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Enthalpy and specific heat o f  m eat and fish  
in the freezing range

F . L . L E V Y

S u m m a r y

F r e e z in g  t im e ,  w e ig h t  lo s s  a n d  p o w e r  d e m a n d  c a n  b e  c a lc u la t e d  b y  e q u a t io n s  in  
w h ic h  t h e  e n t h a lp y  g r a d ie n t ,  n a m e ly ,  th e  s p e c i f i c  h e a t  r e q u ir e s  t o  b e  e x p r e s s e d  
a s  a  t e m p e r a t u r e  f u n c t io n .  S in c e  t h e  t e m p e r a t u r e  a t  w h ic h  f r e e z in g  s ta r ts  v a r ie s  
w ith  t h e  m a te r ia l  o f  t h e  f o o d  a n d  it s  w a te r  c o n t e n t ,  t h e  a u th o r  h a s  e s t a b l i s h e d  
e q u a t io n s  f o r  t h e  f r e e z in g  p o in t  t f  o f  b e e f ,  p o r k ,  la m b  a n d  f is h  a n d  i t s  v a r ia t io n  
w ith  th e ir  w a t e r  c o n t e n t s .  T h a t  t e m p e r a t u r e  s e r v e s  a s  t h e  r e f e r e n c e  p o in t  t? =  
~ t + t f  =  0  o f  a  u n i f ie d  t e m p e r a t u r e  s c a le  w ith  e n t h a lp y  H  =  0 .  T h e  c h a n g e  o f  
e n t h a lp y  in  t h e  f r e e z in g  r a n g e  c a n  b e  d iv id e d  in t o  t w o  s e c t io n s .  T h e  f ir s t  o n e ,  
w h ic h  c o v e r s  t h e  b a n d  f r o m  ?? =  0  to i? g =  6 ,  is  c h a r a c t e r iz e d  b y  a  s t e e p  e n t h a lp y  
g r a d ie n t  w h ic h  c a n  b e  e x p r e s s e d  b y  a  l in e a r  c h a n g e  o f  t h e  r a t io  d / H  w ith  th e  
te m p e r a tu r e ? ? . T h e  s e c o n d  s e c t io n  c o v e r s  t h e  ra n g e? ?  > ? ? g a n d  is  c h a r a c t e r iz e d  
b y  a  s m a ll  e n t h a lp y  g r a d ie n t  w ith  t h e  r e s u lt in g  f u n c t io n s  H  =  C t? ” a n d  c = 
n (H /d ) .  T h e  a u th o r  h a s  e s t a b l i s h e d  e q u a t io n s  fo r  t h e  n u m e r ic a l  v a lu e s  o f  n  a n d  
C  f o r  v a r io u s  m e a t s  a n d  f is h  d e p e n d in g  o n  th e ir  w a t e r  c o n t e n t s  a n d  h a s  p r o 
d u c e d  d ia g r a m s  o f  t h e  s p e c i f i c  h e a t  in  th e  lo w  te m p e r a t u r e  r a n g e .

I n t r o d u c t i o n
T o  c h il l  a n d  f r e e z e  f o o d  c o r r e c t ly  ( p r e s e r v a t io n  o f  q u a l i ty )  a n d  e c o n o m ic a l ly  
( c o n s e r v a t io n  o f  e n e r g y ) ,  t h e  t h e r m o p h y s ic a l  p r o p e r t ie s  m u s t  b e  k n o w n  o v e r  a  
w id e  r a n g e  o f  t e m p e r a t u r e s .  D a t a  s u c h  a s  ‘f r o z e n ’ o r  ‘b e f o r e  f r e e z in g ’ d o  n o t  
s e r v e  t h e  p u r p o s e .  G r a p h s  o f  t h e  v a r ia t io n  o f  t h e  e q u iv a le n t  s p e c i f i c  h e a t  o f  
m e a t  a n d  f is h  in  t h e  lo w  t e m p e r a t u r e  b a n d  a r e  in f o r m a t iv e ,  b u t  d o  n o t  c o v e r  th e  
n e e d s  o f  t h e  r e fr ig e r a t in g  e n g in e e r  o r , m o r e  w id e ly ,  t h e  p r o c e s s  e n g in e e r  w h o  
w a n ts  t o  c a lc u la t e  f r e e z in g  t im e ,  w e ig h t  lo s s  a n d  p o w e r  d e m a n d . H e  m u s t  
h a n d le  e q u a t io n s  in  w h ic h  t h e  v a r ia t io n  o f  e n t h a lp y  is  e x p r e s s e d  a s  a  t e m p e r a 
tu r e  f u n c t io n  s u c h  a s  s t a t e d  p r e v io u s ly  ( L e v y ,  1 9 7 7 ) .
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In  th e  p r e s e n t  p a p e r  a n  a t t e m p t  h a s  b e e n  m a d e  to  p r e s e n t  ‘u n i f ie d ’ e q u a t io n s  

o f  th e  v a r ia t io n  o f  th e  e q u iv a le n t  s p e c i f i c  h e a t  ( t h e  c o r r e c t  a d j e c t iv e  ‘e q u iv a l 
e n t ’ w i l l  s u b s e q u e n t ly  b e  d r o p p e d )  o f  m e a t  a n d  f is h  in  th e  lo w  te m p e r a tu r e  
r a n g e  d o w n  to  — 4 0 C .  A n a ly s i s  o f  t h e  d a ta  fr o m  t h e  l i t e r a tu r e  ( R i e d e l ,  1 9 5 6 ,  
1 9 5 7 ,  1 9 7 6 ,  1 9 7 8 ;  R j u t o v ,  1 9 5 0 ;  L a t y s h e v ,  1 9 7 5 ;  F le m in g  1 9 6 9 )  o f f e r s  a  
w e lc o m e  o p p o r t u n it y  t o  p a y  tr ib u te  to  t h e  l i f e w o r k  a n d  a c h ie v e m e n t  o f  R ie d e l .

T h e  m a t h e m a t ic a l  fo r m  o f  t e m p e r a t u r e  f u n c t io n s  w h ic h  th e  r e fr ig e r a t in g  
e n g in e e r  n e e d s  is  s im p le r  th a n  th a t  w h ic h  th e  b io lo g is t  m ig h t  d e r iv e  fo r  f o o d -  
w a t e r - s y s t e m s .  W h e n  p r e s e n t in g  in  th is  p a p e r  t o  th e  p r o c e s s  e n g in e e r  e q u a t io n s  
a n d  d ia g r a m s  b a s e d  o n  a  ‘u n if ie d ’ t e m p e r a t u r e  s c a le  in  th e  f r e e z in g  r a n g e ,  
b io lo g is t s  m a y  n o t  f in d  th e  a n s w e r  t o  th e ir  p r a y e r s . H o w e v e r ,  it  is  h o p e d  th a t  
th e ir  lo s s  m a y  b e c o m e  th e  a p p lic a t io n  e n g in e e r ’s  g a in .

U n i f i e d  e q u a t i o n s
T h e  v a r ia t io n  o f  s p e c i f i c  h e a t  o f  m e a t  a n d  f is h  in  t h e  f r e e z in g  r a n g e  d e p e n d s  
la r g e ly  o n  th e  in it ia l  w a te r  c o n t e n t s  i|j ( m e a s u r e d  in  k g /k g )  a n d  o n  th e  p e r c e n 
ta g e  o f  w a t e r  th a t  h a s  b e e n  f r o z e n .  T h e  t e m p e r a t u r e  tf a t w h ic h  f r e e z in g  s ta r ts  
d e p e n d s  o n  i|/. P e r c e n t a g e s  o f  f r o z e n  w a te r  b e c o m e  c o m p a r a b le  o n ly  w h e n  
r e fe r r e d  t o  th e  r e s p e c t iv e  f r e e z in g  p o in t .  W ith  th e  r e la t io n s h ip
$  — t  T  tf ( 1 )
a u n i f ie d ,  p o s i t iv e  t e m p e r a t u r e  s c a le  in  th e  f r e e z in g  r a n g e , s ta r t in g  fr o m  t? =  0 ,  
s h a ll  b e  e s t a b l i s h e d  a n d  th e  v a r ia t io n  o f  e n t h a lp y  w ith  t e m p e r a t u r e  sh a ll  b e  
r e fe r r e d  t o  th a t  z e r o - p o in t ,  th u s
H  =  0  ( k c a l /k g )  a t t? =  0  ( K )  ( 2 )
S im ila r  t o  th e  F r e n c h  ‘f r ig o r ie ’ , H  w i l l  r e m a in  a  p o s i t iv e  q u a n t i ty  a s  t9 in c r e a s e s  (t 
d e c r e a s e s ) .

D o w n  to  a  c e r ta in  t e m p e r a t u r e  tg t h e  e n t h a lp y  g r a d ie n t  in c r e a s e s  s t e e p ly  u n til  
t h e  m a jo r i ty  ( s o m e  8 0 % )  o f  t h e  in it ia l  w a te r  c o n t e n t  h a s  b e c o m e  fr o z e n .  
B e y o n d  tg th e  c h a n g e  o f  e n t h a lp y  w ith  t e m p e r a t u r e  b e c o m e s  g e n t le ,  o r  
‘s m o o t h ’ . F o r  m e a t  a n d  f is h  th e  t e m p e r a t u r e  a t  w h ic h  th e  r e la t io n s h ip  c h a n g e s  
i t s  c h a r a c te r  c a n  b e  a s c r ib e d  to  t h e  u n if ie d  t e m p e r a tu r e

=  6  ( 3 )
A t  t e m p e r a t u r e s  ó  />  6  th e  v a r ia t io n  o f  e n t h a lp y  H '  ( in  th a t  r a n g e  th e  

d is t in c t iv e  d a s h  sh a ll  b e  u s e d )  w ith  t e m p e r a t u r e  c a n  b e  d e s c r ib e d  b y  th e  p o w e r  
la w
H '  =  C  d " ( 4 )
a n d  th e  e q u iv a le n t  s p e c i f i c  h e a t  b e c o m e s  
c ' =  d H '/d  ó  =  n H 't  d  = n C /d '- "  (k c a l /k g  K ) (5)



In  t h e  r a n g e  fr o m  d  =  0  t o  6  th e  r a t io  $  IH  c a n  b e  e x p r e s s e d  b y  t h e  l in e a r  
e q u a t io n
d /H  =  (1 /c o )  + d l H  ( 6 )
f r o m  w h ic h
H  =  (1 /c o  d  +  1 IH )~ l ( 7 )
I n  th is  r a n g e  o f  ‘s t e e p ’ e n t h a lp y  g r a d ie n t  t h e  s p e c i f i c  h e a t  d H Id  d  b e c o m e s  
c  =  ( H / d ) 2/co =  (1 /c o )  / (1/CO +  d  IH )2 ( 8 )
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T h e  q u a n t i ty  Co is  t h e  s p e c i f i c  h e a t  a t  th e  f r e e z in g  p o in t  ( d =  0 )  a n d  H  is  th a t  
e n t h a lp y  l im it  w h ic h  w o u ld  b e  r e a c h e d  a t  d  =  °° i f  e q u a t io n  ( 7 )  w e r e  t o  b e  v a lid  
b e y o n d  t?g .

A s  s h o w n  in  t h e  A p p e n d ix ,  in v e s t ig a t io n  o f  t h e  v a r ia t io n  o f  t{ w ith  v|j fo r  
v a r io u s  f o o d s  s h o w s  th a t  t{ c a n  b e  e v a lu a t e d  a s  a  f u n c t io n  o f  4» b y  n u m e r ic a l  
e q u a t io n s  w h ic h  s h a l l  b e  p r e s e n t e d  h e r e in a f te r .

W h e n  p lo t t in g  H '  a g a in s t  d  b e t w e e n  6  a n d  4 0  in  t h e  lo g a r i t h m ic  s c a le ,  a  
s tr a ig h t  l in e  c a n  b e  d r a w n  th r o u g h  m e a s u r e d  v a lu e s  f r o m  w h ic h  th e  in t e g e r  n  
a n d  t h e  c o n s t a n t  C  c a n  b e  e v a lu a t e d .  W ith  t h e s e  v a lu e s  t h e  e n th a lp y  H ’g a n d  th e  
s p e c i f i c  h e a t  c ' g a t i ? g c a n  b e  c a lc u la t e d  ( e q u a t io n s  4  a n d  5 ) .  A t d g t h e y  m u s t  
e q u a l  H g a n d  cg ( e q u a t io n s  7  a n d  8 )  fr o m  w h ic h
1/co =  n  ( d g/ H ' g)  ( 9 )
a n d
1 I H  = 1 / H ’g -  1/co d g = ( l —n ) / H ' g ( 1 0 )

H  a n d  H ' , a n d  c  a n d  c ' ,  c a n  n o w  b e  c a lc u la t e d  a s  fu n c t io n s  o f  d  in  t h e  
r e s p e c t iv e  t e m p e r a t u r e  r a n g e s  fo r  u s e  in  c o n n e c t io n  w ith  th e  c a lc u la t io n  o f  
f r e e z in g  t im e ,  w e ig h t  lo s s  a n d  p o w e r  d e m a n d . T h e  f o l lo w in g  l in e a r  d ia g r a m s  
m a y  b e  f o u n d  u s e f u l  s in c e  th e y  c a n  b e  r a p id ly  d r a w n  b y  u s in g  t w o  v a lu e s  o n ly ,  
n a m e ly  a t  d  =  0  a n d  d g, a n d  in  lo g a r i t h m ic  c o - o r d in a t e s  d g a n d  4 0  ( o r  a n y  o t h e r  
p a ir  o f  $  -  v a lu e s ) .  B e t w e e n  0  a n d  6  e q u a t io n  ( 6 )  y ie ld s  a  l in e a r  d ia g r a m  fo r  th e  
r a t io  $  IH  f r o m  w h ic h  a  p lo t  o f  H  a g a in s t  d  c a n  b e  d e r iv e d  w h e n  d iv id in g  d  b y  
(d /H )  ( s e e  F ig .  9 ) .  S im ila r ly ,  e q u a t io n  ( 8 )  s h o w s  th a t  a  p lo t  o f  J \ l c  a g a in s t  d  =  0  
to  6  w i l l  y ie ld  a  l in e a r  d ia g r a m  in  w h ic h  th e  r e s u lt in g  c - v a lu e s  c a n  b e  m a r k e d  o n  
th e  o r d in a t e  a x is  (F ig s .  1 , 3 ,  5 ,  7 ) .

