m ilk  th a n  
fo r  t h e  m ix tu r e s .  T h e  q u a l i ty  o f  t h e  p r o te in  w a s  m e a s u r e d  b y  
t h e  PER a n d  t h e  N P U . C o c o n u t  m ilk  in t h e  d i e t  r a i s e d  th e  
N P U  o f  t h e  m ix tu r e s  f ro m  3 6 .5  t o  4 1 .2  b y  r a is in g  th e  n i t r o ­

g e n  s t o r a g e  in t h e  b o d y .  V ita m in  B^, r a i s e d  t h e  N P U  o f 
P o i-ll f ro m  4 0 .4  to  5 0 .0  b y  ra is in g  b o th  t h e  n i t r o g e n  in ta k e  
a n d  t h e  n i t r o g e n  s t o r a g e ,  t h e  l a t t e r  to  a g r e a t e r  d e g r e e .  T h e  

N P U  o f  t h e  m ix tu r e s  P o i-ll r a n g e d  f ro m  5 0 .0  t o  5 1 .1  a n d  w e r e  
s im ila r  t o  t h e  N P U  o f  5 4 .4  f o r  S o b e e ,  w e r e  lo w e r  th a n  th e  
N P U  o f  7 6 .6  f o r  S im ila c  a n d  8 0 .8  f o r  m ilk . B lo o d  h e m o ­

g lo b in  a n d  liv e r  l ip id  a n d  m o is tu re  o f  r a ts  f e d  t h e  m ix tu r e s  
P o i-ll a n d  m ilk  w e r e  s im ila r  a n d  w ith in  t h e  n o rm a l  r a n g e .  It 
is c o n c l u d e d  th a t  t h e  m ix tu r e  P o i-ll is s im ila r  to  S o b e e  fo r  
p r o te in  q u a l i ty ,  s im ila r  to  m ilk  f o r  h e m o g lo b in  fo r m a t io n  a n d  

d e p o s i t i o n  o f  l ip id  a n d  m o is tu r e  in t h e  l iv e r , a n d  p o o r e r  th a n  
m ilk  f o r  t h e  r e te n t io n  o f  c a lc iu m .

I N T R O D U C T IO N
I n  countries where artificial feeding is practiced, 

the predominant food for infants is cow’s milk, and the

evaporated form is particularly suitable and well used. 
Upon developing sensitivity to cow’s milk, replacement 
with simulated milk preparations from soy products or 
modified cow’s milk is employed. In developing countries, 
proper feeding of the young remains a problem because of 
cost and inadequate supply of milk and, except in govern­
ment-controlled operations, the unhygeinic dilution of milk 
by vendors. Breast feeding is prolonged until the second 
or third year of life and, upon weaning, children are ex­
posed to a diet deficient in protein but adequate in calories. 
Mild or severe kwashiorkor is the result (Blix, 1962). An 
inexpensive substitute, in the form of beverage or crackers 
made from locally-available foods high in protein of satis­
factory quality, could play a part in combating protein 
undernutrition.

Soybean milk was used for centuries in China as infant 
food (Piper et al., 1943). Besides being high in protein, 
soybean was reported to be a good source of iron, calcium, 
phosphorus and of the B-vitamins (Payne et al., 1944). 
Studies with soybeans in children’s diet were summarized 
by Dean (1953). In India a spray-dried mixture of peanut 
protein isolate and soy flour, developed by Shurpalekar 
et al. (1964), gave a protein efficienty ratio (P E R ) of 2.34
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on rats. This ratio was raised to 2.86 upon addition of 
methionine and approached the P E R  of 3.4 for milk.

Coconut milk was used for feeding infants who had 
gastric disorder and acute nutritional disturbances by Beja- 
rano (1933) and Gesteira et al. (1932). Freudenberg
(1948) successfully used the milk of jennies and mares to 
feed infants. Buffalo milk is more readily available in India 
and its preservation for infant feeding was studied by 
Subrahmanyan et al. (1958).

Preparation of simulated milk mixtures involves substi- 
tuition for the milk components, chiefly the minerals, car­
bohydrate and protein. Calcium and iron salts are nearly 
always added to a vegetable preparation. The carbohy­
drate and protein substitutes should be very low in fiber 
and easily digestible. These conditions are met by the 
use of poi (fermented, pounded, steam-cooked taro roots) 
for carbohydrate and of tofu (soybean curd) for protein. 
The purpose of the study is to develop a product simulating 
milk from produce of Hawaii that are also available eco­
nomically in developing countries. This product could be 
used instead of milk in milk allergies and milk shortage.

E X P E R IM E N T A L
Materials

Tofu is a soft white cheese-like product manufactured 
in Hawaii from soybeans according to Japanese methods 
(Standal, 1963; Miller, 1933). I t has no crude fiber 
(Miller et al., 1952) and the digestibility coefficient is 
high (Pian, 1930; Chiang et al., 1941). Its protein quality 
is comparable to milk casein (Standal, 1963), and the 
trypsin inhibitor is destroyed during its preparation 
(Chang et al., 1949). Poi has a pasty consistency with a 
color varying from greyish brown to dark brown. I t has a 
high digestibility (Langworthy et al., 1922) and it is a 
non-allergic food (Glaser, 1963; Derstine et al., 1952). 
The taro paste is converted to poi by fermentation at room 
temperature. The fermentation could be stopped by can­
ning, drying or freezing (Deurnberger, 1951).

For this study, poi was fermented at room temperature 
for one day and canned. Taro ( Colcasia escalenta L., 
Schott) may mean either the cooked or the raw corms. In 
this study, for the sake of consistency, taro is considered to 
be the freshly made poi paste canned immediately without 
fermenting. The unfermented paste was darker in color

and more viscous than the fermented paste. Coconut milk 
is prepared commercially by mascerating coconut meat with 
water and pressing out the liquid. I t  is rich in oil, which 
forms an emulsion containing most of the proteins and 
carbohydrates (Nicholls et al., 1945). The raw materials 
were purchased in one large quantity from the same manu­
facturers.

Preparation of the mixtures

Four types of simulated milk mixtures were prepared 
(Table 1). The solids and water were mixed in a W aring 
blender and steamed cooked in a damp cooker with con­
stant stirring until it started to boil. The amount of cal­
cium lactate added to mixtures I was less than to mixtures
11 to compensate for the calcium from tofu. The control 
milk formula was prepared according to Jeans et al.
(1947) for six-months-old infants (Table 1). The mix­
tures and the milk were fortified with FeS O ^T H iO  to 
fulfill the recommended amounts for rats (Williams et al.,
1963). The four mixtures were designed to contain pro­
tein, calcium, and calories in the same amount as the milk 
formula to meet the requirements of infants up to six 
months of age (Jeans et al., 1947; Recommended Dietary 
Allowances, 1963). All four mixtures were thicker than 
milk, had good appearance and flavor and were accepted 
by rats.

Animal experiments
E.vpt. 1. Quality of protein of the mixtures. Rats of 25 

days old were divided according to sex, weight, and litter- 
mates into experimental and control groups. Four groups 
of 1 0  rats each were fed ad libitum on the four mixtures 
and four groups of four to five rats each received different 
amounts of milk formula, which provided the same amount 
of nitrogen as was consumed by rats on the test mixtures 
during the previous day. One control rat was paired with 
two or three experimental rats. One group of rats received 
a protein-free diet (Table 1) and served as non-protein 
controls. Vitamins A, D, E  and B-complex were supple­
mented in liquid form in separate containers three times 
a week. Each rat received weekly 120 /¿g each of thiamine, 
riboflavin, folic acid and pyridoxine; 600 fig each of panto­
thenic acid and para-aminobenzoic acid; 400 fig of niacin;
12 fig of biotin; 15 mg of inositol; 30 mg of choline; 600

T a b l e  1. C o m p o s i t i o n  o f  s i m u l a t e d  m i l k  m i x t u r e s ,  m i l k  f o r m u l a ,  a n d  p r o t e i n - f r e e  d ie t .

Simulated milk mixtures -Milk formula Protein-free diet (per 1) (per 1000 g)Ingredients Poi-I Poi-II Taro-I Taro-II
P o i  ( g ) 167 1 50

T a r o  ( g ) 1 67 i s o

T o f u  ( g ) 3 3 3 3 0 0 3 33 3 00

C o c o n u t  m i l k  ( g ) 50 50

C a n e  s u g a r  ( g ) 70 70 70 7 0 6 0 1 50

C a l c iu m  l a c t a t e  ( m g ) 2 7 2 9 3 1 6 6 2 7 2 9 3 1 6 6

W a t e r  ( m l ) 5 0 0 5 0 0 5 0 0 5 0 0 5 6 9

E v a p o r a t e d  m i l k  ( m l ) 371

C o r n s t a r c h  ( g ) 6 5 0

P r i m e x  ( g ) 1 150

H u b b e l l  s a l t  m i x  ( 9 ) 2 5 0

1 P r i m e x ,  a  h y d r o g e n a t e d  v e g e t a b l e  o i l ,  P r o c t e r  a n d  G a m b le ,  C i n c in n a t i ,  O h io .
2 H u b b e l l  et al. ( 1 9 3 7 ) .
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U S P  of vitamin A ; 60 U S P  of vitamin D ; and 6  mg of 
vitamin E.