In  t h e  r a n g e  o f  s m o o t h  e n t h a lp y  g r a d ie n t s  ( d ^ d g) b o t h / / '  a n d c '  w i ll  y ie ld  
l in e a r  d ia g r a m s  w h e n  d r a w n  in  a  s y s t e m  o f  lo g a r i th m ic  c o o r d in a t e s  ( F ig s .  2 , 4 , 6 ,  
8) .

R e s u l t s
T h e  th e r m o p h y s ic a l  d a ta  o f  v a r io u s  m e a t s  a n d  s e a f is h  w il l  b e  p r e s e n t e d  in  th e  
f o l lo w in g  o r d e r :
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%

iP
Figures la n d  2. B eef (i)i =  0 .8 ,0 .7 ,0 .6 ) .  V aria tion  of specific h ea t betw een ??= Oand 
6, and  6 and 40 K.

4

Figures 3 and 4. Pork ( i|j =  0 .65 , 0 .5 5 ,0 .4 5 ). V aria tion  of specific heat between?? =  0 
and 6, and 6 and 40 K.
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Figures 5 and 6. L am b (v|< =  0 .65, 0 .55 , 0 .45). V aria tion  of specific h ea t be tw een  r? = 
0 and 6, and 6 and 40 K.

f t  f t

Figures 7  and 8. Fish (i|r =  0 .85, 0 .75 , 0 .65). V aria tion  o f specific hea t betw een t? =  0 
and 6, and 6 and  40 K.



N u m e r ic a l  e q u a t io n  o f  t h e  f r e e z in g  p o in t  ts a s  a  f u n c t io n  o f  t h e  w a te r  c o n t e n t s
i|>.

N u m e r ic a l  e q u a t io n  o f  t h e  in t e g e r  n  v a l id  in  th e  r a n g e  o f  s m o o t h  e n th a lp y  
g r a d ie n t  ( e q u a t io n  4 )  a s  a  f u n c t io n  o f  th e  w a te r  c o n t e n t s  i|r.

N u m e r ic a l  e q u a t io n  o f  th e  c o n s t a n t  C  v a lid  in  e q u a t io n  ( 4 )  a s  a  f u n c t io n  o f  th e  
w a t e r  c o n t e n t s  4».

P a r t ic u la r  v a lu e s  o f  in t e r e s t  fo r  v a r io u s  p a r a m e t e r s  iJj.
R e f e r e n c e  t o  i l lu s tr a t io n s .
N u m e r ic a l  e q u a t io n  o f  t h e  s p e c i f i c  h e a t  c+ a t  t e m p e r a t u r e s  a b o v e  tf u p  to  

b lo o d  t e m p e r a t u r e  a s  a  f u n c t io n  o f  t h e  w a t e r  c o n t e n t s  ijr
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B e e f
t{ = - 3 ( 1 /  4* -  1 )
n =  0 . 0 6 6  +  0 .3 6 0 ( 1  -  4/) +  0 .2 1 7 ( 1  -  4 /)2 
C  =  1 1 .3 1  -  4 3 .7  4 / +  1 0 6 .3 3  4/2

4> 0 .8 0 0 .7 5 0 .7 0 0 .6 5 0 .6 0

U - 0 . 8 oT—H1 - 1 . 3 - 1 . 6 - 2 . 0
n 0 .1 4 8 0 .1 7 0 0 .1 9 4 0 .2 1 9 0 .2 4 5
C 4 4 . 4 0 3 8 .3 5 3 2 .8 2 2 7 .8 3 2 3 .3 6
H 'g 5 7 .9 5 2 .0 4 6 .5 4 1 .2 3 6 .3
H '  40 7 6 .6 7 1 .8 6 7 .1 6 2 .5 5 7 .7
l /c o 0 .0 1 5 3 0 .0 1 9 6 0 .0 2 5 0 0 .0 3 1 9 0 .0 4 0 5
1/H 0 .0 1 4 7 0 .0 1 6 0 0 .0 1 7 3 0 .0 1 9 6 0 .0 2 0 8
Co 6 5 .2 5 1 .0 3 9 .9 3 1 .4 2 4 .7

1 .4 3 1 .4 7 1 .5 0 1 .5 0 1 .4 8
C40 0 .2 8 0 .3 1 0 .3 3 0 .3 4 0 .3 5
c+ 0 .8 5 0 .8 3 0 .8 1 0 .7 8 0 .7 5

F ig s . 1 a n d  2 .
A t  d  =  0  th e  s p e c i f i c  h e a t  o f  b e e f  w ith  a  h ig h e r  c o n t e n t s  o f  w a t e r  is  h ig h e r  

th a n  th a t  w ith  lo w e r  4 » -v a lu e . W h e n  a lm o s t  a ll w a t e r  h a s  b e c o m e  f r o z e n  a t  
t?=  6 ,  t h e  c - v a lu e s  a r e  b e c o m in g  a lm o s t  e q u a l .  B e lo w  th a t  t e m p e r a t u r e  th e  
in f lu e n c e  o f  h a r d e n in g  fa ts  b e c o m e s  d o m in a n t  a n d  r e s p o n s ib le  f o r  a  r e v e r s a l  o f  
t h e  r e la t iv e  m a g n it u d e  o f  c - v a lu e s .
c  + =  0 .3 5  +  0 .8 2 5  vja (1  — 0 .3  4>)

P o rk
A n a ly s i s  o f  t h e  d a ta  b y  R j u t o v  ( 1 9 5 0 ) ,  L a t y s h e v  ( 1 9 7 5 )  a n d  p a r t ic u la r ly  

t h o s e  r e c e n t ly  p u b l is h e d  b y  R ie d e l  ( 1 9 7 6 )  t e n d s  t o  c o n f ir m  th a t ,  r e g a r d le s s  o f  
w a t e r  c o n t e n t s ,  th e  f r e e z in g  p o in t  o f  p o r k  is  p r a c t ic a l ly  c o n s t a n t ,  n a m e ly ,  
tf =  —0 .9 ° C
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For n and C the following equations are valid.

n = 0.237 -  0.315(1 -  4,) + 0.604(1 -  4,)2
C = -3 .7 7  + 63.09 4, -  16.08 4,2

4> 0.65 0.60 0.55 0.50 0.45

tf -0 .9 -0 .9 -0 .9 -0 .9 -0 .9
n 0 .2 0 1 0.208 0.217 0.231 0.247
C 30.45 28.29 26.07 23.76 21.36
H 'g 43.63 41.08 38.45 35.95 33.26
H '  40 63.91 60.94 58.06 55.72 53.12
l /c o 0.0276 0.0304 0.0339 0.0386 0.0446
U H 0.0183 0.0193 0.0204 0.0214 0.0226
Co 36.18 32.92 29.53 25.94 22.44
Cg 1.46 1.42 1.39 1.38 1.37
C40 0.32 0.32 0.31 0.32 0.33
C + 0 .8 6 0.87 0 .8 8 0.90 0.91
Figs. 3 and 4.
c +  = 1.031 -  0.293 4, (1  -  0.154 4»)

The contents of water 1}/ and fat x can be linked by
[1 -  (vj/ + x) ] 2 = 0.149 4, --  0.0455
from which
X =  ( i — 4>) — 0.386 V (4>-  0.305)

Lamb
U =: -0 .7 5  V ( 1AJ, -  1)
n == -0 .0 3 1  + 0.817(1 - 4,) -  0.65(1 -  i|i) 2
C = ̂ 25.70 -  69.9 4, + 122.7 4,2

* 0.65 0.60 0.55 0.50 0.45

u - 0 . 6 - 0 . 6 -0 .7 -0 .7 - 0 . 8
n 0.175 0.192 0.205 0.215 0 .2 2 2
C 32.11 27.93 24.38 21.43 19.10
H 'g 43.96 39.38 35.20 31.50 28.44
H '  40 61.23 56.73 51.93 47.38 43.34
1/Co 0.0239 0.0293 0.0349 0.0410 0.0468
U H 0.0188 0.0205 0.0226 0.0249 0.0274
CO 41.87 34.18 28.62 24.42 21.35

1.28 1.26 1 .2 0 1.13 1.05
C40 0.27 0.27 0.27 0.25 0.24
c+ 0.81 0.79 0.77 0.73 0.70
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Figs. 5 and 6
c+ =  0.15 + 1.67 vj/ (1 — 0.60 iJj)

The contents of water and fat can be linked by 
v|i + X = 1 ~ 0.36 4» 
from which 
X = 1 — 1.36 4»

Seafish
h — - 3 ( 1 / 1|> “  1) (same as beef)
n  = 0.116 +  0.19(1 -  4») +  0.6(1 -  4*)2
C = 6.58 -  38.6 4/ +  101 4F

* 0.85 0.80 0.75 0.70 0.65
u -0 .5 -0 .8 - 1 . 0 -1 .3 -1 .6
n 0.158 0.178 0.201 0.227 0.258
C 46.74 40.34 34.44 29.05 24.16
H 'g 62.0 55.5 49.4 43.6 38.4
H '  40 83.7 77.8 72.3 67.1 61.1
l/co 0.0153 0.0192 0.0244 0.0312 0.0403
1IH 0.0136 0.0148 0.0162 0.0177 0.0193
Co 65.4 52.0 41.0 32.0 24.8
Cg 1.63 1.65 1.65 1.65 1.65
C40 0.33 0.35 0.36 0.38 0.39
c+ 0.93 0.90 0.88 0.85 0.83
Figs. 7 and 8. 
c+ = 0.5(1 + 4/)

Enthalpy diagrams
An example of an enthalpy-temperature diagram between d = 0 and d — 6, 
derived from the linear equation (6), is shown in Fig. 9 for pork (full lines) and 
fish (broken lines) and the respective parameters 4>- The diagram is extended 
into the range o f ‘smooth’ enthalpy gradients from d = 6 to t?= 10 according to 
equation (4).

C o n c l u s i o n
The very moment the water contained in foods starts freezing with a resulting 
discontinuity of the specific heat, calculations and diagrams can be simplified 
and become a more useful and meaningful tool in the hands of the process 
engineer when introducing thed-scale at — t+ t{ — 0 and starting the freezing 
range with enthalpy H  = 0. Consequently, H  can be expressed as a unified 
function of t? and 4> which has been analysed for various meats and fish.
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F ig u re  9 . P ork  (4» =  0 .6 5 ,0 .5 5 ,0 .4 5 ) : — , fish (ij; =  0 .8 5 ,0 .7 5 ,0 .6 5 ) . L inear function 
1? // /  be tw een  1? =  0 and 6 and en thalpy  H  betw een d  =  0 and 10 K.
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N o m e n c l a t u r e
t
hd=  —t+tf
d e  ~  - t g + t f

H
H
H'
Hg=H 's

tem perature
tem perature at which freezing starts
tem perature difference between negative food tem perature and 

its freezing point, i.e., tem perature measured in the d  -scale 
tem perature, ini?-scale, at which enthalpy gradient changes 

from ‘steep’ to ‘smooth’
enthalpy in the freezing range at temperatures <i?g 
enthalpy limit at 1? — °° if the equation governing the enthalpy 

variation between d  = 0 and i?g were valid beyond d  g 
enthalpy in the freezing range at temperatures >  1? g 
enthalpy at d g
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e n th a lp y  a t  d  =  4 0  
a  c o n s ta n t
in te g e r  o f  e x p o n e n t ia l  t e m p e r a tu r e  v a r ia t io n  o f  H '  in  th e  r a n g en

Co
c

C+
*
X

s p e c if ic  h e a t  a t  § = 0
sp e c if ic  h e a t  in  th e  f re e z in g  r a n g e  a t  te m p e r a tu r e s  < ? ? g 
sp e c if ic  h e a t  in  th e  f re e z in g  r a n g e  a t  t e m p e r a tu r e s  >  t?g 
sp e c if ic  h e a t  a t??g 
s p e c if ic  h e a t  at?? =  4 0
s p e c if ic  h e a t  b e tw e e n  b lo o d  t e m p e r a tu r e  a n d  tf 
w a te r  c o n te n ts  o f  f o o d  
f a t  c o n te n ts  o f  fo o d

A p p e n d i x
T he freez in g  p o in t tf
A t  t e m p e r a tu r e s  a b o v e  th e  f r e e z in g  p o in t ,  p a r t i c u la r ly  in  its  v ic in ity , th e  
e n th a lp y  b e c o m e s  a  l in e a r  fu n c t io n  o f  th e  t e m p e r a tu r e : - a  p lo t  o f  H  a g a in s t  t is a  
s t r a ig h t  l in e . A s  s o o n  a s  a p a r t  o f  th e  w a te r  c o n te n ts  o f  th e  f o o d  s ta r ts  f re e z in g , 
its  c h a n g e  f ro m  th e  l iq u id  in to  th e  so lid  s ta te  r e q u i r e s  th e  d is s ip a t io n  o f  a  c e r ta in  
q u a n t i ty  o f  l a t e n t  h e a t  c a u s in g  a  s u d d e n  c h a n g e  o f  e n th a lp y  w ith  t e m p e r a tu r e  a t  
a r a t e  m u c h  la r g e r  th a n  a b o v e  f re e z in g . A  p lo t  o f  H  a g a in s t  te m p e r a tu r e s  b e lo w  
f r e e z in g  p o in t  in te r s e c ts  th e  s t r a ig h t  l in e  a t  th e  f r e e z in g  t e m p e r a tu r e  tf . T h is  
p r o c e d u r e  c a n  b e  r e p e a te d  f o r  th e  s a m e  s p e c ie s  o f  fo o d , b u t  f o r  d i f f e r e n t  
p a r a m e te r s  ?}/. T h e  r e s u l t in g  c u rv e  c o n n e c t in g  f r e e z in g  p o in ts  f o r  d i f f e r e n t  w a te r  
c o n te n ts  c a n  b e  e x p re s s e d  b y  a n  e q u a t io n  f o r  tf a s  a  fu n c t io n  o f  i|? f o r  v a r io u s  
f o o d s tu f f s .  T h e  r e s p e c t iv e  n u m e r ic a l  e q u a t io n s  a r e  p r e s e n te d  in  th e  p a p e r .

T h e  g r a p h ic a l  p r o c e d u r e  is b a s e d  o n  e x p e r im e n ta l  / / - v a lu e s  a t  d i f f e r e n t  
t e m p e r a tu r e s .  S in c e  th e  m e a s u r e m e n t  o f  h e a t  q u a n t i t i e s  s u p p l ie d  b y  e le c t r ic  
e n e r g y  is e a s ie r  a n d  m o r e  r e l ia b le  th a n  th a t  o f  h e a t  q u a n t i t i e s  e x t r a c te d  b y  
c o o lin g , th e  c u r r e n t  m e th o d  o f  e s ta b lis h in g  th e  v a r ia t io n  o f  H  w ith  t in  th e  
f re e z in g  r a n g e  c o n s is ts  in  f re e z in g  th e  s p e c im e n  to  a  lo w  te m p e r a tu r e ,  sa y  
—4 0 ° C , a n d  r e c o r d in g  its  w a rm in g  u p  a s  a  f u n c t io n  o f  th e  m e a s u r e d  q u a n t i ty  o f  
h e a t  s u p p ly . T h u s , th e  c h a n g e  o f  e n th a lp y  v a r ia t io n  th a t  o c c u rs  a t  tf m a rk s ,  in  
f a c t ,  th e  m e lt in g  p o in t  o f  th e  f o o d  w h ic h  is a s s u m e d  to  b e  id e n t ic a l ly  th e  s a m e  as 
i ts  f r e e z in g  p o in t .

D u e  to  th e  r a p id  c h a n g e  o f  H  w h e n  a p p ro a c h in g  /f f ro m  th e  f ro z e n  s ta te ,  
m e a s u r e m e n ts  in  its  p ro x im ity  a r e  r a th e r  d if f ic u lt ,  a n d  th e  a c c u ra c y  o f  e x p e r i 
m e n ta l  v a lu e s  is b o u n d  to  su f fe r .

In  th e  fo llo w in g  ta b le s  / / - v a lu e s  h a v e  b e e n  c a lc u la te d  a n d  h a v e  b e e n  c o m 
p a r e d  w ith  e m p ir ic a l  v a lu e s  f ro m  th e  l i t e r a tu r e  f o r  b e e f ,  p o r k ,  la m b  a n d  fish . 
D is c re p a n c ie s  w h ic h  in  c e r ta in  c a se s  a r e  n o t ic e a b le  a t  th e  a p p ro a c h  to  th e  
f re e z in g  p o in t  m a y , p o s s ib ly , b e  d u e  to  u n c e r ta in ty  o f  th e  a c c u ra c y  o f  e x p e r i 
m e n ta l  v a lu e s  in  th a t  r e g io n .



C o m p a r iso n  o f  e m p ir ic a l a n d  ca lc u la ted  H -v a lu e s  ( k c a l / k g )  re ferre d  to  H = 0 a t d  = 0 ( d = -  t+ t f) 

B eef (R iedel, 1978)

»1» 0.8 0 .6  0.5
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u
d

- 0 .8
em p. calc. d

- 2
em p. calc. d

- 3
em p. calc.

4.2 54.9 54.2 3.0 28.3 29.2 2.0 15.4 17.1
9.2 61.4 61.2 8.0 38.9 38.9 7.0 27.9 28.7

14.2 65 .0 61.3 13.0 43.6 43.8 12.0 33.8 33.8
19.2 68.4 68.7 18.0 47.7 47.4 17.0 37.5 37.5
29.2 73.7 73.1 28.0 52.9 52.8 27.0 43.0 43.1
39.2 78.4 76.4 38.0 57.4 57.0 37.0 47.4 47.4

P o rk  (R iedel 1976)

i|> 0 .725 
t, - 0 .9  
d  em p. calc. d

0.56
- 0 .9

em p. calc. d

0.402
- 0 .9

em p. calc.

1.1 25.5 25.4 1.1 21.5 19.9 1.1 16.1 14.0
2.1 35.6 34.9 2.1 29.3 27.9 2.1 22.1 20.4
3.1 40.5 40.2 3.1 33.2 32.5 3.1 25.4 24.4
4.1 43.6 43.6 4.1 35.7 35.5 4.1 27.5 27.1
5.1 45 .9 46.0 5.1 37.6 37.6 5.1 29.1 29.0

10.1 52.6 52.7 10.1 43.5 43.6 10.1 34.5 34.6
15.1 56.9 57.0 15.1 47.3 47.5 15.1 38.2 38.5
29.1 64.9 64.9 29.1 54.7 54.7 29.1 45.6 45.6
39.1 69.4 68.7 39.1 59.0 58.3 39.1 49 .9 49.3

Lamb (F lem ing 1969) 

4» 0.65
tf - 0 .6
d  em p. calc. d

0.53
- 0 .7

em p. calc. d

0.44
- 0 .8

em p. calc.

1.6 25.5 29.5 1.5 21.6 20.7 1.4 18.2 16.1
2.7 34.6 36.1 2.6 26.8 26.5 2.5 22.4 21.3
3.8 38.8 39.8 3.7 29.7 29.8 3.6 24.9 24.3
6.1 43.2 44.3 6.0 33.3 33.7 5.9 27.9 27.9

11.6 49.6 49.6 11.5 38.6 38.6 11.4 32.4 32.4
17.2 52.9 53.2 17.1 41.8 42.0 17.0 35.2 33.7
22.7 55.7 55.9 22.6 44.3 44.5 22.5 37.2 37.8
28.3 58.2 58.1 28.2 46.4 46.6 28.1 39.2 39.7
39.4 61.6 61.6 39.3 50.0 50.0 39.2 42.8 42.8
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Fish (R iedel 1978)

*
u
l? em p.

0.8
-0.8

calc.

4.2 52.0 51.6
9.2 59.9 60.0

14.2 64.4 64.7
19.2 67.7 68.3
29.2 72.7 73.5
39.2 77.6 77.5

0.6
- 2

em p. calc.

3.0 23.9 25.7
8.0 36.0 36.0

13.0 41.9 41.4
18.0 45.9 45.5
28.0 51.5 51.6
38.0 56.4 56.4

0.5
- 3

$  erap . calc.

2.0 12.2 13.9
7.0 25.3 25.3

12.0 31.5 30.7
17.0 35.4 34.8
27.0 41.2 41.2
37.0 46.1 46.1
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U ses o f  P ek ilo , a m icrofungus biom ass from  
P a e c i l o m y c e s  v a r i o t i  in sausage and m eat balls

J U H A  K O I V U R I N T A ,  R A K E L  K U R K E L A  a n d  P E K K A  K O I V I S -  
T O I N E N

S u m m a r y

T h e  p o s s ib l e  in c lu s io n  o f  P e k i lo  ® b io m a s s ,  w h ic h  is  a  d r ie d  p o w d e r  p r o d u c e d  
f r o m  t h e  f i la m e n t o u s  m ic r o fu n g u s  P aecilom yces vario ti a n d  c o n t a in in g  a b o u t  
5 0 %  p r o t e in ,  in  m e a t  b a s e d  f o o d  s y s t e m s  w a s  e v a lu a t e d  u s in g  t w o  t y p e s  o f  
s a u s a g e  a n d  m e a t  b a l ls  a s  t e s t  p r o d u c t s .  T h e  t e x tu r a l  p a r a m e t e r s  e v a lu a t e d  
in d ic a t e d  th a t  P e k i lo  c a n  fo r m , in  c o m b in a t io n  w ith  m e a t ,  s t r u c tu r e s  w h ic h  a r e  
n e e d e d  in  t h e s e  t y p e  o f  f o o d  s y s t e m s  p r o v id e d  th a t  t h e  w a te r  a n d  fa t  c o n t e n t  o f  
t h e  s y s t e m  is  o p t im iz e d .  A  c o m p a r a t iv e ly  s tr o n g  t a s t e  o w in g  t o  P e k i lo  w a s  
d e t e c t e d  in  t h e s e  p r o d u c t s ,  b u t  it  w a s  n o t  u n a n im o u s ly  c o n s id e r e d  a  n e g a t iv e  
f a c to r  in  o r g a n o le p t i c  a n a ly s is .  T o r u t e in  a n d  P r o m in e  D  w e r e  u s e d  a s  r e f e r e n c e  
m a te r ia ls  in  p a r t  o f  th e  s a u s a g e  t e s t s .

I n t r o d u c t i o n

L it t le  in f o r m a t io n  is  a v a i la b le  o n  t h e  b io lo g ic a l  o r  fu n c t io n a l  p r o p e r t ie s  o f  
m ic r o b ia l  b io m a s s e s  a n d  th e ir  p r o t e in s  a n d  h a r d ly  a n y th in g  h a s  b e e n  p u b l i s h e d  
o n  th e ir  u s e  in  m e a t  p r o d u c t s .  I n  th is  s tu d y  t h e  s u i ta b i l ity  o f  P e k i lo  b io m a s s  in  
s a u s a g e  a n d  m e a t  b a l ls  w a s  t e s t e d  u s in g  P e k i lo  t o  s u b s t i t u t e  m e a t .

P e k i lo  b io m a s s  ( in  t e x t  P e k i lo )  is  a  d r ie d  w h o le  c e l l  m ic r o b io lo g ic a l  m a te r ia l  
( S C P ) ,  c o n t a in in g  a b o u t  5 0 %  p r o t e in  ( N x 6 . 2 5 )  p r o d u c e d  b y  t h e  s o  c a l le d  
P e k i lo  p r o c e s s  d e v e lo p e d  in  F in la n d . T h e  m ic r o b e  u s e d  in  th is  p r o c e s s  is  t h e  
f i la m e n t o u s  m ic r o fu n g u s  P aecilom yces vario ti. T h e  P e k i lo  p r o c e s s  c o n s i s t s  o f  
c o n t in u o u s  a e r o b ic ,  s u b m e r g e d  c u lt iv a t io n  o f  th is  m ic r o fu n g u s  a s e p t ic a l ly  in  a  
c a r b o h y d r a te  c o n t a in in g  s u lp h it e  s p e n t  l iq u o r  s o lu t io n .  T h e  o n ly  e x i s t in g  in d u s 
tr ia l  p la n t  t o  d a t e  w a s  s ta r te d  in  1 9 7 5  in  J a m s a n k o s k i ,  F in la n d , b y  t h e  U n i t e d  
P a p e r  M ills  L td . ( R o m a n t s c h u k  &  L e h t o m a k i ,  1 9 7 8 ) .  T h e  p r o c e s s  w a s  f ir s t  
p a t e n t e d  in  F in la n d  ( P a t e n t  N o .  4 4 3 6 6 )  a n d  is  n o w  p a t e n t e d  in  s ix  o t h e r  
c o u n t r ie s .  S in c e  1 9 7 1  t h e  b io m a s s  h a s  b e e n  a p p r o v e d  a s  l iv e s t o c k  f e e d  in  
F in la n d .

A u tho rs’ address: D ep artm en t o f F ood C hem istry and  T echnology, U niversity  o f H elsinki, 
007 10  H elsinki 71 , F inland.
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F e e d in g  s t u d ie s  ( L a k s e s v e la  &  S la g s v o ld ,  1 9 7 4 ;  A la v iu h k o la  et a l., 1 9 7 5 ;  
F a r s ta d  et a l., 1 9 7 5 )  c o n d u c t e d  w ith  s e v e r a l  a n im a ls  s u c h  a s  h o g s ,  c o w s ,  c a lv e s  
a n d  p o u lt r y  in d ic a t e  th a t  P e k i lo  b io m a s s  is  n u tr i t io n a l ly  o f  h ig h  q u a li ty .  I t  c a n  
t h e r e f o r e  b e  e x p e c t e d  t o  f in d  e x t e n s iv e  u s e  a s  l iv e s t o c k  f e e d .

B e f o r e  d ir e c t  a p p l ic a t io n  o f  P e k i lo  f o r  h u m a n  c o n s u m p t io n  a  g r e a t  d e a l  o f  
w o r k  is  s t i l l  n e e d e d  in  p r o c u r in g  a ll  t h e  in f o r m a t io n  r e q u ir e d  in  t h e  g u id e l in e s  6
( 1 9 7 0 )  7  ( 1 9 7 0 )  a n d  1 2  ( 1 9 7 2 )  o f  t h e  P r o t e in  A d v i s o r y  G r o u p  o f  t h e  U N .  T o  
a p p r o a c h  th is  s i t u a t io n  it  w a s  d e c id e d  to  e s t im a t e  f ir s t  t h e  t e c h n o lo g ic a l  p o t e n 
t ia l  o f  P e k i lo  b io m a s s .  T h e  d e c is io n s  o n  fu tu r e  e x p e r im e n t s  w ill  b e  m a d e  o n  th e  
b a s is  o f  th is  in f o r m a t io n .  T h e  v e r y  g o o d  e m u ls i f y in g  p r o p e r ty  a n d  a ls o  th e  
g e l l in g  a b i l ity  o f  P e k i lo  r e p o r t e d  in  a  p r e v io u s  p a p e r  ( K o iv u r in ta  &  K o iv is 
t o in e n ,  1 9 7 9 a )  a r e  a s s u m e d  t o  th e  b e n e f i c ia l  f o r  m e a t  p r o d u c t  t e x tu r e s .  Z ie m b a
( 1 9 6 6 )  h a s  n a m e d  t h r e e  f u n c t io n s  f o r  a  p r o t e in  p r e p a r a t io n  in  s a u s a g e :  t o  h o ld  
w a te r ,  t o  d is p e r s e  fa t ,  a n d  t o  fo r m  a g e l - l ik e  s tr u c tu r e .