After 10 days on the diets the rats were sacrificed, the 
carcasses dried as described by Standal (1963) and the 
body nitrogen calculated from body water according to 
Miller et al. (1955). Previous study (Standal, 1963) 
showed a high correlation for the body nitrogen of rats by 
this method and that obtained by Kjeldahl analysis. To 
assess the quality of protein these measurements made 
were: the net protein utilization (N P U ) and the net pro­
tein retention (N P R ) according to Bender et al. (1957) 
and the PER, which is the gain in weight per gram of 
protein consumed.

E.vpt. 2. Availability of calcium from the mixtures. Five 
groups of eight weanling rats each were placed on one of 
the four mixtures or on the milk formula ad libitum. The 
rats were housed individually in wire cages with elevated 
bottoms. Fecal and urinary excretions were collected to­
gether on large filter paper and daily food intakes were 
recorded. Calcium retention was calculated from the differ­
ence between that consumed and that excreted over the 
total period.

Expt. 3. Effect of vitamin Bn  on the quality of proteins. 
The rats on all diets reported above showed porphyrin on 
the fur of the neck and head beginning with the second or 
third week of the experiment. Rats on cow’s milk with 
the highest weight gain showed the most porphyrin. Vita­
min B i 2  was added to the vitamin mixture and was used 
in all subsequent experiments. The N PU  of mixtures 
Poi-II, Poi-II without iron, and Poi-II with methionine 
was measured along with the N PU  of Similac (a modified 
milk product, M and R Laboratories, Columbus 16, Ohio), 
Sobee (a soybean product, Mead Johnson and Co., Evans­
ville 21, Indiana) and evaporated milk. No porphyrin was 
observed during the 1 0 -day experimental period.

Expt. 4. Effect of the mixtures on the blood and liver. 
Weanling rats were placed on mixtures Poi-II, Poi-II 
with methionine, Poi-II without iron, Poi-II with methio­
nine but without iron, and evaporated milk for 58 days. 
All rats received the vitamin mixtures containing Bio. 
Very slight porphydrin was observed on some rats after 
one month on all diets. At sacrifice, hemoglobin, hemo- 
tocrit, liver fat and water were measured.

Chemical analysis
Proximate analyses were made on all diets and their 

components using the methods described in AOAC (1960). 
Calcium on diets, carcasses and excreta was determined 
by the method of Greweling (1961) using a Beckman flame 
photometer after the samples were individually ashed. 
Hemoglobin was measured by the cyan-methhemoglobin 
method (Drabkin et al., 1932) using Acuglobin (Ortho 
Pharmaceutical Corporation, Raritan, New Jersey) for 
standard. Liver water was determined as for the whole 
body, and fat by petroleum ether extraction of dried pul­
verized samples using the Goldfisch apparatus.

RESULTS A N D  DISCUSSION
Chemical data

The proximate composition of the mixtures and their 
ingredients are reported in Table 2. The water and calcium 
values for tofu were slightly lower than those reported by 
Miller et al. (1957), while protein, fat, and carbohydrates 
were higher. Mixtures I contained considerably less fat 
than milk and adjustments were made by the addition of 
coconut milk. The adjusted mixtures were designated mix­
tures II and the percentage of calories for fat from these 
mixtures was four times that from mixtures I. The pro­
tein calories, expressed as percent of total calories, were 
15-16 for milk, Taro-II and Poi-II, and 19 for Poi-I and

T a b l e  2. P r o x i m a t e  
o f  t h e  m i x t u r e s .

c o m p o s i t i o n  o f t h e  m i lk f o r m u l a ,  t h e s im u la t e d m i l k  m i x t u r e s , a n d  o f  t h e  i n g r e d i e n t s

Products Water
( % )

Protein1
(%)

Fat
( % )

Carbo­hydrate
( % )

Ash
( % )

Calcium(mg/100g)
Energy (Cal. per lOOg)

Protein calories as percentage of total calories
I n g r e d i e n t s : 

P o i 8 0 .8 6 0 .4 7 0.01 18 .38 0 .2 8 13 76 2 .5
T a r o  2 78 .81 0.51 t r a c e 2 0 .3 8 0 .3 4 12 8 3 2 .4
T o f u 7 6 .6 4 11 .7 2 6 .7 2 6 .1 6 0 .7 6 103 132 3 5 .5
C o c o n u t  m i lk 7 1 .0 0 2 .4 9 2 1 .8 0 4.71 0 .45 16 225 4 .4

M i l k  m i x t u r e s : 
M i l k

w e t

8 4 .6 5 2 .4 9 1 .32 1 0 .9 2 0 .6 2 98 66 15 .2
P o i - I 8 4 .9 4 2 .8 7 0 .35 11 .55 0 .2 9 8 8 61 1 8 .9
T a r o - I 8 4 .0 0 3 .1 4 0 .35 12 .19 0 .3 2 96 6 4 19 .5
P o i - I I 8 5 .8 6 2 .5 6 1 .46 9 .8 4 0 .2 8 8 9 63 1 6 .3
T a r o - I I 8 4 .9 0 2 .5 0 1 .50 10 .8 0 0 .3 0 88 6 7 15 .0

M i l k  m i x t u r e s : 
M i lk

d r y

16 .0 0 8 .6 0 7 1 .0 8 4 .0 4 6 35 4 2 9 14.9
P o i - I 1 9 .0 6 2 .3 2 7 6 .6 9 1 .93 581 4 0 4 1 8 .9
T a r o - I 19 .6 3 2 .1 9 7 6 .1 9 2 .0 0 6 0 0 4 0 3 19.5
P o i - I I 1 8 .10 1 0 .3 2 6 9 .5 7 1 .98 631 4 4 4 16 .3
T a r o - I I 16 .55 9 .9 3 7 1 .5 0 1.99 5 83 4 4 2 15 .0

G r o w i n g  r a t  d i e t s 3 2 0 5 6 00 4 0 0 20

1 P r o t e i n  =  6 .2 5  X  N .
s T a r o  h e r e  i s  i d e n t i c a l  t o  p o i  e x c e p t  f o r  t h e  o m is s io n  o f  f e r m e n t a t i o n .
8 N u t r i e n t  r e q u i r e m e n t s  o f  l a b o r a t o r y  a n im a l s  ( 1 9 6 2 ) .
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T a b l e  3. G r o w t h  o f  r a t s  r a i s e d  o n  t h e  m i l k  a n d  t h e  s i m u l a t e d  m i l k  m i x t u r e s  f o r  2 5  d a y s  ( E x p t .  2 ) .

Mixtures No. ofrats3

Total intake - Weight gain per 100 cal. 
(g)

Total1weightgain
(g)

Significance of difference between group means 2food
(g)

protein
(g)

energy(cal.) Groups Significance
M ilk 8 1 1 9 4 2 9 .7 782 9.5 74 M i l k — P o i - I 0.001
P o i - I 6 9 8 8 2 8 .4 601 5.6 34 M i l k — P o i - I I 0.001
T a r o - I 8 9 7 8 3 0 .7 631 6.3 4 0 M i l k — T a r o - I 0.001
P o i - I I 7 8 5 3 2 1 .8 5 35 6.0 3 2 M i l k — T a r o - I I 0.001
T a r o - I I 6 8 9 6 2 2 .4 5 9 8 5.7 3 4 T a r o - I — P o i - I 0 .05

T a r o - I — T a r o - I I 0 .05

1 O n e  w a y  a n a l y s i s  o f  v a r i a n c e  w a s  a p p l ie d .  T h e  v a r i a n c e  e s t i m a t e  F  =  S b2/ S w 2 =  7 6 .6 . T h e  t r e a t m e n t  o f  
r a t s  a f f e c t e d  t h e  d a t a  a t  0 .0 0 1 %  le v e l .  S t 2 a n d  S w2 a r e  t h e  v a r i a n c e  e s t i m a t e s  b e tw e e n  a n d  w i t h i n  g r o u p s  r e s p e c t iv e ly .  

2 t  =  ( i ,  — “ b)/V S w2/ n a +  S w 2/ n b  x  is  a  g r o u p  m e a n ,  n  i s  t h e  n u m b e r  o f  r a t s  p e r  g r o u p .
3 O r i g i n a l l y  8  r a t s  p e r  g r o u p .  S o m e  e s c a p e d .

Taro-I. Tofu was the main source of protein for the 
mixtures contributing 94—98% of the total nitrogen. The 
amount of nitrogen from poi, taro, and coconut milk 
ranged from 1.9 to 3.4 percent. Upon expressing the com­
position of the formulas in terms of dry weights (Table 2 ) 
it was observed that the composition of the mixtures were 
in line with the requirement of nutrients by growing rats 
(Natl. Research Counc., Publ. 990, 1962).