T h e  a im  o f  th is  s tu d y  w a s  t o  o b t a in  in f o r m a t io n  o n  t h e  t e c h n o lo g ic a l  s u i t a b i l 
ity  o f  P e k i lo  in  s a u s a g e  a n d  m e a t  b a l ls .  S p e c ia l  a t t e n t io n  w a s  p a id  t o  t h e  t e x tu r e  
a n d  o r g a n o le p t ic  p r o p e r t ie s  o f  t h e  p r o d u c ts .

M a t e r i a l s  a n d  m e t h o d s

P ekilo  b iom ass

P e k i lo  b io m a s s  is  a  p o w d e r e d  p r o d u c t  p r o d u c e d  f r o m  t h e  f i la m e n t o u s  m ic 
r o fu n g u s  (P aecilom yces vario ti)  g r o w n  a s e p t ic a l ly  in  s u lp h it e  s p e n t  l iq u o r  
( F o r s s ,  1 9 7 4 ;  R o m a n t s c h u k ,  1 9 7 4 ;  F o r s s ,  P a s s in e n  &  S j o s t r o m , 1 9 7 4 ) .

P e k i lo  b io m a s s  w a s  m e c h a n ic a l ly  d e w a t e r e d ,  w a s h e d  a n d  d r ie d  o n  a  c o n v e y o r  
d r ie r . C h e m ic a l  c h a r a c t e r iz a t io n  a n d  o t h e r  d e t a i l s  a r e  g iv e n  in  T a b le s  1 - 3 .

R eference  m ateria ls

T w o  d i f f e r e n t  p r o t e in  p r e p a r a t io n s  w e r e  u s e d  a s  r e f e r e n c e  m a te r ia ls  in  p a r t  
o f  t h e  e x p e r im e n t s :  T o r u t e in  ( A m o c o  F o o d s  C o . ,  U .S .A . )  a n d  P r o m in e  D  
(C e n tr a l  S o y a ,  U . S . A . ) .  T h e  c h e m ic a l  c o m p o s i t io n s  a r e  g iv e n  in  T a b le  4 .

T able  1. C hem ical com position  and bulk  density  of Pekilo

D ry
m atter

Percen tage o f dry m a tte r
T ype of d ryer used C rude pro te in  C rude fat Ash B ulk density  (g/dnT)

C onveyor 94.4 52.3 1.7 5.2 230
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T a b le  2 . Essential am ino 
acids o f Pekilo  p ro tein

E ssen tial am ino acids g/16 gN*

Isoleucine 4.4
Leucine 7.0
Lysine 6.5
P henylalanine 3.4
M ethionine 0.8
T hreonine 3.7
V aline 4.9
Tyrosine 3.1

‘ D e term inations w ere
m ade at K em ira R esearch
Institu re , O ulu , F in land

T a b le  3 . M ineral con ten t of 
Pekilo  biom ass

M inerals mg/kg *

Ca 1900
K 10000
Mg 1100
Fe 135
Mn 105
Z n 195
Cu 15
Co 0
Pb 0.46
Se 0.14
Mo < 0 .0 5
Br <2
B 0.8
As < 0 .0 5
Rb 4.5
Al 27
P 14800
S 4300
F 1.0
Si 110
Cd 0.06
Cr 3.7
Ni 1.8

‘ D eterm inations were 
m ade at K em ira R esearch  
Institu te , O ulu , F inland



564
T a b le  4 . C hem ical com position  of reference m aterials
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D ry
m atte r

C rude
p ro te in

F at C rude
fib re

A sh

T oru tein 94 55.2 1.0 5 8.4
Prom ine D 95.2 92 0.5 0.25 4.0

Sausage tests
S a u s a g e s  w e r e  m a d e  in  t h e  p i lo t  p la n t  o f  th e  D e p a r t m e n t  o f  M e a t  T e c h n o lo g y  

o f  th e  U n iv e r s i t y  o f  H e ls in k i  u s in g  th e  f o l lo w in g  r e c ip e s :

B eef m eat, kg
sausage A  
2.2

sausage B 
1.0

P ork  m eat, kg 2.8 1.25
P ork skin/ice w ater m ixture (1 /1), kg 0.9 0.75
P o ta to  starch , kg 0.5 0.3
M ilk pow der, kg 0.5 0.3
W ater, kg 3.1 1.25
A dditives, spices

P e k i lo  w a s  u s e d  in  s a u s a g e  A  t o  s u b s t i t u t e  m e a t  ( 0 - 3 0 % )  a s  a  6 7 %  ( b e lo w  1 0 %  
s u b s t i t u t io n )  o r  5 0 %  ( a b o v e  1 0 %  s u b s t i t u t io n )  s u s p e n s io n .  T h e  s u b s t i tu t io n  
l e v e l s  u s e d  fo r  P e k i lo  w e r e  2 ,  4 ,  6 ,  1 0 ,  2 0  a n d  3 0 % . T h e  r e f e r e n c e  m a te r ia ls  
( s u b s t i t u t io n  l e v e l s  fo r  T o r u t e in  a n d  P r o m in e  D  w e r e  2 ,5  a n d  1 0 % )  w e r e  u s e d  
a s  d r y  f o r m u la t io n s .  In  s a u s a g e  B  s u b s t i t u t io n  l e v e l s  o f  1 ,5  a n d  1 0 %  w e r e  u s e d .  
T h e  a m o u n t  o f  m e a t  s u b s t i t u t e d  b y  th e  m a te r ia ls  w a s  c a lc u la t e d  fr o m  th e  to ta l  
a m o u n t  m e a t  ( b e e f  +  p o r k )  in  t h e  r e c ip e ,  b u t  in  p r a c t ic e  th e  b e e f  f r a c t io n  in  th e  
r e c ip e  w a s  r e d u c e d  b y  th e  a m o u n t  o f  s u b s t i t u t e .  T h e  e f f e c t  o f  an  a d d it io n a l  
a m o u n t  o f  w a te r  a n d  w a t e r - f a t  m ix t u r e  ( 1 : 1 )  o n  t h e  o r g a n o le p t ic  q u a li ty  o f  th e  
p r o d u c t  w a s  t e s t e d  s e p a r a t e ly  in  th e  P e k i lo  s a u s a g e s  A  m a d e  a t 5 %  s u b s t i tu t io n  
l e v e l .  T h e  s a u s a g e s  w e r e  p r e p a r e d  b y  th e  n o r m a l  p r o c e d u r e  u s e d  a t th e  
D e p a r t m e n t  o f  M e a t  T e c h n o lo g y .  A l l  in g r e d ie n t s  e x c e p t  w a te r  a n d  t e s t  m a t e r i 
a ls  w e r e  f ir s t  c h o p p e d  in  a  c u t te r .  W a t e r  w a s  a d d e d  g r a d u a lly  in  th e  fo r m  o f  ic e  
t o  c o o l  t h e  m a s s  d u r in g  c h o p p in g .  W h e n  th e  m a s s  w a s  u n ifo r m  th e  t e s t  m a te r ia l  
w a s  a d d e d  t o g e t h e r  w ith  t h e  r e s t  o f  t h e  w a te r  a n d  c h o p p in g  w a s  c o n t in u e d  u n t i l  
th e  m a s s  w a s  u n ifo r m . T h e  ra w  s a u s a g e  w a s  e x t r u d e d  in t o  c e l lu lo s e  c a s in g  a n d  
c o o k e d .  A  c o n t r o l  s a u s a g e  w a s  p r e p a r e d  w ith  e a c h  t e s t  s e r ie s  t o  e l im in a t e  
p o s s ib le  d i f f e r e n c e s  in  ra w  m a te r ia ls .

M eat ball tests

T h e  r e c ip e  u s e d  in  t h e  m e a t  b a l ls  t e s t s  w a s:

M ixture of Pek ilo  suspension and m inced m eat 300 g
W ater 200 g
G ro u nd  toast 60  g
Salt and o th e r  spices
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T h e  s u b s t i t u t io n  l e v e l s  u s e d  w e r e  2 ,  4 ,  8 , 1 2  a n d  2 0 % . A l l  m in c e d  m e a t  w a s  
p u r c h a s e d  a t th e  s a m e  t im e ,  m ix e d  w e l l ,  d iv id e d  in t o  s m a ll  p o r t io n s  a n d  s to r e d  
f r o z e n .  T h e  w a t e r  a n d  fa t  c o n t e n t s  o f  m e a t  b a l l s  w e r e  k e p t  c o n s t a n t  b y  a d d in g  
e x tr a  w a t e r  a n d  fa t  t o g e t h e r  w ith  P e k i lo .  T h e  in g r e d ie n t s  w e r e  m ix e d  in  a c u t te r ,  
f o r m e d  m a n u a lly  in t o  b a l ls  o f  a p p r o x im a t e ly  2 0  g  e a c h  a n d  fr ie d  in  o i l  a t  
1 3 0 - 1 4 0 °  C  ( K u lt a s u la  o i l ,  R a is io n  T e h t a a t ,  F in la n d , a  m ix tu r e  o f  s o y b e a n  o il  
a n d  r a p e s e e d  o i l ) .

E va lua tio n  o f  p ro d u c ts

T h e  c o n s i s t e n c y  o f  m e a t  b a l ls  a n d  s a u s a g e s  A  w a s  m e a s u r e d  o n  th r e e  w h o le  
p r o d u c t s  w ith  a n  I n s tr o n  c o n s i s t o m e t e r  ( T a b le  M o d e l  M  1 0 0 ,  I n s tr o n  L td .,  
E n g la n d ) .  T h e  e f f e c t  o f  a d d it io n a l  a m o u n ts  o f  w a te r  in  th e  s a u s a g e s  A  o n  th e  
c o n s i s t o m e t e r  v a lu e s  w a s  d e t e r m in e d  a t  th e  5 %  s u b s t i tu t io n  le v e l .

A p p e a r a n c e  ( 0 - 4  p o in t s ) ,  t e x tu r e  ( 0 - 4  p o in t s ) ,  a r o m a  ( 0 - 2  p o in t s )  a n d  ta s te  
( 0 - 8  p o in t s )  o f  s a u s a g e s  w e r e  e v a lu a t e d  b e  a  p a n e l  o f  f iv e  m e m b e r s ,  u s in g  a  
s c o r in g  m e t h o d .  T h e  m o s t  im p o r ta n t  p a r a m e t e r s  o f  e v a lu a t io n  w h ic h  s h o u ld  b e  
c o n s id e r e d  b e f o r e  g iv in g  a  s c o r e  w e r e  l is t e d .

A p p e a r a n c e ,  g u m m in e s s ,  h a r d n e s s ,  c o lo u r ,  j u ic in e s s  a n d  c h e w a b i l i t y  o f  th e  
m e a t  b a l ls  w e r e  e v a lu a t e d  b y  a s k in g  th e  p a n e l  m e m b e r s  t o  in d ic a t e  th e ir  
o p in io n  o n  a  s e g m e n t  o f  a  l in e .  T h e  s c o r e  o n  t h e  s e g m e n t  r a n g e d  fr o m  + 2  t o  - 2 .  
S ta n d a r d  m e a t  b a l l s  w e r e  k n o w n  a n d  a n a ly s e d  a t th e  s a m e  t im e .  T h e  p o s s ib le  
e f f e c t s  o f  P e k i lo  o n  th e  ta s te  a n d  a r o m a  o f  m e a t  b a lls  a s  c o m p a r e d  t o  th e  
r e f e r e n c e  o n e s  w e r e  e v a lu a t e d  b y  th e  s a m e  m e t h o d ,  u s in g  a r a n g e  o f  0  t o  - 4  fo r  
ta s te  a n d  0  t o  - 2  f o r  a r o m a .

R e s u l t s

Sausages

T h e  o r g a n o le p t ic a l ly  d e t e r m in e d  a p p e a r a n c e  a n d  t e x t u r e  o f  a ll s a u s a g e s  
c o n t a in in g  t e s t  m a te r ia ls  d i f f e r e d  l i t t le  fr o m  th e  c o n t r o l  u p  t o  th e  1 0 %  s u b s t i t u 
t io n  l e v e l  ( T a b le  5 ) .  In  P e k i lo  s a u s a g e s  A ,  w h ic h  w e r e  t e s t e d  a ls o  o n  h ig h e r  
s u b s t i tu t io n  l e v e l s ,  o n ly  s l ig h t  d i f f e r e n c e s  w e r e  o b s e r v e d  u p  t o  th e  3 0 %  s u b s t i 
tu t io n  le v e l .  O f f - o d o u r  a n d  o f f - f la v o u r  o f  a ll th e  te s t  m a te r ia ls  w a s  o b s e r v e d  
a lr e a d y  a t  t h e  l o w e s t  s u b s t i t u t io n  l e v e l .  P e k i lo  h a d  a  c le a r  o f f - f la v o u r  w h ic h  w a s  
o b s e r v a b le  a lr e a d y  a t  th e  2 %  le v e l  ( s a u s a g e  A ) ,  b u t  it w a s  c o n s id e r e d  a c c e p t 
a b le  b y  s o m e  o f  th e  p a n e l  m e m b e r s  a n d  u n a c c e p t a b le  b y  o t h e r s .  T a s t e  w a s  n o t  
e v a lu a t e d  a t th e  h ig h e s t  s u b s t i tu t io n  l e v e l s  ( s a u s a g e  A )  b e c a u s e  o f  th e  d is t in c t  
o f f - f la v o u r .  T h e  s c o r e s  g iv e n  fo r  P r o m in e  D  s a u s a g e s  fo r  ta s te  w e r e  s o m e w h a t  
h ig h e r  th a n  t h o s e  g iv e n  t o  P e k i lo  o r  T o r u t e in  s a u s a g e s  a t  5 a n d  1 0 %  s u b s t i t u 
t io n  le v e l .