Biological data
Caloric intake and growth. Weight gains and food in­

takes (expt. 2 ) for twenty-five days in the absence of 
vitamin B 1 2  are shown in Table 3. The total amount of 
food intake was greatest for rats on milk formula, less for 
rats on mixtures I and least for rats on mixtures II. The 
caloric intake followed the same pattern despite the fat 
in mixtures II. The total food intake for rats on the four 
mixtures was approximately two-thirds as great as that of 
rats on milk while the weight gains were only half. The 
protein calories needed for maintenance (P m) were calcu­
lated according to Miller et al. (1961) (Table 4) and were 
well within the available protein calories for all groups 
(Table 2). The difference between total weight gains for 
rats on the mixtures and those on milk was significant at 
0.001 level (Table 3). Rats on Taro-I were heavier than 
rats on Poi-I and Taro-II at 0.05 level (Table 3).

Protein quality and the effect of vitamin Bu,
In Expt. 1 the N PU  values for the mixtures were lower 

than those for the milk (Table 4). Expressed in percent 
of respective controls, mixtures II  were 69% of the milk 
and mixtures I were 48-52%. The coconut milk in mix­
tures II  raised the N P U  values by the same amount (4.65) 
while the lesser food intake for the milk pair-fed rats to 
mixtures II  resulted in lower N P U  of 59.7 for milk. The 
N P U  of milk determined from pair-fed controls to mix­
tures I was 73.4. The ratio of carcass nitrogen to nitrogen 
intake was higher for mixtures II  than for mixtures I and 
greater nitrogen retention was obtained by the addition of 
fat (coconut milk) to the almost fat-free mixtures I. The 
P E R  of 1.06 and 0.88 for the poi mixtures were lower 
than those for the taro mixtures (1.29 and 1.20), which 
were lower than the P E R  of milk (2.06 to 2.77). Com­
pared to the respective controls, the P E R  of the mixtures 
was lower as a percentage of the controls (38.7% to 
55.8%) than were the NPU. While more nitrogen and 
calories were consumed in the present study, the observed 
N P U  and PE R  values were lower than for tofu as re­
ported by Standal (1963).

The effect of vitamin B 1 2  was studied on Poi mixtures, 
Similac, Sobee and evaporated milk (Table 5, expt. 3). 
Vitamin B 12 improved the value of the N P U  of Poi-II

T a b l e  4 . Q u a l i t y  o f  p r o t e i n  o f  t h e  m i l k  a n d  t h e  s i m u l a t e d  m i l k  m i x t u r e s  i n  a b s e n c e  o f  v i t a m i n  Bu>. ( E x p t .  1, 1 0  d a y s ) .

Mixtures No. of rats

Total nitrogen consumed per rat (10-day period) 
(g)

Carcassnitrogen
(g)

Carcass N 
N intake

Net protein utilization 
(NPU)1 % of control

Net protein retention (NPR)2

Proteinefficiencyratio(PER)3 % of control

Percent protein calories needed for maintenance (Pm)4

P o i - I 10 1 .86 1 .9 3 3 1 .04 3 5 .8  ±  2 . 1 5 4 7 .5 0 .61 1 .06 3 8 .7 1 1 .1 8

C o n t r o l 4 1 .82 2 .7 7 3 1 .52 7 5 .3  ±  2.1 2 .3 0 2 .7 4 5.31

T a r o - I 10 2 .1 2 2 .0 5 6 0 .9 7 3 7 .2  ±  1.9 5 2 .0 0 .8 7 1 .2 9 4 6 .6 10 .7 6

C o n t r o l 4 1 .98 2 .8 2 3 1 .43 7 1 .5  ±  3 .9 2 .3 7 2 .7 7 5 .6 0

P o i - I I 10 1 .38 1 .8 2 4 1 .32 4 0 .4  ±  2 .3 6 8 .8 0 .2 4 0 .8 8 4 3 .7 9 .8 9

C o n t r o l 5 1 .36 2 .0 7 2 1 .52 5 8 .7  ±  1.1 1 .48 2 .0 6 6 .81

T a r o - I I 10 1 .39 1 .851 1 .33 4 1 .9  ±  1.9 69 .1 0 .5 6 1 .20 5 5 .8 9 .5 6

C o n t r o l 5 1 .3 6 2 .1 6 4 1 .59 6 0 .6  ±  3.3 1 .56 2 .15 6 .6 0

1 N P U  =  [ B ( B k — I k ) ] / ( I  —  R )  w h e r e  B
Bk is  t h e  b o d y  N  o f  r a t s  o n  t h e  p r o t e i n - f r e e  d i e t  
Ik  i s  t h e  N  i n t a k e  b y  r a t s  o n  t h e  p r o t e i n - f r e e  d i e t  
I  i s  t h e  N  i n t a k e  b y  r a t s  o n  t h e  m i x t u r e s  o r  m i lk .

2 N P R  =  w e i g h t  g a i n e d  b y  r a t s  o n  m i x t u r e s  o r  m i l k  +  b o d y  w e i g h t  lo s s  b y  r a t s  o n  p r o t e i n - f r e e  d i e t
p r o t e i n  i n t a k e  b y  r a t s  o n  t h e  m i x t u r e s  o r  m i lk

3 P E R  =  g r a m s  g a i n e d / g  p r o t e i n  e a t e n .  , . , ^  , . ,  ,  , m
4 P m =  ( 4  x  1 0 0 ) / N P U .  W h e r e  4  i s  a  p e r c e n t  o f  t h e  n e t  d i e t a r y  p r o t e i n  v a lu e  ( N . D .  —  p .v . )  c a l c u l a t e d  o n  t h e  b a s i s  o f  i o o d  e n e r g y .

N .D .  — p .v . is  a  m e a s u r e  o f  u t i l i z a b l e  p r o t e i n  ( M i l l e r  et al., 1 9 6 1 ) .
5 S t a n d a r d  e r r o r .
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T a b l e  S. C h a n g e  in  t h e  q u a l i t y  o f  p r o t e i n  o f  m i x t u r e  P o i - I I  d u e  t o  t h e  a d d i t i o n  o f  v i t a m in  B 12. C o m p a r i s o n  w i t h  S i m i l a c  a n d  S o b e e  
( E x p t .  3  1 0  d a y s  e x p e r i m e n t a l  p e r i o d ) .

Protein content of mixtures g/100g
Numberofanimals

Nitrogenintake
(g)

Carcassnitrogen
(g)

Group differences which are significant2

Mixtures
Carcass N 
N intake TER NPU1 Groups

Level of significance
P o i - I I 3 .6 3 6 1.739 2 .1 2 9 1.22 1.86 5 0 .0 M i l k — S o b e e 0.001

P o i - I I 3 .65 6 1 .6 5 0 2 .1 0 5 1 .28 1.75 51 .1 M i l k — P o i - I I 0.001
n o  i r o n

P o i - I I  p lu s 3 .5 9 6 1 .703 2 .1 1 3 1 .24 1.93 5 0 .2 S im i l a c — P o i - I I 0 .01  -0 .0 0 1

m e t h i o n i n e  
S i m i l a c  3 3 .0 6 6 1 .0 0 8 1 .9 6 6 1.95 2 .51 7 6 .6 S im i l a c — S o b e e 0 .0 1  -0 .0 0 1

M i l k 1 .96 6 1 .3 8 8 2 .3 8 7 1 .72 3 .33 8 0 .9

S o b e e 4 2.22 7 1 .891 2 .2 8 6 1.21 1 .94 5 4 .4

1 O n e - w a y  a n a l y s i s  o f  v a r i a n c e ,  F  =  1 2 .5 . T h e  t r e a t m e n t  o f  t h e  r a t s  a f f e c t e d  t h e  d a t a  a t  0 .01  le v e l .
2 t - t e s t  t o  c o m p a r e  t w o  m e a n s  a t  a  t i m e  u s i n g  t h e  v a r i a n c e  e s t i m a t e  S w2.
3 M  a n d  R  L a b o r a t o r i e s ,  C o lu m b u s  16 , O h io .
4 M e a d  J o h n s o n  a n d  C o ., E v a n s v i l l e  2 1 , I n d i a n a .

from 40.4 (Table 4) to 50.0 (Table 5). This improvement 
was due both to enhanced appetite and greater nitrogen 
retention in the body. Neither the addition of methionine 
nor the removal of iron from Poi-II influenced the NPU, 
which remained at 50.0 to 51.1. All the N P U ’s for the 
three Poi mixtures were comparable to the N P U  of 54.4 
for Sobee and were lower than the N P U  of 65.0 for tofu 
(Standal, 1963). The N P U  of 76.6 for Similac and 80.8 
for milk were greater than the N P U ’s of Poi-II and Sobee 
at a 99% level of significance (Table 5). The P E R  for 
the three Poi-II mixtures ranged from 1.75 to 1.93 and 
were higher than 0.88 for Poi-II without the vitamin Bio. 
Similar increase in the P E R  of legume protein due to this 
vitamin was observed by Fatterpaker et al. (1960) for 
peanuts and by Singh et al. (1960) for the pulse arhar.

Bricker et al. (1947) reported that the total requirement 
of food nitrogen per basal calorie for a nitrogen equilib­
rium of adult rats and humans was essentially the same for 
milk (3.34 and 2.76 mg, respectively). However, for soy­
bean flour the requirement for rats was 6.07 mg and for 
man 2.88 mg. Adult rats require more sulfur-containing 
amino acids and this was limited in soybean. In this study, 
the addition of methionine to Poi-II did not alter the 
protein quality. The short duration of the experiment (10 
days) and the growth rates of the rats might have over­
shadowed the need for more sulfur amino acids. The 
biological value of soybean flour protein was reported by 
Bricker et al. (1945, 1947) to be 65 when fed to humans

and 52 when fed to rats. In the present study, the observed 
N P U  of 50.0 to 54.4 for Poi-II mixtures and Sobee may 
present higher values when consumed by infants.

Calcium utilization
Calcium retention was calculated from the total intake 

and total excretion in urine and feces for 25 days (Table
6 ). Total retention was highest for milk and lowest for 
Poi-II. The retention for Taro-II was lower than for 
Poi-I and Taro-I. Upon calculating the retention as a 
percent of intake the values obtained were lowest for Poi-II 
(73 percent) and highest for milk (81 percent). Milk was 
significantly better than the mixtures. Of the mixtures, 
those containing coconut milk had less calcium retention. 
The retention of calcium by infants (Recommended Di­
etary Allowances, 1963) is 30 to 50 percent for cow’s 
milk, and it is possible that similar percentages would be 
retained from the mixtures. The calcium intake of 617— 
1,161 mg for 25 days provided 25-45 mg per rat per day. 
This is within the recommendation of 0.6% in the diet, 
which provides a young rat with 30-60 mg of calcium per 
day for a 5-10 g food intake.

Blood and liver composition
All rats in this study received vitamin B i2. The weight 

gain for the 58 days was similar for all groups and was 
slightly higher for milk (Table 7). The hemoglobin and 
hematocrit values were all normal and slightly lower for

T a b l e  6. C a l c iu m r e t e n t i o n 1 o f  r a t s  r a i s e d f o r  25  d a y s o n  t h e  m i l k  a n d  s i m u l a t e d  m i l k  m i x t u r e s  ( E x p t .  2 ) .

Mixtures No of rats 2

Finalbodyweight
(g)

Calcium
Significance of the difference4consumption(mg) excretion(mg)

retention per rat (mg)
retention 
. % of intake3 Groups Level

M i l k 8 114 1 1 6 2 2 1 9 943 81 M i l k — P o i - I 0 .05
P o i - I 6 7 4 8 0 3 1 86 6 1 7 77 M i l k — P o i - I I 0 .01
T a r o - I 8 78 841 175 6 6 6 7 9 M i l k — T a r o - I I 0 .01
P o i - I I 7 73 6 2 2 1 67 4 55 73 T a r o - I — P o i - I I 0 .01
T a r o - I I 6 76 7 1 9 1 79 5 4 0 75 T a r o - I — T a r o - I I 0 .0 5

P o i - I — P o i - I I 0 .05

1 C a l c iu m  c o n s u m e d — c a l c iu m  e x c r e t e d  d u r i n g  t h e  e x p e r i m e n t a l  p e r io d .
2 O r i g i n a l l y  8  r a t s  p e r  g r o u p  b u t  s o m e  w e r e  lo s t .
3 T h e  v a r i a n c e  e s t i m a t e  F  is  7  u s i n g  o n e - w a y  a n a l y s i s  o f  v a r i a n c e .  T h e  t r e a t m e n t  o f  t h e  r a t s  a f f e c t e d  t h e  d a t a  

a t  0 .01  le v e l .
4 t - t e s t  t o  c o m p a r e  t w o  m e a n s  a t  a  t i m e  u s i n g  t h e  v a r i a n c e  e s t i m a t e  S w2.
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Table 7. Hem oglobin, hem atocrit, liver fa t and w ater of ra ts  fed the supplemented m ix ture  
P o i-II  (E x p t. 4 ).

No.
of

rats

Total
weight
gain
(g)

Liver

Mixtures
Hemoglobin 

(g/100 ml blood) Hematocrit
water

g/100g
fat

g/100g

P o i-II 6 127 14.4 0.47 70.9 4.01
P o i-II , no iron 6 133 14.2 0.47 70.2 4.12
P o i-II  plus 6 129 14.6 0.50 70.4 4.40

m ethionine
P o i-II  no iron 6 124 14.2 0.49 70.4 3.95

plus methionine
M ilk 5 137 13.7 0.44 69.5 4.58

milk (Table 7). The percentages of fat and water in the 
livers were all normal and similar for all groups. For 
blood formation and liver composition Poi-II appears to 
be the same as milk. Neither the removal of iron nor 
the addition of methionine had any effect on the quality 
of Poi-II.
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SUMMARY—The effect of dilution of egg proteins and cow's milk proteins with varying levels of L-glutamic acid (GA) on the growth of young rats and protein efficiency ratio of the blends was studied. Addition of glutamic acid to diets con­taining 8.5% to 5.0% egg proteins to maintain the nitrogen content of the diet constant at 1.6% (equal to 10% protein) did not cause any increase in the growth rate of rats as compared to that on corresponding diets without added glutamic acid. The protein efficiency ratios progressively decreased from 4.74 for 10% egg protein diet to 2.88 for 5% egg protein + 8.4% glutamic acid diet. Addition of glutamic acid to diets containing 8.5 to 5.0% milk proteins to maintain the nitrogen content of the diet constant at 1.6% level caused a significant decrease in the growth rate as compared to that on corresponding diets without added glutamic acid. The protein efficiency ratios also progressively decreased from 3.48 for 10% milk proteins to 1.46 for a mixture of 5% milk proteins -f- 8.4% glutamic acid. The results show that both egg proteins and milk proteins contain adequate amounts of non-essential amino acids for maximum utilization of essential amino acids present in them for the growth of young rats.
INTRODUCTION

I t  is  n o w  w e l l  recognized  that the nutritive value of 
a protein depends on the content, availability and balance 
of essential amino acids (Almquist, 1956). Since egg 
proteins possess the highest nutritive value among food 
proteins, it has been assigned the ‘highest’ chemical score 
of 100 by Block e t  al. (1946). Their system of chemical 
scoring for assessing the relative nutritive value of food 
proteins expresses the quantity of the limiting amino acids 
in different food proteins as a percentage of the same amino 
acid in egg proteins. They found a good correlation be­
tween the biological value of the proteins and the ‘chemi­
cal scores’.
The FAO/WHO Expert Group on Protein Require­

ments (FAO/WHO, 1965) suggested that after the re­
quired pattern of the essential amino acids has been 
specified, the percentage of total nitrogen intake contrib­
uted by the essential amino acids must be indicated. They 
also stated that there is good reason to believe that in both 
human milk and egg proteins, the proportions of essential 
amino acids are higher than that required for older chil­
dren and adults, although the physiological reason for this is not clear.
Snyderman e t  al. (1962) reported that in the case of 

human infant, the limiting factor at low levels of milk 
protein intake is non-essential nitrogen, rather than of 
essential nitrogen. Scrimshaw e t  al. (1966) observed that 
in adult human subjects receiving daily 0.36 to 0.34 g egg 
proteins per kg body weight, replacement of 30 to 40%

of egg proteins with non-essential nitrogen in the form 
of glycine and di-ammonium citrate did not significantly 
alter N retention.
Venkat Rao e t  al. (1964) described the effects of dilution 

of egg proteins with glutamic acid on the protein efficiency 
ratio. The present paper deals with the effect of dilution 
of cow’s milk protein with glutamic acid on the PER of 
the proteins.

MATERIALS AND METHODS
Diets
Spray-dried skim milk powder of good quality was in­

corporated into the diets at 10, 8.5, 7.5, 6.5 and 5% protein 
levels. Another batch of diets containing 8.5, 7.5, 6.5 and 
5.0% milk proteins were diluted by the addition of L-glu­
tamic acid at 2.5, 4.2, 5.9 and 8.4% levels, so that the 
nitrogen contents of these diets were nearly the same, i.e. 
about 1.6% N (equivalent to 10% protein).
Diets containing 5.0% egg proteins and a mixture of 

5.0% egg proteins + 8.4% glutamic acid were also pre­
pared. The composition of the experimental diets was 
similar to that described by Tasker e t  al. (1962). The 
contents of four essential amino acids of the diets (amino 
acids g/16 gN) calculated using the figures for the amino 
acid composition of the proteins of egg and cow’s milk 
given by the FAO/W1IO Expert Group (1965) are given 
in Tables 1 and 2.
Protein efficiency ratio
The protein efficiency ratio of the diets was determined 

by the rat growth method of Osborne e t  al. (1919). 
Freshly weaned male rats (21 days old) from the labora­
tory stock colony (Wistar strain) were allotted to differ­
ent groups according to randomized block design. They 
were housed individually in cages fitted with raised wire 
mesh bottoms. The diets were mixed with twice their 
weight of cold water to prevent scattering.
Records of the weekly increase in body weight and daily 

food intake of the individual animals were maintained. 
The PER was calculated from the data obtained. Data 
reported earlier with 6.5 to 8.5% levels of egg proteins 
(Venkat Rao e t  al., 1964) are also given for comparison.