T h e  a r o m a  a n d  t a s t e  o f  s a u s a g e s  B  w e r e  c o n s id e r e d  e v e n  s u p e r io r  t o  th e  
c o n t r o l  a t lo w e s t  s u b s t i tu t io n  le v e l .  E v e n  a t 1 0 %  s u b s t i tu t io n  le v e l  th e  s c o r e s  
w e r e  a lm o s t  c o m p a r a b le  t o  t h e  c o n t r o l .

31
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Table 5. T he effect o f test m aterials on  the organolep tic  p rop ertie s  o f the  sausages tested

Sausage A

Substitu tion
A ppearan ce  
(0 -4  p)

T exture 
(0 -4  p)

C olour
(0-2 p)

A rom a
(0.2 p)

T aste
(0-8 p)

C ontrol 3.2 2.8 1.9 1.9 4.4
(for Pekilo) 
Pekilo

2% 3.2 2.7 1.7 1.0 3.8
4 % 3.2 2.8 1.7 1.0 3.8
6% 3.0 2.6 1.9 0.9 3.8

10% 3.1 2.5 1.6 1.1
20% 2.8 2.7 1.2 0.5
30% 2.2 1.8 0.6 0.3

C ontrol 3.4 3.2 1.7 1.8 5.5
(for o th e r m aterials) 
T oru te in

2% 3.2 3.2 1.7 1.4 4.6
5% 3.3 2.9 1.5 1.3 3.8

10% 3.4 2.6 1.7 1.2 2.8
Prom ine D

2% 3.5 3.0 2.0 1.4 4.5
5% 3.5 3.1 1.6 1.5 3.7

10% 3.4 3.0 1.7 1.4 4.0

Sausage B

C ontrol 2.9 3.6 1.9 1.9 5.4
Pekilo

1% 3.1 3.6 1.8 1.9 6.1
5% 2.7 3.3 1.9 1.7 5.3

10% 3.4 3.4 1.7 1.6 5.0

B e t t e r  s c o r e s  w e r e  g e n e r a l ly  g iv e n  to  s a u s a g e s  A  ( 5 % s u b s t i tu t io n )  in  w h ic h  
b o t h  w a t e r  a n d  fa t  w e r e  a d d e d  th a n  w h e n  o n ly  w a t e r  w a s  a d d e d  (F ig .  1 ) .  T h e  
a r o m a  o f  P e k i lo  s a u s a g e s  w a s  c o n s id e r e d  q u it e  u n p le a s a n t  a t a ll l e v e l s  o f  w a te r  
a n d  m ix t u r e  o f  w a t e r  a n d  fa t  a d d it io n  a n d  t h e r e f o r e  n o  o r g a n o le p t ic  e v a lu a t io n  
o n  t a s t e  w a s  p e r f o r m e d . O p t im u m  a p p e a r a n c e  a n d  t e x t u r e  w e r e  o b t a in e d  o n  
3 0 0  g  o f  fa t  a n d  w a te r  a d d it io n  le v e l .

T h e  c o n s i s t e n c y  o f  P e k i lo  s a u s a g e s  A ,  m e a s u r e d  w ith  a n  I n s tr o n  c o n s i s t o m e -  
te r  (F ig .  2 )  w a s  h a r d e r  th a n  th a t  o f  t h e  c o n t r o l  u p  t o  th e  3 0 %  s u b s t i tu t io n  l e v e l  
w h e r e  it  w a s  a p p r o x im a t e ly  e q u a l  to  t h e  c o n t r o l .  T o r u t e in  a n d  P r o m in e  D  d id  
n o t  a f f e c t  th e  c o n s i s t e n c y  u n til  a t t h e  1 0 %  s u b s t i tu t io n  le v e l  w h e r e  th e  s a u s a g e s  
w e r e  h a r d e r  ( P r o m in e  D  8 . 9 , T o r u t e in  7 .4 )  th a n  t h e  c o n t r o l  ( 6 .6 ) .  W h e n  th e  
a m o u n t  o f  w a te r  w a s  in c r e a s e d  th e  P e k i lo  s a u s a g e s  b e c a m e  s o f t e r  in  c o n s i s t e n c y  
a t t h e  s a m e  r a te  a s  th e  c o n t r o l  (F ig .  3 ) .
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Added water (g) Added water (g)

a

b

Figure 1. E ffect o f additional w ater (a) and w ater +  fa t (b) on sausages (type A ) at 
5%  substitu tion  level. Left: C A , contro l appearance; CT, contro l tex tu re ; PA , Pekilo  
ap pearan ce; PT , Pek ilo  tex ture . R ight: C A , contro l arom a, CC, contro l co lour; PA , 
Pekilo  arom a; PC , Pekilo  colour).

Figure 2. Hardness (consistometer) of Pekilo sausages at different substitution levels
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V

Figure 3. Effect of various am ounts of water on the hardness (consistometer) of 
Pek ilo  sausages at 5%  substitu tion  level ( ------------- P e k i lo ;------ C ontrol)

M eat balls

M e a t  b a l ls  in  w h ic h , 2 ,  4 ,  8 , 1 2  o r  2 0 %  o f  t h e  m in c e d  m e a t  w a s  s u b s t i t u t e d  
w ith  P e k i lo  w a te r  s u s p e n s io n  w e r e  g e n e r a l ly  c o n s id e r e d  in fe r io r  t o  th e  s ta n d a r d  
m e a t  b a l l s  a s  j u d g e d  b y  t h e  o r g a n o le p t ic  p r o p e r t ie s  s t u d ie d .  W ith  in c r e a s in g  
s u b s t i t u t io n  l e v e l  t h e  n u m b e r  o f  n e g a t iv e  s c o r e s  a s  c o m p a r e d  w ith  t h e  c o n t r o l  
in c r e a s e d  ( T a b le  6 ) .  O n ly  t h e  ju ic in e s s  o f  th e  P e k i lo  m e a t  b a l ls  w a s  c o n s id e r e d  
b e t t e r  th a n  th a t  o f  th e  c o n t r o l .  A  r e la t iv e ly  s m a ll  c h a n g e  w a s  o b s e r v e d  in  th e  
a p p e a r a n c e  a n d  c o lo u r  o f  P e k i lo  m e a t  b a l ls  u p  t o  th e  8  %  s u b s t i t u t io n  l e v e l .  F o r  
t a s te  t h e  P e k i lo  m e a t  b a l ls  w e r e  g iv e n  d is t in c t ly  lo w e r  s c o r e s  th a n  th e  c o n t r o l  
m e a t  b a l ls  a lr e a d y  a t  t h e  2 %  r e p la c e m e n t  l e v e l  ( T a b le  7 ) .

T h e  c o n s i s t e n c y  o f  t h e  P e k i lo  m e a t  b a l ls  b e c a m e  s o f t e r  w h e n  t h e  s u b s t i t u t io n  
l e v e l  in c r e a s e d  e x c e p t  a t t h e  1 2 %  le v e l  w h e r e  t h e  I n s tr o n  v a lu e s  w e r e  a lm o s t  
e q u a l  t o  t h e  c o n t r o l  v a lu e s  ( T a b le  8 ) .  A  s l ig h t  e x c e p t io n  w a s  a ls o  o b s e r v e d  in  
th e  s c o r e s  g iv e n  f o r  h a r d n e s s  in  t h e  o r g a n o le p t ic  e v a lu a t io n  a t  t h e  s a m e  s u b 
s t i t u t io n  le v e l .

T able  6. T he  d ifferences in scores given to  Pekilo  m eat balls at d ifferen t substitu tion  levels and 
to  the contro l for ap pearan ce , co lour, gum m iness, hardness, chew ability and juiciness

S ubstitu tion  A ppearance 
level

C olour G um m iness H ardness C hew ability Juiciness

2 % 0.1 - 1.1 - 2 .9 - 2.8 - 0 .4 0.9
4% - 1.2 - 0 .4 - 4 .5 - 7 .8 - 4 .5 2.2
8% - 0.8 - 0 .4 - 4 .2 - 7 .5 - 6.6 4.9

12% - 2 .4 - 2.2 - 7 .8 - 5 .2 - 5 .5 1.8
20% - 3 .8 - 4 .7 - 1 1 .9 - 1 0 .7 - 10.8 6.3
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T able 7. T he differences in scores given to  
Pekilo  m eat balls at d ifferent substitu tion  
levels and to  the contro l fo r arom a and taste

Substitu tion
level

A rom a T aste

2% - 2.6 - 6 .5
4 % - 2.8 - 12.8
8% - 3 .8 - 1 4 .5

12% - 5 .6 - 1 4 .5
20% - 7 .1 - 22.0

T able 8. T he effect of Pek ilo  on the  consistency 
o f m eat balls at d ifferen t substitu tion  levels

Substitu tion
level

H ardness Standard
deviation

0% 6.5 0.60
2% 6.5 0.90
4% 4.7 1.05
8% 4.2 0.45

12% 6.1 0.95
20% 3.9 0.62

D i s c u s s i o n

T h e  s a u s a g e  A  u s e d  in  t h e s e  e x p e r im e n t s  h a s  a  v e r y  m ild  t a s t e ,  n o  s tr o n g  s p ic e s  
o r  o n io n  a r e  in c lu d e d  in  th e  r e c ip e .  S m a ll  c h a n g e s  in  r a w  m a te r ia l  c o m p o s i t io n  
a r e  t h e r e f o r e  e x p e c t e d  t o  h a v e  a  m a r k e d  e f f e c t  o n  t h e  ta s t e  o f  th is  t y p e  o f  
s a u s a g e . T h e  m ild  t a s t e  p e c u l ia r  t o  P e k i lo  p o w d e r  w a s  e v id e n t  a lr e a d y  a t th e  2 %  
s u b s t i t u t io n  l e v e l  b u t  th e  p a n e l  m e m b e r s  w e r e  n o t  in  a g r e e m e n t  a s  t o  w h e th e r  
th is  t a s t e  w a s  n e g a t iv e  o r  p o s i t iv e  c o m p a r e d  t o  th e  ta s t e  o f  th e  c o n t r o l  s a u s a g e .  
T h e  s e n s i t iv i t y  o f  th e  k in d  o f  s a u s a g e  u s e d  t o  ta s t e  v a r ia t io n s  c a u s e d  c o n s id e r 
a b le  v a r ia b il i ty  a ls o  in  th e  s c o r e s  g iv e n  t o  th e  v a r io u s  c o n t r o l  s a u s a g e s .

In  s a u s a g e  B ,  w h ic h  h a d  a  s t r o n g e r  t a s t e ,  o f f - f la v o u r  w a s  n o t  r e g is t e r e d .  T h e  
r e s u lt s  in d ic a t e  th a t  it  is  p o s s ib le  t o  e l im in a t e  th e  ty p ic a l  P e k i lo  f la v o u r  in  
s a u s a g e s  b y  s e l e c t in g  th e  r ig h t  r e c ip e  w ith  s u i ta b le  s p ic e s .

P e k i lo  in c r e a s e d  th e  h a r d n e s s  o f  s a u s a g e s  A  u p  t o  3 0 %  s u b s t i t u t io n  l e v e l  
p r o b a b ly  o w in g  t o  th e  g o o d  w a te r  b in d in g  a n d  g e l l in g  p r o p e r t ie s  r e p o r te d  
e a r l ie r  ( K o iv u r in t a  &  K o iv is t o in e n ,  1 9 7 9  a , b ) .  S o y  p r o t e in  p r o d u c t s  h a v e  b e e n  
r e p o r t e d  t o  a c t  s im ila r ly  ( S c h w e ig e r ,  1 9 7 4 ;  H e r m a n s s o n &  A k e s s o n ,  1 9 7 5 ) .

T h e  w a t e r  a n d  fa t  c o n t e n t s  in  P e k i lo  s a u s a g e  A  h a d  a  s tr o n g  e f f e c t  o n  th e  
s t r u c tu r e  o f  t h e  p r o d u c t .  T h e  fa v o u r a b le  e f f e c t  o f  a d d it io n a l  fa t  in  t h e  s a u s a g e  is  
a s s u m e d  t o  b e  d u e  t o  th e  g o o d  fa t  b in d in g  a n d  e m u ls i f y in g  p r o p e r t ie s  o f  P e k i lo  
a n d  t o  t h e  g o o d  h e a t  s ta b i l ity  o f  P e k i lo  e m u ls io n s  ( K o iv u r in ta  &  K o iv is t o in e n ,  
1 9 7 9  b ) .  T h e  r e s u lt s  o b t a in e d  w ith  m e a t  b a l ls  f o l lo w e d  th e  s a m e  p a t t e r n  a s  th e  
r e s u lt s  fo r  s a u s a g e s .  T h e  o f f - t a s t e  o f  P e k i lo  w a s  e v id e n t  a lr e a d y  a t th e  2 %  
s u b s t i t u t io n  le v e l .