RESULTS
Growfh rates
The growth rates of rats fed on different levels of milk- 

proteins (with and without added L-glutamic acid) are 
given in Table 3. The rats fed 10% milk proteins gained
98.4 g in 4 weeks ; the groups receiving lower levels of 
protein gained less. The addition of L-glutamic acid to

4 3 2 — JOURNAL OF FOOD SCIENCE— Volume 3 3  (1 9 6 8 )
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Table 1. Essential am ino acids (g /1 6  g  N ) E /T N  ratios and chemical scores of egg pro­
teins diluted w ith glutam ic acid.

Amino acids
Hen’s egg 

protein 
(HEP) only

HEP 8.5% 
-f- G.A. 
2.5%

HEP 7.5% 
-f~ G.A. 
4.2%

HEP 6.5% 
+  G.A. 
5.8%

HEP 5.0% 
G.A. 

8.4%

Lysine 6.40 5.44 4.80 4.16 3.20
T otal sulphur amino acids 5.50 4.68 4.13 3.58 2.75
T hreonine 5.10 4.34 3.83 3.32 2.55
T ryptophan 1.60 1.36 1.20 1.04 0.80
T otal essential amino acids 51.3 43.61 38.48 33.35 25.65
E /N A  ratio 1.05 0.89 0.79 0.68 0.53
E /T N  ratio 3.22 2.73 2.41 2.09 1.61
Chemical score (egg 

protein 100) 100 85 75 65 50

Table 2. Essential amino acids (g /1 6  g  N )  E /T N  ratio  and chemical score of cow’s milk 
proteins diluted w ith L -glu tam ic acid.

Amino acids
Cow’s milk 

protein only 
(CMP)

CMP 8.5% 
+  G.A. 
2.5%

CMP 7.5% 
T  G.A. 
4.2%

CMP 6.5% 
T  G.A.
5.8%

CMP 5.0% 
-j- G.A. 
8.4%

Lysine 7.80 6.63 5.85 5.07 3.90
T otal sulphur amino acids 3.30 2.81 2.48 2.15 1.65
T hreonine 4.60 3.91 3.45 2.99 2.30
T  ryptophan 1.40 1.19 1.05 0.91 0.70
T otal essential amino acids 50.3 42.76 37.73 32.70 25.15
E /N E  ratio 1.0 0.85 0.75 0.65 0.5
E /T N  ratio  
Chemical s c o re : (egg

3.15 2.68 2.36 2.05 1.58

protein 100) 60 50 45 40 30

Table 3. P ro te in  efficiency ra tio  of cow’s m ilk proteins and egg protein diluted w ith varying 
levels of glutam ic acid. (P e rio d  of experim ent, 4 w eeks) (10 male ra ts  per g ro u p ).

Source of
Group no. protein

Level of 
protein in 

diet
(N X 6.25)

Initial
body

weight
(g)

Gain in 
body 

weight 
(g/4 weeks)

Protein
intake

(g) PER

Series I :
1. Cow’s milk (10% ) 10.2 37.4 98.4 28.32 3.49
2. Cow’s m ilk (8 .5% ) 8.6 37.4 84.0 22.54 3.72
3. Cow’s m ilk

8.5% +  G A 2.5% 10.3 37.0 65.2 23.69 2.76
4. Cow’s m ilk 7.5% 7.6 37.1 75.2 18.03 4.18
5. Cow’s m ilk

7.5% +  GA 4.2% 10.2 37.2 52.0 22.74 2.28
6. Cow’s m ilk 6.5% 6.6 36.9 64.0 15.45 4.15
7. Cow’s milk 

6.5% +  GA 5.8% 10.2 37.4 40.8 20.96 1.92
8. Cow’s m ilk 5% 5.1 37.0 45.6 11.71 3.90
9. Cow’s milk 

5%  +  GA  8.4% 10.2 37.1 24.8 16.90 1.46
Standard  e rro r of the 

mean (72 df)

Series I I  :
10. Egg, 5% 5.18 37.7

±  2.5 

68.5 14.12

±0 .08

4.84
11, Egg, 5%  +  L-glutam ic 

acid 8.4% 10.22 37.5 67.5 23.47 2.88

12. Egg, 10% 10.24 37.8 125.7 27.28 4.60
Standard  erro r of the 

mean (18 df) ±  3.6 ±0 .07
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Table 4. T he influence of added L -glutam ic acid on the g row th of ra ts and P E R  of diets containing 5 to 8.5%  m ilk o r egg proteins.

Level of 
egg or milk 
protein in 

diet 
(% )

Level of 
glutamic 
acid in 

diet 
(% )

Gain in weight (g/4 weeks) PER

Milk
protein

only

Milk pro­
tein -{-G.A. 

to make 
totalN 

equivalent 
to 10% 
protein

Egg
protein

only

Egg pro­
tein +G.A. 

to make 
total N 

equivalent 
to 10 fo  
protein

Milk
protein

only

Milk pro­
tein +G.A. 

to make 
total N 

equivalent 
to 10% 
protein

Egg1
protein

only

Egg pro­
tein -(-G.A. 

to make 
total N 

equivalent 
to 10% 
protein

10.0 98.4 132.42 3.49 4.68
8.5 2.5 84.0 65.2 105.7 105.8 3.72 2.76 4.74 4.03
7.5 4.2 75.2 52.2 95.0 101.6 4.18 2.28 4.72 3.53
6.5 5.8 64.0 40.8 90.9 90.4 4.15 1.92 4.64 3.12
5.0 8.4 45.6 24.8 68.5 67.5 3.90 1.46 4.84 2.88

1 D ata  for diets containing 6.5 to 8.5% protein  from  V enkat Rao e t  a l. (1964).
2 M ean values for 4 groups of 8 male ra ts each, one group run  w ith each of the four levels of added G.A.

milk protein (5.0 to 8.5%) adversely affected the growth 
rates of rats.
Data previously published (Venkat Rao e t  al. 1964) for

6.5 to 8.5% egg proteins and obtained in the present study 
for 5% egg protein (with and without L-glutamic acid) 
(Table 4) indicated that the 4-week gains were propor­
tional to the quantity of egg protein in the diet, but in this 
case, dilution of the protein with L-glutamic acid did not 
adversely affect growth rates.
Protein efficiency ratios

The PER of cow’s milk proteins at 5.0 to 10.0% levels 
ranged from 3.49 to 4.18. Dilution of milk proteins (8.5% 
to 5.0%) with L-glutamic acid (to maintain the N equiva­
lent of the diet to 10.0% protein) brought about a pro­
gressive decrease in the PER.
The PER data of Venkat Rao e t  al. (1964) for 6.5 to 

8.5% egg proteins and obtained in the present study for 
5.0% egg protein (with and without glutamic acid) indi­
cated that the PER progressively decreased when the egg 
protein content decreased and the L-glutamic acid content 
increased in the diet.

DISCUSSION
The FAO/WHO Expert Group on Protein Require­

ments (FAO/WHO, 1965) suggested that the ratio be­
tween essential amino acids to total nitrogen (E/TN ratio) 
will be a good index of the nutritive value of proteins. The 
results presented in this paper indicate that though the 
E/TN ratio for milk and egg proteins (with and without 
added glutamic acid) is nearly equal, there is considerable 
difference in the PER of the blends. It is evident there­
fore that E/TN ratio is not a reliable index of the nutritive 
value of proteins. On the other hand, the ‘Chemical Score’ 
of the proteins (based on the limiting essential amino 
acids) diluted with different levels of L-glutamic acid is a 
reliable index of the nutritive value of proteins as seen 
from Table 5.
A mixture of 5.0% egg proteins + 8.4% glutamic acid 

containing 3.3 g lysine, 0.8 g tryptophan, 2.8 g threonine 
and 2.8 g total sulphur amino acids per 16 g N and having 
a chemical score of 50, possesses a PER of 2.88. PER of 
similar order has not so far been reported for other dietary 
proteins having similar amino acid compositions, and 
chemical score (Block e t  al., 1946).

Table 5. E ssen tia l/non-essen tia l amino acid ra tio  ( E /N E  ra tio ) , E /T N  ratio , chemical score 
and P E R  of egg and cow’s m ilk proteins diluted w ith glutam ic acid (level of pro tein  in  diet, 10%).

Protein source
E/TN
ratio

E/N E
ratio

Chemical
score1 PER

PER (4 
weeks) as 

% of 
PER of 
whole 
egg

Series I :
H en ’s egg 10% 3.22 1.05 100 4.74 100
E g g  8.5%  +  l-glutam ic acid 2.5% 2.73 0.89 85 4.03 85
E gg 7.5%  +  l-glutam ic acid 4.2% 2.41 0.79 75 3.53 74
E g g  6.5% +  l-glutam ic acid 5.8% 2.09 0.68 65 3.12 66
E g g  5.0%  +  l-glutam ic acid 8.4% 1.61 0.53 50 2.88 61
Series I I :
Cow’s m ilk 10% 3.15 1.0 60 3.49 74
Cow’s m ilk 8.5%  +  l-glutam ic 

acid 2.5% 2.68 0.85 SO 2.76 58
Cow’s m ilk 7.5% +  l-glutam ic 

acid 4.2% 2.36 0.75 45 2.28 48
Cow’s m ilk 6.5% +  l-glutam ic 

acid 5.8% 2.05 0.65 40 1.92 41
Cow’s m ilk 5.0% +  l-glutam ic 

acid 8.4% 1.58 0.50 30 1.46 32

1 T ak ing  the chemical score of whole egg as 100 according to Block e t  a l. (1946).
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The results further indicate that both egg and milk 
proteins contain adequate amounts of non-essential amino 
acids for the maximum utilization of the essential amino 
acids and addition of L-glutamic acid to egg or milk pro­
teins does not bring about a higher growth rate. These 
results are in conformity with those of Stucki e t  al.
(1962) who found that in diets based on a well-balanced 
mixture of amino acids, a mixture having E/NE ratios of
1.0 (similar to that in egg proteins) promoted the maxi­
mum growth and possessed the maximum PER. It is 
difficult to offer an explanation for the results of Snyder- 
man e t  al. (1962) who report that addition of non-essen­
tial nitrogen such as urea and glycine improved N reten­
tions in infants receiving 1.1 g/kg of milk proteins. These 
claims require confirmation.
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A D D  THE FOURTH DIMENSION ....
. . . Discipline. It’s at the root of growth in knowledge, 
in application, in personal stature. Food professionals 
continually ask themselves: how much do we really know 
about the substance and tools of our profession? We need 
to know more about the disciplines at the base of the 
processes we use. We need to rub gray matter with the 
high-caliber minds that roost in the speakers, the listeners 
at IFT’s upcoming Annual Meeting. There the word will 
be BASIC, but for disciplined u s e— by you in reaching 
and keeping professional maturity and know-how; by your 
company or organization in gathering helpful information 
on accomplishments and, more important, trends in the 
food world. Add the fourth dimension to your discipline—  
plan to come fourth and be present at the

I FT 29th ANNUAL MEETING

CHICAGO MAY 11-15, 1969
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L e m o n  O i l  A n a ly s is .  3 . R a p id ,  C a p i l la r y  G a s  C h r o m a t o g r a p h y  

W i t h  C o m b in e d  F lo w  a n d  T e m p e r a tu r e  P r o g r a m m in g

SUMMARY—Without preliminary treatment, cold-pressed lemon oil was gas chromatographed on a 100-ft temperature and flow programmed capillary in 10 min. Twenty impor­tant volatile flavor constituents were identified and approx­imately 40 more were detected. The speed and convenience of this procedure suggest use in general survey applications.
INTRODUCTION

W it h  t h e  d e v e lo p m e n t  of temperature-programmed 
capillary gas chromatography (GC), it became possible to 
separate more than 100 volatile components in a single 
sampling of cold-pressed lemon oil injected under mild 
conditions into a 300-ft column (MacLeod e t  al., 1966b). 
The procedure required 2 hr of unattended operation which 
was acceptable for research purposes but somewhat lengthy 
for general survey applications. Zlatkis e t  al. (1965) have 
suggested combined flow and temperature programming 
for accelerating GC analysis at minimal cost in column 
resolution. Such a policy was employed here on a 100-ft 
capillary to provide a rapid, yet efficient GC method for 
analyzing lemon oil flavor volatiles.

EXPERIMENTAL
Apparatus
GC analysis was performed on a Perkin-Elmer hy­

drogen-flame ionization gas chromatograph, model 226, 
equipped with a 100-ft X 0.010-in.-ID stainless-steel capil­
lary column coated with a mixture of 90% w/w decolorized 
Apiezon L and 10% w/w IGEPAL CO-880. Flow pro­
gramming of the helium carrier gas was attained either

7 0  8 0  1 9 0  ¡ 0 0  ' H O  1 ¡ 2 0  ' ¡"30 ' L 4 0  ' T i i o  ' ¡ 6 0  ' 1 7 0
T e m p e r a t u r e  ®C

1 5 1 8  2 1  2 5  2 9  3 4  3 9  4 4  5 0  5 6  6 4
P r e s s u r e ,  p . s . i .

F ig . 1 . A u to m a tic  d u a l te m p e r a tu r e -  a n d  f lo w -p r o g r a m m e d  g a s  
c h r o m a to g r a m  o f  C a lifo rn ia  c o ld -p r e s s e d  lem o n  o il on a  1 0 0 -f t, 
O .O lO -in .-ID  c a p il la r y  c o a te d  w i th  1 0 %  w / w  C O -8 8 0  in  d e c o lo r is e d  
A p ie z o n  L .

manually by periodically increasing the inlet pressure or 
automatically by a Perco-Flo-trol programmer inserted in 
the carrier gas line just upstream from the injector block 
inlet.
Sample injection
A 0.1 g l sample of USP, cold-pressed lemon peel oil 

was taken up in a Hamilton model 7101 microsyringe and 
injected into the GC inlet which was maintained at 120°. 
The sample was immediately vaporized in the carrier gas 
stream and split 100:1. The smaller portion was then 
swept with the carrier gas into the capillary column.
Automatic temperature and flow program
Simultaneously with sample injection the column tem­

perature was linearly programmed at 10o/min from 70° to 
175° during 10.5 min. Similarly, the inlet carrier gas pres­
sure was programmed exponentially from 15 to 68 psig 
with the Flo-trol programmer.
Optional manual flow and temperature program
Upon sample injection the column temperature was 

maintained isothermally at 55° for 0.5 min, then succes­
sively linearly programmed at 50°/min for 0.5 min to 80°, 
20°/min for 0.5 min to 90°, 10°/min for 8 min to 170° 
and then maintained at 170° for 1 min. The carrier gas 
flow was programmed quasi-exponentially by manual step­
wise increase of the carrier gas inlet pressure from 16 to 
18, 21, 24, 28, 32, 36, 42, 48, 56 and 64 psig, respectively, 
at 1-min intervals after sample injection.
Identification of flavor constituents
All compound identifications in Table 1 were based upon 

quantitative proportionality and retention time identity 
with compounds previously identified in cold pressed lemon 
oil by combined gas chromatography and mass spectros­
copy (MacLeod e t  al., 1966b).

Table 1. Identities of peaks in F ig . 1.

1. a-thujene 11. p, a-dim ethylstyrene
2. a-pinene 12. terpineol-4
3. sabinene 13. neral
4. m yrcene 14. a-terpineol
S. /3-pinene IS. géranial
6. p -cymene 16. neryl acetate
7. limonene 17. geranyl acetate
8. 7 -terpinene 18. a-bergm otene
9. terpinolene 19. caryophyllene

10. citronellal 20. (3-bisabolene
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H y d r o c h lo r ic  A c id  in  Is o la t in g  A n th o c y a n in  P ig m e n ts

f r o m  M o n t m o r e n c y  C h e r r ie s

INTRODUCTION
T h e  use  of strong- and weak-acid ion-exchange resins 

during the isolation of anthocyanin pigments from fruits 
is a common technique. Hydrochloric acid is added to the 
elution solvent to facilitate removal of the pigment from 
strong-acid resins (e.g., Dowex 50) and is commonly 
added during elution of pigment from weak-acid resins 
(e.g., Amberlite CG50) to prevent formation of the 
anhydrobase.
During the isolation of pigments from Montmorency 

cherries, it was found that different resins yielded variable 
results associated with minor changes in technique. The 
purpose of this note is to demonstrate that the use of HC1 
in connection with resins may result in the isolation of 
pigments not naturally occurring, and in incorrect relative 
proportions.

EXPERIMENTS AND RESULTS
Th e  source of pigment for the experiments with the 

strong-acid resin (Dowex 50W-4X) was a 5% acetic acid 
in methanol extract of lyophilized Montmorency cherries, 
whereas the source of pigment for the weak-acid resin 
(Amberlite CG50, Type I) was cherry juice applied di­
rectly to the resin. In both instances, the resins were 
washed with 20 volumes of distilled water to remove inter­
fering substances. To accomplish the removal of pigment 
from strong-acid resin, 1% HC1 in methanol was used. 
Pigment was removed from the weak-acid resin with 5% 
acetic acid in 95% ethanol.
The HCl-methanol eluate was collected and divided into 

two fractions. One fraction was dried under vacuum at 
40°C without further treatment; the other was neutralized 
with sodium hydroxide, reacidified with acetic acid and 
concentrated under vacuum at 40°C. When nearly dry, 
1 ml of 0.1% HC1 in ethanol was added and the solution 
evaporated to dryness as above. The acetic acid-ethanol 
eluate from the weak-acid resin was treated in the same 
manner as the neutralized eluate above.
Separation of the individual pigments was accomplished 

by descending paper chromatography on Whatman 3-mm 
paper, using 1 % HC1 as solvent. Strips were cut from the 
dried chromatograms and scanned by an Analytrol densi­
tometer, using a 550-m//. interference filter (Fig. 1).
Electrophoresis has been used previously to establish the 

relative amounts of the three naturally occurring antho­
cyanin pigments in Montmorency cherries (Schaller e t  al. ,
1968) (Table 1). The relative proportions of pigments 
isolated by each procedure and determined by Analytrol 
traces are calculated in Table l.It is apparent that no

* Research assistant, U niversity  of W isconsin.