T h e  f u n c t io n a l  p r o p e r t ie s  o f  P e k i lo  b io m a s s ,  s u c h  a s  w a te r  a n d  fa t  b in d in g ,  
g e l l in g  a n d  e m u ls i f y in g  p r o p e r t ie s  r e p o r t e d  e a r l ie r  ( K o iv u r in ta  &  K o iv is t o in e n ,  
1 9 7 9  a , b )  h a v e  b e e n  f o u n d  t o  l e a d  t o  s tr u c tu r e s  a lm o s t  c o m p a r a b le  t o  t h o s e  o f  
m e a t  in  t h e  f o o d  s y s t e m s  s t u d ie d .  E l im in a t io n  o f  th e  o f f - t a s t e  th a t  P e k i lo  h a s  in  
t h e s e  p r o d u c t s  b y  s e l e c t in g  th e  b e s t  s u i ta b le  r e c ip e ,  b y  m o d if y in g  it to  o b t a in  a  
m o r e  a c c e p t a b le  ta s t e  o r  b y  r e m o v in g  p o s s ib le  ta s t e  c o m p o n e n t s  w o u ld  m o s t  
p r o b a b ly  m a k e  it s  u s e  in  t h e  t y p e  o f  f o o d  s y s t e m s  s t u d ie d  p r o f i ta b le .
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Stability o f  (3-carotene in  iso lated  system s

S . S . A R Y A ,  V . N A T E S A N ,  D .  B .  P A R I H A R  a n d  P . K . V I J A Y A R A G H A -  
V A N

Summary
T h e  e f f e c t s  o f  w a t e r  a c t iv ity ,  a n t io x id a n t s  a n d  fa t ty  a c id  m e th y l  e s t e r s  o n  th e  
s ta b i l ity  o f  (3 -c a r o te n e  in  i s o la t e d  m o d e l  s y s t e m s  h a s  b e e n  in v e s t ig a t e d .  T h e  r a te  
o f  3 - c a r o t e n e  d e g r a d a t io n  d e c r e a s e s  w ith  t h e  in c r e a s e  in  w a t e r  a c t iv ity .  B o t h  
B H A  a n d  P G  s t a b i l iz e d  (3 -c a r o te n e  a t  a ll w a te r  a c t iv ity  l e v e l s .  M e th y l  s t e a r a t e  
a n d  o l e a t e  e n h a n c e d  t h e  s ta b i l i ty  o f  3 - c a r o t e n e .  M e t h y l  l in o le a t e  s t a b i l iz e d
3 - c a r o t e n e  d u r in g  in it ia l  s t a g e s  o f  s lo w  o x id a t io n  a f t e r  w h ic h  it  e x h ib i t e d  a 
s t r o n g  p r o o x id a n t  e f f e c t .

I n t r o d u c t i o n
L o s s e s  in  c a r o t e n o id s  d u r in g  p r o c e s s in g  a n d  s t o r a g e  o f  f o o d s  a r e  o f  c o m m e r c ia l  
s ig n if ic a n c e .  D e g r a d a t io n  o f  c a r o t e n o id s  n o t  o n ly  a f f e c t s  th e  a t t r a c t iv e  c o lo u r  o f  
f o o d s t u f f s  b u t  a ls o  th e ir  n u tr it iv e  v a lu e  a n d  f la v o u r . T h e  m a in  c a u s e  o f  
c a r o t e n o id  d e g r a d a t io n  in  f o o d s  is  o x id a t io n .  In  p r o c e s s e d  f o o d s  th e  m e c h a n is m  
o f  o x id a t io n  is  c o m p le x  a n d  d e p e n d s  o n  m a n y  fa c to r s  s u c h  a s  m o is t u r e ,  t e m p e r 
a tu r e , p r e s e n c e  o f  p r o -  a n d  a n t i - o x id a n t s  a n d  l ip id s .  M a n y  w o r k e r s  h a v e  i n v e s 
t ig a t e d  t h e  e f f e c t  o f  w a te r  a c t iv ity  a n d  l ip id s  o n  t h e  s ta b i l ity  o f  c a r o t e n o id s  b u t  
t h e  c o n c lu s io n s  o f  v a r io u s  s tu d ie s  h a v e  b e e n  a t  v a r ia n c e .  B a lo c h ,  B u c k le  &  
E d w a r d s  ( 1 9 7 7 )  h a v e  r e p o r t e d  th a t  3 - c a r o t e n e  is  m o s t  s t a b le  a t m o n o la y e r  
w a te r  a c t iv ity .  B u t  M a r t in e z  &  L a b u z a  ( 1 9 6 8 )  f o u n d  th a t  r a te  o f  d e g r a d a t io n  o f  
a s t a c e n e  in  f r e e z e  d r ie d  s a lm o n  d e c r e a s e d  w ith  in c r e a s e  in  w a t e r  a c t iv ity  e v e n  
a b o v e  t h e  m o n o la y e r  v a lu e .  K a n n e r , M e n d e l  &  B u d o w s k i  ( 1 9 7 8 )  h a v e  a ls o  
o b s e r v e d  th a t  s ta b i l ity  o f  p a p r ik a  c a r o t e n o id s  s l ig h t ly  in c r e a s e s  w ith  r is e  in  
w a t e r  a c t iv ity .  C h e n  &  G u ta n is  ( 1 9 6 8 )  r e p o r t e d  t h a t  d e g r a d a t io n  o f  
c a r o t e n o id s  in  g r o u n d  c h il l i  p a p r ik a  f o l lo w s  a  s e c o n d  o r d e r  r e a c t io n  k in e t ic s  a n d  
t h e  r e a c t io n  c o n s t a n t s  w e r e  2 - 3  t im e s  h ig h e r  a t  4 - 5 %  m o is tu r e  th a n  a t  8 - 9 %  
m o is t u r e .  Q u a c k e n b u s h  ( 1 9 6 3 )  o n  th e  o t h e r  h a n d  h a s  f o u n d  th a t  s t o r e d  c o r n  
h a v in g  3  %  m o is t u r e  r e t a in e d  m o r e  c a r o t e n o id s  th a n  th a t  h a v in g  11  % m o is t u r e .

A u th o rs’ address: D efence Food R esearch  L abora to ry , M ysore-10, India.
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K n o w le s  et al. ( 1 9 6 8 )  a ls o  o b s e r v e d  th a t  x a n t h o p h y l ls  in  a lf a lfa  m e a l  a re  b e t t e r  
r e t a in e d  a t lo w  m o is tu r e  ( 3 - 4 % )  th a n  a t h ig h e r  m o is t u r e  ( 8 - 1 2 % ) .

In  t h e  p r e s e n c e  o f  l ip id s  c a r o t e n o id s  h a v e  b e e n  r e p o r t e d  t o  u n d e r g o  c o u p le d  
o x id a t io n  a t r a te s  d e p e n d a n t  o n  th e  s y s t e m . B i c k o f f e t a / .  ( 1 9 5 5 )  a n d  N a z a r  et al.
( 1 9 7 6 )  r e p o r t e d  th a t  a d d it io n  o f  v e g e t a b le  o i l s  t o  a lfa lfa  m e a l  a n d  c a r r o t  
p o w d e r  in c r e a s e s  t h e  s ta b i l i ty  o f  c a r o t e n o id s .  B u d o w s k i  &  B o n d i  ( 1 9 6 0 )  f o u n d  
th a t  t h e  a d d it io n  o f  u n s a tu r a te d  o i l s  in c r e a s e d  th e  r a te  o f  a u t o x id a t io n  o f  
c a r o t e n o id s .  L im e  ( 1 9 6 9 )  h a s  a ls o  r e p o r t e d  th a t  b o th  m e th y l  l in o le a t e  a n d  
m e th y l  l in o le n a t e  a c c e le r a t e d  th e  r a te  o f  (3 -c a r o te n e  d e s t r u c t io n  in  d e h y d r a t e d  
f o o d s .  K o lo m a n  &  G e r h a r d  ( 1 9 7 4 )  o n  th e  o t h e r  h a n d  h a v e  c o n c lu d e d  th a t  in  
h ig h ly  u n s a t u r a t e d  s y s t e m s ,  c a r o t e n o id s  a re  m o r e  s t a b le  b e c a u s e  l ip id  i t s e l f  
a c c e p t s  f r e e  r a d ic a ls  m o r e  r e a d ily  th a n  c a r o t e n o id s .  T h e  p r e s e n t  s tu d y  w a s  
t h e r e f o r e  u n d e r t a k e n  t o  o b s e r v e  th e  e f f e c t  o f  w a t e r  a c t iv ity ,  fa t ty  a c id  e s t e r s  
a n d  a n t io x id a n t s  o n  th e  s ta b i l ity  o f  c a r o t e n o id s .

M a t e r i a l s  a n d  m e t h o d s
R eagents

A l l  t h e  s o lv e n t s  w e r e  o f  a n a ly t ic a l  r e a g e n t  g r a d e  a n d  u s e d  a s  s u c h  w it h o u t  
fu r th e r  p u r i f ic a t io n . M ic r o c r y s ta l l in e  c e l lu lo s e  a n d  (3 -c a r o te n e  w e r e  fr o m  
E .M e r c k .  M e th y l  s t e a r a t e ,  m e th y l  o l e a t e  a n d  m e th y l  l in o le a t e  w e r e  o b t a in e d  
fr o m  V .P .  C h e s t  I n s t i t u t e ,  D e lh i .  B u t y la t e d  h y d r o x y a n is o le  ( B H A )  a n d  p r o p y l  
g a l la t e  ( P G )  w e r e  fr o m  M a y  &  B a k e r  L t d .,  D a g e n h a m , a n d  W a r d  B le n k in s o p  &  
C o .,  L o n d o n  r e s p e c t iv e ly .

Im p reg n a tio n  o f  (3-caro tene on  cellulose
(3 -c a r o te n e  ( 8 5  m g )  w a s  d i s s o lv e d  in  5 0  m l o f  b e n z e n e  a n d  q u a n t i t a t iv e ly  

tr a n s fe r r e d  t o  a 1 l itr e  R B  f la s k  c o n t a in in g  5 0  g  m ic r o c r y s ta ll in e  c e l lu lo s e .  
W e ig h e d  q u a n t i t i e s  o f  B H A  ( 1 0  m g )  o r  P G  ( 1 0  m g )  a n d  m e th y l  e s t e r s  o f  fa t ty  
a c id s  ( 7 7 5  m g )  w e r e  d i s s o lv e d  in  b e n z e n e  a n d  a d d e d  to  th e  c e l lu lo s e  p o w d e r  
a lo n g  w ith  (3 -c a r o te n e . T h e  f la s k  w a s  s w ir le d  f o r  u n ifo r m  m ix in g  a n d  t h e  s o lv e n t  
w a s  e v a p o r a t e d  u n d e r  v a c u u m  u s in g  a  r o ta r y  v a c u u m  e v a p o r a t o r .  T h e  c o lo u r e d  
p o w d e r  w a s  g r o u n d  in  a  g la s s  m o r ta r  in  o r d e r  to  b r e a k  a n y  lu m p s  a n d  r e d r ie d  
u n d e r  v a c u u m  t o  r e m o v e  th e  tr a c e s  o f  b e n z e n e  A l l  o p e r a t io n s  w e r e  c a r r ie d  o u t  
u n d e r  s u b d u e d  l ig h t .

Storage tests
I m p r e g n a t e d  c e l lu lo s e  p o w d e r  w a s  a d j u s t e d  t o  d i f f e r e n t  w a t e r  a c t iv ity  b y  

k e e p in g  8  g  o f  s a m p le s  in  g la s s  p e tr i  d is h e s  o f  8 .5  m m  d ia m e t e r  o v e r  s a tu r a te d  
s a lt  s o lu t io n s  in  d e s ic c a t o r s  a c c o r d in g  t o  th e  m e t h o d  o f  R o c k la n d  ( 1 9 6 0 ) .  T h e  
d e s ic c a t o r s  w e r e  w r a p p e d  in  b la c k  p o l y e t h y l e n e  a n d  s to r e d  a t r o o m  t e m p e r a 
tu r e  ( 1 6 - 3 2 ° C ) .  O n  a lt e r n a t iv e  d a y s  d e s ic c a t o r s  w e r e  o p e n e d  fo r  2  m in  fo r  
r e p le n is h in g  d e p le t e d  o x y g e n  in  th e  s to r a g e  a t m o s p h e r e .  T h e  c o n c e n t r a t io n  o f
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Figure 1. P ercen tage loss of (3-carotene during storage at d ifferen t w ater activities. 1, 
0 .0 ; 2, 0 .22; 3, 0 .33; 4, 0 .43; 5, 0 .73aw.

(3 -c a r o te n e  in  th e  s a m p le s  w a s  d e t e r m in e d  b y  e x tr a c t in g  2 5 0  m g  s a m p le s  w ith  
5 0  m l h e x a n e  a n d  m e a s u r in g  th e  a b s o r b a n c e  a t  4 4 9  n m  u s in g  a P e r k in - E lm e r  
M o d e l  1 2 4  S p e c t r o p h o t o m e t e r .  F o r  d e t e r m in in g  p e r o x id e  v a lu e ,  1 g  s a m p le s  
w e r e  t r e a t e d  w ith  2 5  m l c h lo r o f o r m - a c e t ic  a c id  ( 2 : 3 )  m ix tu r e .  T h e  m ix t u r e  w a s  
t r e a te d  w ith  1 m l s a tu r a te d  p o t a s s iu m  io d id e  s o lu t io n  a n d  k e p t  in  th e  d a r k .  
A f t e r  1 5  m in  t h e  c o n t e n t s  w e r e  t r e a t e d  w ith  3 0  m l d is t i l le d  w a t e r  a n d  t i tr a te d  
a g a in s t  0 .0 1  n  s o d iu m  t h io s u lp h a t e  s o lu t io n  u s in g  1 %  sta r c h  s o lu t io n  a s  in d i 
c a to r .