F ig . 1. A n a ly t r o l  tra c e s  o f  c h e r r y  p ig m e n t  o b ta in e d  f r o m  p a p e r  
c h r o m a to g r a m s  d e v e lo p e d  w i th  1 %  H C l .

A .  P ig m e n ts  o b ta in e d  f r o m  A m b e r l i te  C 650 . T y p e  I  p ig m e n ts  
r e m o v e d  w i th  9 5 %  e th a n o l.

B . P ig m e n ts  o b ta in e d  f r o m  D o w e x  5 0 -4 X . E lu a te  n e u tr a l is e d  to  
r e m o v e  H C l  p r io r  to  d ry in g .

C. P ig m e n ts  o b ta in e d  f r o m  D o w e x  5 0 -4 X . H C l  re m a in in g  in  
e lu a te  d u r in g  d r y in g .

P ig m e n t  1 — c y a n id in  3 -g e n tio b io s id e , P i g m e n t  2— c y a n id in  3 -  
r h a m n o g lu c o s id e , P ig m e n t  3— cya n id in  3 -m o n o g lu c o s id e , P ig m e n t  
4— cya n id in , R — re s id u e .

method using resin reproduced the known pigment ratio, 
and the unneutralized eluate obtained from the strong-acid 
resin yielded two anomalous pigments (la, 4) together 
with a significant increase in the amount of cyanidin-3- 
monoglucoside. During washing of the weak-acid resin, 
some loss of pigment was noted.
To demonstrate that the two anomalous pigments found
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Table 1. Relative am ounts of cherry  pigm ents obtained by various m ethods of isolation.

Pigment
Electrophoresis

%

Crude pigment 
obtained from 

weak-acid 
resin

%

Crude pigment 
obtained from 

strong-acid 
resin

(neutralized)
%

Crude pigment 
obtained from 

strong-acid 
resin

(non-neutralized)
%

Crude pigment 
obtained from 

strong-acid 
resin

(non-neutralized) 
reapplied onto 

weak-acid resin 
%

1 Cyanidin-3-
gentiobioside 62 48 54 40 48

la Cyanidin-
diglycoside 9 2

2 Cyanidin-3-
rhamnoglucoside 35 49 44 38 44

3 Cyanidin-3-
monoglucoside 3 3 2 10 4

4 Cyanidin 3 2

in the unneutralized fraction were not lost during washing 
of the weak-acid resin, an eluate containing these two pig­
ments was reapplied to the weak-acid resin. The results of 
this experiment (Table 1) showed that the weak-acid 
resin would have retained these pigments if they had been 
present. Pigment 4 was shown to be cyanidin and pigment 
la a cyanidin-diglycoside. The complete identity of the 
latter is not known, and its occurrence cannot be attributed 
to a partial hydrolysis by HC1. It would seem, therefore, 
that using resin in the isolation of pigments cannot be relied 
upon to yield the natural relative proportions of pigments, 
and eluates containing HC1 must be neutralized prior to 
drying to avoid the formation of anomalous pigments.

Titration of aliquots showed that the HC1 concentration 
rose to 20% during the latter stages of drying. It seems 
logical, therefore, that the appearance of the two anomalous 
pigments (cyanidin and Band la) together with a signifi­
cant increase in the amount of cyanidin-3-monoglucoside 
results from chemical degradation occurring during the 
drying step when HC1 is present. This may explain why 
some workers have reported traces of anthocyanidins pres­
ent in some investigations.
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Q u a n t i t a t iv e  D e te r m in a t io n  o f  D ia c e ty l  b y  E le c t ro n  C a p tu r e

INTRODUCTION
T h e  im p o r t a n c e  o f  d ia c e t y l  as a flavor compound 

in foods is widely recognized. In some existing methods 
for the quantitative determination of diacetyl in foods, the 
diacetyl is purged from the sample with nitrogen gas, 
trapped as dimethylglyoxime in buffered hydroxylamine 
and converted to a colored complex by reaction with fer­
rous sulfate (Owades e t  al. , 1963 ; Pack e l  al. , 1964). The 
colored complex is then measured spectrophotometrically. 
A polarographic method for the determination of diacetyl 
in buttermilk has been described (Ferren e t  al., 1967). 
These methods are suitable for measuring diacetvl in the 
parts per million range but not in lesser amounts. Since 
the average flavor threshold for diacetyl in milk has been 
found to be 10-20 parts per billion (ppb) (Bennett e t  al., 
1965; Hempenius e t  al., 1966; Scanlan, 1967), a method 
capable of determining diacetvl in this range would be 
useful in flavor work.
A gas entrainment, on-column trapping procedure for

gas chromatographic analysis of flavor volatiles designed 
by Morgan and Day (1965) has been used for the quanti­
tative determination of volatile compounds in foods (Bills 
e t  al., 1966; Langler e t  al., 1967). As originally described, 
a flame ionization detector was employed for the detection 
of compounds. However, a recent report indicated that the 
electron capture detector is 1,200 times more sensitive to 
diacetyl than the flame ionization detector (Shilman e t  al.,
1966). This communication describes the quantitative de­
termination of diacetyl in the parts per billion range using 
the gas entrainment, on-column trapping procedure with 
an electron capture detector.

EXPERIMENTAL
K n o w n  a m o u n t s  o f  d ia c e t y l  were added to samples 

of whole milk. Ten-ml samples of milk were pipetted into 
screw-capped vials (Kimble No. 60957, size 1) containing 
approximately 1 mg of tetradecanol to control foaming 
during collection of volatiles. The vials were sealed by
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means of screw-caps fitted with silicone rubber liners and 
shaken vigorously to mix the milk and the tetradecanol. 
The operating parameters for the analyses were:

Entrainm ent apparatus

Purge time and rate 
Water bath temperature
Gas chrom atographic con

Instrument 
Detector temperature 
Detector pulse interval 
Detector purge rate

10 min at 10 ml/min of N<> 
37°C ± 2°C

ditions

Column

Column dimensions 
Column temperature 
Flow rate

F & M Model 810 
200°C
150 microseconds 
140 ml/min of 5% methane 
in argon

20% l,2,3-7m(2-cyano- 
ethoxy) propane on 80- 
100 mesh Celite 545 

13.5 ft X J-6-in. O.D. 
isothermal 70° C 
24 ml/min of 5% methane in 
argon

RESULTS AND DISCUSSION
Peak heights obtained for the various concentrations of 

diacetyl added to milk were plotted to obtain the standard 
curve shown in Fig. 1. Each point on the curve represents 
the mean of two determinations. Although not shown on 
the curve in Fig. 1, samples containing 80 and 160 ppb 
were also analyzed and the recorder response was also 
linear throughout this range.
Five replicate samples of heated milk were analyzed for 

diacetyl. The mean for these samples was 30.3 ppb, the 
range 29.0-31.5 ppb and the standard deviation 1.04.
The procedure described herein is a sensitive, rapid 

method for the quantitative analysis of diacetyl. Concen­
trations of diacetyl at the average flavor threshold for milk 
can easily be determined by this procedure. In our labora­
tory samples of milk containing as little as 2-3 ppb of 
diacetyl have been successfully analyzed. Although the 
procedure has been used only on milk, undoubtedly a 
variety of food products could be analyzed for diacetyl 
using this procedure.
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T h e  M in o r  P ig m e n t  C o m p o n e n t  o f  M o n t m o r e n c y  C h e r r ie s

INTRODUCTION
T h e  m a j o r  p igm en ts  in  M o n tm o re n c y  che rries  w e re  

id e n tifie d  as cyan id in -3 -rh a m n o g lu co s id e  and c y a n id in -3 - 
gen tiob ios ide  by  L i  et al. (1 9 5 6 ). I n  an a tte m p t to  iso la te  
these p igm e n ts  fo r  an thocya n in  stud ies, a th ir d  n a tu ra lly -  
o c c u rr in g  an thocya n in  p igm e n t was noted. T h e  id e n tif i­
ca tion  is here in  described.

EXPERIMENTS AND RESULTS
B o t h  f r e s h  and p itte d  frozen  M o n tm o re n c y  che rries  

(.P r u n u s  c era sn s  L . ,  v a r. M o n tm o re n c y ) w e re  used in  th is  
s tud y . S o lven ts  used fo r  paper ch ro m a to g ra p h y  are g iven  
in  T a b le  1. T h e  chrom ogen ic  sp ray reagent used fo r  lo ca t­
in g  sugars in  paper c h ro m a to g ra p h y  was th a t o f M u k h e r je e  
et al. (1 9 5 2 ) . Is o la t io n  o f the c rude  p ig m e n t was accom ­
p lishe d  b y  a p p ly in g  c h e rry  ju ic e  to  the  w eak-ac id  res in  
co lum n  described by  S akam ura  et a l. (1 9 6 1 ) . S epara tion  
o f in d iv id u a l p igm e n ts  w as effected by  successive paper 
c h ro m a to g ra p h y  us ing  1% HC1 and 0 .1%  HC1 (T a b le  1) 
as solvents.

T h e  id e n tific a tio n  o f the  p ig m e n t was c a rr ie d  o u t us ing  
the  fo llo w in g  s tandard  techniques. R ( va lues w e re  ob ta ined

a R e se a rch  a ssistan t in  F o o d  Sc ien ce , U n iv ersity  o f W isco n sin .

fo r  the  an thocyan in , its  ag lycone and sugar m o ie ty  u s in g  
the  respective  so lven t systems lis te d  in  T a b le  1. T h e  p o ­
s itio n  o f the  sugar m o ie ty  on the  ag lycone was v e r if ie d  by 
the  hyd ro g e n  pe ro x id e  de g rada tion  (C h a n d le r et a l., 19 61 ). 
V is u a l spectra l da ta w ere  ob ta ined to  de te rm in e  the  m a x i­
m um  a b so rp tion  peak and to  ca lcu la te  the  E 440/ E max ra tio . 
T h e  resu lts  o f these exp e rim e n ts  are lis te d  in  T a b le  2. 
F ro m  these da ta  i t  was concluded th a t the m in o r  p ig m e n t 
com ponent is cyan id in -3 -m onog lucos ide .

P aper e lec trophores is  o f sk in  sections f ro m  fre sh  f r u i t  
resu lted  in  the  separa tion  o f th ree  p igm ents . T h e  p igm e n ts  
w ere  show n b y  paper c h ro m a to g ra p h y  to  be c y a n id in -3 - 
gen tiob ios ide , cyan id in -3 -rham n og luco s id e , and c y a n id in -3 - 
m onog lucoside. A n a ly t ro l traces o f the paper s tr ip s  (5 5 0  
m/x f i l t e r )  showed ra tio s  o f 6 2 :3 5  :3, respective ly .

S epara tion  o f the  p igm en ts  fro m  the sk in  occu rre d  
w ith in  0.5 h r  a t 3 °C , and com ple te separa tion  o f the in d i­
v id u a l p igm en ts  w ith in  5.5 h r. In d iv id u a l p u r if ie d  p ig ­
m ents, w h en  sub jected to  paper e lec trophores is  u n d e r the 
con d itions  used fo r  fresh  f r u i t  skins, w e re  observed to  
tra v e l as a s ing le  band. I t  is, the re fo re , conc luded th a t 
cyan id in -3 -m ono g lucos ide  is a n a tu ra lly  o c c u rr in g  p igm e n t 
present in  sm all quan tities .

T a b le  1. S o lv e n t system s used in paper ch rom atog rap h y  o f anth ocyan in s, anth ocyan id ins 
and su g ar m oieties.

Solvent
notation Composition

Solvent phase 
used for 

chromatography

Used for 
separation 

of

1 5 %  H A c 1 5 %  ace tic  acid  by vol. en tire  so lution anth ocyan id ins

B A W n -b u ta n o l: ace tic  acid  : 
w ater 4 : 1 : 5  by vol.

upper phase anthocyanid ins
anth ocyan in s

B u H C l n -b u ta n o l:2 N  HC1 
1 :1  by vol.

upper phase anth ocyan in s

1 %  HC1 w ater : 12 N  HC1 
97 :3  by  vol.

en tire  so lution anth ocyan in s

0.1 H Q w ater : 12 N  HC1 
9 9 .7 :0 .3  by  vol.

en tire  so lution anth ocyan in s

H A c  : HC1 acetic  acid  : H Q  : w ater 
15 :3  :8 2  by vol.

en tire  solution anth ocyan in s

F o rre s ta l w a te r : a ce tic  acid  : HC1 
1 0 :3 0  :3  by  vol.

en tire  solution anth ocyan id ins

F o rm ic fo rm ic  a c id : H C 1 : w ater 
5 : 2 : 3  by  vol.

en tire  solution anthocyanid ins

P E W p ro p a n o l: eth y l a ceta te  : 
w ater 7 : 1 : 2  by  vol.

en tire  solution su gar

E A W ethyl a c e ta te : ace tic  a c id : 
w ater 3 : 3 : 1  by  vol.

en tire  so lution su gar
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T a b le  2. C h ro m ato g rap h ic and sp ectrop h otom etric  d ata used to  id en tify  the m in or p igm ent com ponent. 

R f value in solvents

Moiety B A W BuHCl HAcHCl 1%  HC1 15%  HAc Forrestal Formic P EW EAW
E max 

±  1 m fi
E-l-io/Emax 

(as %)
A icL
Shift

Identifica­
tion

A nth ocyanin 0.38 0.31 0.23 0.05 525 22 + cyanid in 3-

A nth ocyanid in 0.53 0.14 0.50 0.24 535 +

m on ogluco-
side
cyanidin

Cyanidin 0.53 0.14 0.50 0.24 535 +
S u g a r 0.28 0.25 glucose
G lucose 
H 2O 2 d eg ra ­

dation

0.28

0 .27

0.25

glucose

1 R i  values m easured  to  cen ter o f spot.
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NOTICE

P a g e  C h a r g e s  fo r  P u b l i c a t io n  o f  R e s e a r c h  P a p e r s

□  P u b lic a tio n  c o s ts  an d  p u b lic a tio n  p re s s u re s  h a v e  in ­
c rea se d  a t  a  f a s t  r a te  o v e r  th e  p a s t  fe w  y e a rs . T h e  
r e s u l t  is  p ro b lem s f o r  a ll  p u b lis h e rs , in c lu d in g  th e  
I n s t i tu te  of Fo o d  T ec h n o lo g is ts . A n  e x am p le  o f  p u b ­
lic a tio n  p re s s u re  is  th e  c o n s id e ra b ly  h ig h e r  r a te  of 
re c e ip t  of re s e a rc h  m a n u s c r ip ts  f o r  F o o d  T e c h n o lo g y  
c o m p a red  w ith  th e  r a te  o f  p u b lic a tio n  in  th e  jo u rn a l . 
O ne so lu tio n  to  th is  p ro b le m  is  th e  p u b lic a tio n  of 
sp e c ia l o r  su p p le m e n ta l  is su e s  a t  g r e a t  e x p en se  to  th e  
I n s t i tu te .

A t  th e  O c to b e r 1967 E x e c u tiv e  C o m m itte e  m e e tin g , 
th e  S u b c o m m itte e  on P u b lic a t io n s  re co g n ize d  a n d  a c ­
k n o w led g ed  th e  p ro b lem  p o sed  b y  in c re a se d  c o s ts  and  
p re s s u re s ,  a n d  d isc u sse d  th e  m a t t e r  a t  le n g th . T h e  
E x e c u tiv e  C o m m itte e  th e n  v o te d  u n a n im o u s ly — a s  a  
f in an c ia l e x p e d ie n t— to  e s ta b lish  a  p a g e  c h a rg e  fo r  
re se a rc h  a r t ic le s  o f  $30 p e r  p a g e  p r in te d  in  e ith e r  
F o o d  T e c h n o lo g y  o r  th e  J o u r n a l  o f  F o o d  S c i e n c e .
□  T h e  p a g e  c h a rg e  w ill be  e ffec tiv e  f o r  re s e a rc h  m a n u ­

s c r ip ts  rece iv ed  a f te r  A p r il  1, 1968. T h e  p a g e  c h a rg e  
is  s u b je c t  to  a d ju s tm e n t  by  th e  E x e c u tiv e  C o m m itte e  
u p o n  re co m m e n d a tio n  o f th e  S u b c o m m itte e  on F in a n c e  
a f t e r  su i ta b le  e x p e rien c e  h a s  b een  g a in e d .

T h e  p a g e  c h a r g e  shall no t  c o n s t i t u t e  a  b a r  to  th e  
a c c e p t a n c e  o f  r e s e a r c h  p a p e r s  f o r  p u b l i c a t i o n  b e c a u s e  
a n  a u t h o r  is  u n a b le  to  p a y  th e  c h a r g e .
□  I t  is  th e  v iew  o f th e  E x e c u tiv e  C o m m itte e  t h a t  th e  
p a g e  c h a rg e  is  a  m a t t e r  o f p o licy  in  e ffec tiv e  a d m in ­
is t r a t io n  o f  th e  jo u rn a ls ,  so lo n g  a s  th e  p a g e  c h a rg e  
is  n o rm a l f o r  o th e r  s im ila r  jo u rn a ls ,  i t  is  im p o sed  a t  
a  re a so n a b le  lev e l, i t  p ro v id es  f o r  h a rd s h ip  c a se s  so 
t h a t  i t  is  n o t  a  b a r r i e r  to  p u b lic a tio n , an d  i t  is  n e ce s­
s a ry  a n d  d e fen sib le  fo r  f in an c ia l re a so n s . A t  th e  r e ­
q u e s t  of th e  E x e c u tiv e  C o m m itte e , c o n c u rre n c e  o f  th e  
C ouncil P o licy  C o m m itte e  w a s  o b ta in e d . T h is  p u b lic a ­
tio n  is  to  se rv e  a s  n o tic e  t h a t  th e  $30 c h a rg e  p e r  
p r in te d  p a g e  w ill becom e e ffec tiv e  f o r  re s e a rc h  m a n u ­
s c r ip ts  rece iv ed  a f te r  A p ril  1, 1968. •
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