R e s u l t s  a n d  d i s c u s s i o n
E f f e c t  o f  w a te r  a c t iv ity  o n  th e  r a te  o f  (3 -c a r o te n e  d e g r a d a t io n  is  s h o w n  in  F ig . 1 . 
I t  m a y  b e  s e e n  th a t  in  i s o la t e d  s y s t e m s  th e  r a te  o f  (3 -c a r o te n e  d e g r a d a t io n  
s ig n if ic a n t ly  d e c r e a s e s  w ith  r is e  in  w a te r  a c t iv ity .  B a lo c h  et al. ( 1 9 7 7 )  h a d  
p r e v io u s ly  r e p o r t e d  th a t  (3 -c a r o te n e  w a s  m o s t  s ta b le  a t  m o n o la y e r  w a t e r  a c t iv 
ity  ( 0 .3 2 ) .  H o w e v e r ,  in  th e  p r e s e n t  s tu d y , s ta b i l ity  o f  (3 -c a r o te n e  in c r e a s e d  w ith  
in c r e a s in g  w a t e r  a c t iv ity  e v e n  a b o v e  th e  m o n o la y e r  v a lu e .  K a n n e r e i a / .  ( 1 9 7 8 ) ,  
C h o u  &  B r e e n e  ( 1 9 7 2 ) ,  C h e n  &  G u ta n is  ( 1 9 6 8 )  a n d  M a r t in e z  &  L a b u z a
( 1 9 6 8 )  h a v e  a ls o  f o u n d  th a t  t h e  p r o t e c t iv e  e f f e c t  o f  w a te r  c o n t in u o u s ly  
in c r e a s e d  fr o m  d r y  t o  m u lt i la y e r  r e g io n .

B o t h  B H A  a n d  P G  s ig n if ic a n t ly  lo w e r e d  th e  r a te  o f  [3 -c a r o te n e  d e g r a d a t io n  
(F ig s .  2 - 4 ) .  R e la t iv e ly  B H A  w a s  m o r e  e f f e c t iv e  in  th e  d ry  s y s t e m s  w h e r e a s  P G  
w a s  m o r e  e f f e c t iv e  a b o v e  th e  m o n o la y e r  r e g io n .  H ig h e r  e f f e c t iv e n e s s  o f  P G  
a b o v e  th e  m o n o la y e r  r e g io n  m a y  b e  d u e  to  it s  h ig h e r  h y d r o p h il ic i ty  c o m p a r e d
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Figure 2 . E ffect of an tioxidants on losses in B -carotene during storage at 0.0 a w. 1, 
contro l; 2, B -carotene +  Pb; 3, 3 -ca ro ten e  +  B H A .

Figure 3 . E ffect o f an tioxidants on losses in B -carotene during storage at 0.33 . 1,
B -carotene; 2, B -carotene +  Pb; 3. B -carotene +  B H A .
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Figure 4 . E ffect o f an tioxidants on losses in p -ca ro tene  during sto rage at 0.57 a w . 1, 
p -ca ro ten e ; 2, (3-carotene +  B H A ; 3, (3-carotene +  PG .

Storage period (days)

F igure 5. E ffect o f fatty  acid m ethyl esters on the losses in p -ca ro ten e  during storage 
a t 0 .0 .1 , con tro l; 2, p -ca ro ten e  +  m ethyl lino leate; 3, p -ca ro ten e  +  m ethyl o lea te ; 4. 
P -caro tene +  m ethyl lino leate  +  B H A ; 5, p -ca ro tene  +  m ethyl stearate .
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Figure 6. E ffect o f fatty  acid m ethyl esters on the losses in p -ca ro ten e  during storage 
at 0.33 a w. 1, 3 -ca ro ten e ; 2, p -ca ro ten e  +  m ethyl lino leate; 3. p -ca ro ten e  +  m ethyl 
o lea te ; 4, p -ca ro ten e  +  m ethyl lino leate  +  B H A ; 5, P -caro tene +  m ethyl steara te .

F igure 7. E ffect o f fatty  acid m ethyl esters on the losses in p -ca ro tene  during storage 
at 0 .73 a K. 1, p -ca ro ten e ; 2, p -ca ro ten e  + m ethyl lino leate; 3, p -ca ro ten e  + m ethyl 
o lea te ; 4, p -ca ro ten e  +  m ethyl linoleate +  B H A ; 5, p -ca ro tene  +  m ethyl s teara te .



T able  1. P erox ide value (m eq 02/Kg pow der) of con tro l and m ethyl o lea te  m odel system s
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Storage P eroxide value
perio d  C ontro l M ethyl o leate
(days) 0.0 0.22 0.33 0.43 0.57 0.73 0.0 0.22 0.33 0.43 0.57 0.73

17 3.2 3.1 3.1 2.6 2.5 2.5 6.3 5.2 4.5 4.7 3.7 3.2
26 4.1 3.8 3.8 3.2 3.0 3.1 8.9 8.4 7.2 6.0 5.3 5.4
32 5.2 4.2 3.8 4.0 3.5 3.4 16.8 9.4 7.2 6.8 6.3 6.1

w it h  B H A  ( C o r n e l l  et a l., 1 9 6 9 )  a n d  c o n c o m it a n t  in c r e a s e d  m o b i l i t y  in  th e  
s y s t e m . I n c r e a s e d  m o b i l i t y  o f  P G  a b o v e  t h e  m o n o la y e r  r e g io n  is  l ik e ly  to  
in c r e a s e  t h e  c h a n c e s  o f  its  in t e r a c t io n  w ith  th e  f r e e  r a d ic a ls  in  t h e  a u t -  
o x id a t iv e  p r o c e s s  a n d  th e r e b y  r e s u lt  in  it s  e n h a n c e d  p r o t e c t iv e  a c t io n .  A n y  
in c r e a s e  in  th e  m o b i l i t y  o f  B H A  d u e  t o  r is e  in  w a te r  a c t iv ity  is  l ik e ly  t o  b e  s m a ll  
b e c a u s e  o f  its  v e r y  p r o n o u n c e d  h y d r o p h o b ic  n a tu r e  ( C o r n e l l ,  D e v i lb e r s  &  
P a lla n s c h ,  1 9 6 9 ) .  I n c o r p o r a t io n  o f  fa t ty  a c id  m e t h y le s t e r s  a lo n g  w ith  B H A  
s h o u ld  in c r e a s e  i t s  m o b i l i t y  a n d  t h e r e b y  its  p r o t e c t iv e  a c t io n .  In  fa c t  t h e  p r o t e c 
t iv e  a c t io n  o f  B H A  in  th e  p r e s e n c e  o f  m e t h y l  l in o le a t e  h a s  b e e n  f o u n d  t o  b e  
s ig n if ic a n t ly  h ig h e r  th a n  th a t  o f  B H A  a lo n e  (F ig s .  2 - 7 ) .  S h e a r e r  &  B la in  ( 1 9 6 6 )  
h a v e  a ls o  o b s e r v e d  t h e  a c t iv ity  o f  a n t io x id a n ts  in  s ta b i l iz in g  (1 -c a r o te n e  
in c r e a s e d  in  t h e  p r e s e n c e  o f  m e th y l  l in o le a t e  o f  l in o le i c  a c id .

E f f e c t  o f  m e t h y l  s t e a r a t e ,  m e th y l  o le a t e  a n d  m e th y l  l in o le a t e  o n  t h e  r a te  o f  
(1 -c a r o te n e  d e g r a d a t io n  is  s h o w n  in  F ig s .  5 - 7 .  I n c o r p o r a t io n  o f  m e t h y l  s t e a r a t e  
a n d  o le a t e  c o n s id e r a b ly  e n h a n c e d  t h e  s ta b i l ity  o f  (1 -c a r o te n e  in  c e l lu lo s e  m o d e l  
s y s t e m s  a t  a ll  t h e  w a te r  a c t iv it ie s  ( 0 .0 0  to  0 .7 3 )  a n d  d u r in g  t h e  e n t ir e  p e r io d  o f  
s t o r a g e .  M e t h y l  l in o le a t e  o n  th e  o t h e r  h a n d  s t a b i l iz e d  (1 -c a r o te n e  d u r in g  in it ia l  
s t a g e s  o f  s t o r a g e  o n ly ;  t h e  s ta b i l iz in g  e f f e c t  b e in g  e v id e n t  o n ly  u p  t o  7 , 1 6  a n d  3 0  
d a y s  o f  s t o r a g e  a t  0 .0 0 ,  0 .3 2  a n d  0 .7 3  w a te r  a c t iv it ie s  r e s p e c t iv e ly .  D u r in g  
s u b s e q u e n t  p e r io d s  m e th y l  l in o le a t e  s ig n if ic a n t ly  e n h a n c e d  th e  r a te  o f  
(1 -c a r o te n e  o x id a t io n  a n d  e x h ib i t e d  a  m a r k e d  p r o o x id a n t  e f f e c t .  A p p a r e n t ly

T able 2 . P eroxide value (m eq Ch/Kg pow der) of m ethyl lino lea te  and m ethyl lino leate  +  B H A  
m odel system s

Storage ________________________________ P erox ide value
perio d  M ethyl linoleate_______________________ M ethyl lino leate  +  B H A
(days) 0.0 0.22 0.33 0.43 0.57 0.73 0.0 0.22 0.33 0.43 0.57 0.73

7 8.4 4.8  4.8 4.8 4.9 4.5 6.5 2.9 2.9 2.9 2.9 2.5
14 106.9 55.9  12.0 12.0 7.9 7.0 10.2 10.3 6.3 6.3 6.4 5.4
18 104.9 110.3 19.8 — 10.5 8.1 17.7 14.2 8.2 8.1 7.6 4.9
27 77.6 77.2  96.3 86.7 35.8 12.8 20.2 — 9.7 8.9 8.7 5.8
33 67.9 68.0  96.5 88.1 92.8 17.5 — — — — — —
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b o t h  a n t i - o x y g e n ic  a n d  p r o - o x y g e n ic  fa c to r s  a r e  in v o lv e d  in  d e te r m in in g  th e  
e f f e c t  o f  l ip id s  o n  t h e  s ta b i l ity  o f  c a r o t e n o id s .  T h e  in c r e a s e d  s ta b i l ity  o f  
3 - c a r o t e n e  in  th e  p r e s e n c e  o f  m e t h y l  e s t e r s  o f  fa t ty  a c id s  m a y  b e  d u e  t o  th e  
d i lu t io n  e f f e c t  w h e r e a s  p r o - o x id a n t  e f f e c t  o f  h ig h ly  u n s a tu r a te d  fa t ty  a c id s  l ik e  
m e t h y l  l in o le a t e  m a y  b e  d u e  t o  th e ir  in c r e a s e d  s u s c e p t ib i l i t y  to w a r d s  a n t io x id a 
t io n  a n d  c o n c o m it a n t ly  in c r e a s e d  c o n c e n t r a t io n  o f  p e r o x id e s  w h ic h  c a t a ly s e  th e  
d e s t r u c t io n  o f  p - c a r o t e n e .  In  th e  c a s e  o f  m e t h y l  s t e a r a t e  a n d  l o e a t e ,  th e  a u t o x i -  
d a t io n  p r o c e e d s  t o o  s lo w ly  ( T a b le  1 ) ,  th e  s t a b i l iz a t io n  d u e  t o  d i lu t io n  e f f e c t  
m a n if e s t s  i t s e l f  o v e r  t h e  p r o - o x id a n t  e f f e c t  r e s u lt in g  in  a n  o v e r a l l  in c r e a s e d  
s ta b i l ity  o f  p - c a r o t e n e .  B u t  in  th e  c a s e  o f  m e th y l  l in o le a t e  t h e  d i lu t io n  e f f e c t  is  
p r o m in e n t  o n ly  d u r in g  t h e  in d u c t io n  p e r io d  w h e n  t h e  c o n c e n t r a t io n  o f  p e r o x 
id e s  is  l o w  ( T a b le  2 ) .  A f t e r  th e  in d u c t io n  p e r io d  th e  p r o - o x id a n t  e f f e c t  b e c o m e s  
m o r e  p r o n o u n c e d  r e s u lt in g  in  a n  o v e r a l l  e n h a n c e d  r a te  o f  p - c a r o t e n e  d e g r a d a 
t io n .  S in c e  th e  r a te  o f  a u t o x id a t io n  o f  fa t ty  a c id  e s t e r s  d e c r e a s e s  w ith  a n  
in c r e a s e  in  w a te r  a c t iv ity ,  t h e  e n h a n c e d  s ta b i l ity  o f  p - c a r o t e n e  d u e  t o  d i lu t io n  
e f f e c t  o f  m e th y l  l in o le a t e  is  m o r e  p r o m in e n t  a t  h ig h e r  w a t e r  a c t iv it ie s  ( 7  d a y s  a t  
0 .0 0  a w a n d  3 0  d a y s  a t  0 .7 3  a w ) .  In  t h e  c a s e  o f  m e t h y l  l in o le a t e  p lu s  B H A ,  
a u t o x id a t io n  p r o c e e d s  t o o  s lo w ly ,  t h e  s ta b i l iz in g  a c t io n  d u e  t o  d i lu t io n  e f f e c t  
m a n if e s t s  i t s e l f  d u r in g  t h e  e n t ir e  p e r io d  o f  s t o r a g e .  T h is  is  a ls o  s u p p o r te d  b y  th e  
r e la t iv e ly  l o w  p e r o x id e  v a lu e  o f  t h e  s y s t e m  c o n t a in in g  l in o le a t e  a n d  B H A  
( T a b le  2 ) .
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Stability o f  carotenoids in dehydrated carrots

S . S . A R Y A ,  V . N A T E S A N ,  D .  B .  P A R I H A R  a n d  P . K . V I J A Y A R A G H A -  
V A N

S u m m a r y
T h e  e f f e c t s  o f  w a t e r  a c t iv ity ,  s a lt ,  s o d iu m  m e t a b is u lp h i t e  a n d  E m b a n o x - 6  o n  
t h e  s ta b i l ity  o f  c a r o t e n o id s  in  d e h y d r a t e d  c a r r o ts  h a s  b e e n  in v e s t ig a t e d .  
C a r o t e n o id  p ig m e n t s  h a v e  b e e n  f o u n d  t o  b e  m o s t  s t a b le  a t  0 .4 3  a w . I n c o r p o r a 
t io n  o f  s a lt ,  s o d iu m  m e t a b is u lp h i t e  a n d  E m b a n o x - 6  s ig n if ic a n t ly  r e d u c e d  t h e  
r a te  o f  c a r o t e n o id  d e s t r u c t io n  a n d  n o n - e n z y m ic  b r o w n in g  in  d e h y d r a t e d  c a r 
r o ts .

I n t r o d u c t i o n
S e v e r a l  d e t e r io r a t iv e  r e a c t io n s  a f f e c t  th e  c o lo u r ,  n u tr it iv e  v a lu e ,  t e x t u r e  a n d  
f la v o u r  o f  d e h y d r a t e d  v e g e t a b le s  d u r in g  s t o r a g e .  D e g r a d a t io n  o f  c a r o t e n o id s  
h a s  b e e n  r e p o r t e d  t o  p la y  a n  im p o r ta n t  r o le  in  d e t e r m in in g  t h e  o v e r a l l  s t o r a g e  
l i f e  o f  d e h y d r a t e d  c a r r o ts . T o m k in s  et al. ( 1 9 4 4 ) ,  T a j ir i ,  M a t s u m o t o  &  H a r a
( 1 9 7 3 )  a n d  T o m k in s ,  M a p s o n  &  W a g e r  ( 1 9 4 6 )  r e p o r t e d  th a t  o f f - f la v o u r s  
b e c a m e  n o t i c e a b le  w h e n  a b o u t  2 0 - 4 5 %  o f  t h e  to ta l  c a r o t e n o id s  h a d  b e e n  
d e s t r o y e d .  F a lc o n e r  e ta l . ( 1 9 6 4 )  a ls o  r e p o r t e d  a  s ig n if ic a n t  c o r r e la t io n  b e t w e e n  
th e  d e v e lo p m e n t  o f  o f f - f la v o u r s  a n d  c a r o t e n o id  d e s t r u c t io n  in  f r e e z e  d r ie d  
c a r r o t  p o w d e r  s t o r e d  a t 1 8 °C . F is h  w ic k  ( 1 9 6 9 )  a n d  W a lte r  et al. ( 1 9 7 0 )  h a v e  
r e p o r t e d  th a t  v o i l e t -  a n d  h a y - l ik e  a r o m a  p r e v a le n t  in  s t o r e d  d e h y d r a t e d  v e g e t 
a b le s  a r is e  f r o m  t h e  a u t o x id a t io n  o f  c a r o t e n o id s .  A  n u m b e r  o f  fa c t o r s  s u c h  a s  
b la n c h in g ,  w a te r  a c t iv ity  a n d  th e  p r e s e n c e  o f  p r o -  a n d  a n t i - o x id a n t s  m a y  
in f lu e n c e  th e  s ta b i l i ty  o f  c a r o t e n o id s  in  f o o d s .  In  t h e  p r e s e n t  s tu d y  t h e  e f f e c t s  o f  
w a t e r  a c t iv ity ,  b la n c h in g  a n d  a d d it iv e s  l ik e  N a C l ,  b i s u lp h i t e  a n d  E m b a n o x - 6  o n  
th e  s ta b i l ity  o f  c a r o t e n o id s  in  d e h y d r a t e d  c a r r o ts  h a s  b e e n  s t u d ie d .

A u tho rs’ address: D efence F ood R esearch  L abora to ry , M y so re-10, India.
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M a t e r i a l s  a n d  m e t h o d s
C arrots

G o o d  q u a li ty  c a r r o ts  w e r e  p u r c h a s e d  fr o m  th e  lo c a l  m a r k e t ,  t r im m e d  a n d  
h a n d  p e e le d .  T h e  c a r r o ts  w e r e  w a s h e d  in  r u n n in g  ta p  w a te r ,  s l i c e d  ( 3 - 4  m m  
th ic k )  a n d  m ix e d  th o r o u g h ly .  S l ic e d  c a r r o ts  ( 3  k g )  w e r e  ta k e n  in  a  m u s l in  c lo th  
a n d  b la n c h e d  in  b o i l in g  w a t e r  fo r  s ix  m in u te s  t o  in a c t iv a t e  th e  p e r o x id a s e  
a c t iv ity .  In  o r d e r  t o  s tu d y  th e  e f f e c t  o f  s a lt ,  s o d iu m  m e t a b is u lp h it e  a n d  
E m b a n o x - 6 ,  th e  b la n c h e d  c a r r o ts  (3  k g )  w e r e  d ip p e d  in  5 %  N a C l  s o lu t io n  (3  1) 
b o th  w ith  a n d  w it h o u t  s o d iu m  m e t a b is u lp h i t e  ( 0 .1  % ) a n d  E m b a n o x - 6  ( 0 .1  % )  
fo r  2 0  m in .

H o t air dry ing
T h e  b la n c h e d  a n d  t r e a t e d  c a r r o ts  w e r e  d e h y d r a t e d  in  a  K ilb u r n  h o t  a ir  d r ie r  

a t  7 0 ° C  t o  a  f in a l  m o is tu r e  l e v e l  o f  4 - 5 % .

A cce lera ted  freeze  dry ing
B o t h  b la n c h e d  a n d  u n b la n c h e d  c a r r o ts  w e r e  f r o z e n  in  a b la s t  f r e e z e r  a n d  

d e h y d r a t e d  b y  a c c e le r a t e d  f r e e z e  d r y in g  t e c h n iq u e  in  a ‘S o c a lt r a ’ f r e e z e  d r y in g  
p la n t  h a v in g  a  r a d ia t io n  h e a t in g  s y s t e m . D u r in g  f r e e z e  d r y in g , th e  p r o d u c t  
t e m p e r a t u r e  w a s  in c r e a s e d  fr o m  - 2 5 ° C  a t th e  b e g in n in g  to  5 0 ° C  a t th e  e n d  o f  
th e  d r y in g  c y c le  ( 8  h ) . T h e  m o is tu r e  c o n t e n t  in  th e  d r ie d  p r o d u c t  v a r ie d  fr o m  
3 - 4 % .

P ackag ing  a n d  storage
T h e  d e h y d r a t e d  c a r r o ts  ( 5 0  g )  w e r e  p a c k e d  in  p a p e r - a lu m in iu m  f o i l -  

p o ly e t h y le n e  la m in a t e d  p a c k s  a n d  s t o r e d  a t r o o m  t e m p e r a t u r e  ( 1 6 - 3 2 ° C ) .  F o r  
s tu d y in g  t h e  e f f e c t  o f  w a te r  a c t iv ity  o n  th e  r a te  o f  c a r o t e n o id  d e s t r u c t io n ,  1 5  g  
s a m p le s  o f  p o w d e r e d  f r e e z e  d r ie d  c a r r o ts  w e r e  k e p t  in  g la s s  p e tr i  d i s h e s  o v e r  
s a tu r a te d  s a lt  s o lu t io n s  in  d e s ic c a t o r s  w h ic h  w e r e  w r a p p e d  in  b la c k  
p o l y e t h y l e n e  a n d  s t o r e d  a t r o o m  te m p e r a t u r e .

E stim a tion  o f  caro tenoids
T o t a l  c a r o t e n o id s  in  a ir  d r ie d  c a r r o ts  w e r e  d e t e r m in e d  a c c o r d in g  to  L iv in g 

s t o n ,  K n o w le s  &  K o h le r  ( 1 9 7 1 ) .  C a r o t e n o id s  fr o m  r a w , b la n c h e d  a n d  f r e e z e  
d r ie d  c a r r o ts  w e r e  e x t r a c t e d  w ith  a c e t o n e - h e x a n e  m ix tu r e  a c c o r d in g  to  A O A C  
P r o c e d u r e  ( 1 9 7 5 ) .  F r o m  th e  e x tr a c t  a c e t o n e  w a s  w a s h e d  w ith  f iv e  1 0 0  m l 
p o r t io n s  o f  5  %  N a C l s o lu t io n .  T h e  v o lu m e  o f  th e  h e x a n e  la y e r  w a s  m a d e  u p  to  
1 0 0  m l a n d  th e  a b s o r b a n c e  w a s  m e a s u r e d  a t 4 4 9  n m  in  a P e r k in - E lm e r  m o d e l  
1 2 4  s p e c t r o p h o t o m e t e r .  T o t a l  c a r o t e n o id s  w e r e  e x p r e s s e d  a s  (3 -c a r o te n e  u s in g  
E ,'J : 2 5 0 0 .
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Figure 1. Sorption isotherm of freeze dried carrot powder.-----, Blanched;
unblanched.

L ip id  p e r o x id a tio n
TBA values were determined by the steam distillation method of Tarledgisei 

al. (1960). The peroxide values of dehydrated carrots were measured by 
extracting 5 g samples with 20 ml chloroform. The chloroform extract was 
treated with 30 ml acetic acid and 1 ml saturated KI solution and kept in the 
dark. A fter 15 min, the contents were treated with 50 ml water and titrated with 
standard sodium thiosulphate solution ( 0 . 0 1  n )  using 1 %  starch solution as 
indicator.

N o n -e n z y m ic  b r o w n in g
Five g samples were shaken with 100 ml water in a wrist shaker for 2 hr. The 

solution was centrifuged at 5000g and the absorbance was measured at 420 nm.

M o is tu re
The moisture content in dehydrated carrots was estimated according to ISI 

method (I.S.4625-1968).

R esults and d iscu ssion
E ffe c t o f  w a te r  a c tiv ity

Changes in carotenoids in freeze dried carrot powders stored at different 
water activities (aw, 0.0 to 7.3) are shown in Table 1. It may be observed that 
carotenoids are relatively more stable in the range of 0.32 to 0.57 aw; the 
maximum stability is near about 0.43 a w . Both below and above this level the 
rate of carotenoid destruction increased significantly. The increase in the rate of 
carotenoid destruction was greater at lower a w than at higher a w . The moisture

32
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Table 1. Effect of water activity on the stability of carotenoids in freeze dried carrots
Storage Total carotenoids ((xg/g)
period Unblanched____________________  Blanched
(days) 0.0 0.23 0.33 0.43 0.57 0.73 O.C 0.23 0.33 0.43 0.57 0.73
0 1035 _ _ _ _ _ 1240 — __ _ — —
6 801 830 861 896 867 866 832 936 973 981 948 935

10 751 790 822 833 832 834 7 74 884 934 940 924 929
15 709 741 775 781 777 718 615 806 822 849 837 813
21 608 689 746 747 710 633 42 750 767 821 813 667

(5.8) (2.1) (1.8) (1.1) (1.2) (2.8) (20.7) (2.8) (1.8) (1.1) (1.6) (3.4)
27 368 — 681 687 650 365 5 643 730 745 735 364

(38.3) (1.9) (1.6) (1.2) (3.1) (9.8) (86.7) (3.1) (2.5) (1.1) (2.3) (15.8)
31 58 567 603 646 602 300 — 561 615 678 675 218

(79.1) (1.6) (1.6) (1.2) (4.8) (14.2) (60.5) (8.5) (2.8) (1.1) (3.8) (26.2)
41 6 453 470 568 549 140 — 428 502 575 556 145

(5.4) (3.5) (4.7) (4.5) (5.7) (11.4) (5.1) (3.5) (3.5) (4.0) (4.4) (10.9)
Values in brackets indicate the peroxide value of the samples after the respective storage 

periods.

sorption isotherm of freeze dried carrots is shown in Fig. 1. A t an aw of 0.43 
freeze dried carrots equiliberated to 8.8-10.0%  moisture. Previously Tomioka 
et al. (1973) have also observed that carotenoids in freeze dried carrots were 
more stable at 10% than at 0% moisture. Tomkins et al. (1944), however, 
reported that proportion of (3-carotene oxidized during storage was higher at 
8.2% moisture than at 5.4% moisture.

In isolated systems the rate of carotenoid destruction has been found to 
decrease continuously with increasingaw (A ryaetal., 1979; Kanner, Mendel & 
Budowski, 1978). The increase in the rate of carotenoid destruction at higher 
water activities (avv, 0.73) in freeze dried carrots may be due to solubilization 
and concomitantly increased mobilization of catalysts present and exposure of 
new sites on solid matrix as a result of swelling of the matrix. An increase in the 
rate of lipid peroxidation at higher aw in the presence of metal catalysts has been 
observed previously by Labuza & Chou (1974). In the present study also the

Table 2. Changes in total carotenoids, TBA value and peroxide value of freeze dried carrots 
stored at 5°C
Storage
period
(months)

Unblanched Blanched
Carotenoids
(o-g/g)

TBA
value

Peroxide
value

Carotenoids
(h-g/g)

TBA
value

Peroxide
value

0 1035 0.12 1.8 1240 0.09 2.1
2 390 1.27 17.5 253 2.44 43.4
4 100 2.09 15.2 76 3.05 22.3

TBA value, mg of malonaldehyde per kg substance.
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peroxide value of freeze dried carrots stored at an aw of 0.73 was significantly 
higher than those stored a ta w of 0.32 to 0.57% (Table 1). Since in the presence 
of lipids carotenoids undergo coupled oxidations increased concentration of 
peroxides would be expected to enhance the rate of carotenoid destruction. In 
our previous studies in isolated systems, no metal catalysts were included and 
consequently increase in the carotenoid destruction and lipid peroxidation due 
to increased mobilization of catalysts may not be of significance. Accordingly 
the protective action of water increased continuously with increasing aw.

Relatively the rate of carotenoid destruction was higher in blanched freeze 
dried carrots than in unblanched freeze dried carrots. This effect was particu
larly more pronounced at very lownw. Tomkins etal. (1944) have reported that 
scalding did not significantly alter the rate of carotenoid destruction in dehy
drated carrots. Feinberg et al. (1964), however, reported that blanching before 
dehydration enhances the stability of carotenoids. This effect is generally 
believed to be due to the inactivation of peroxidase and lipoxidase activity 
which catalyse the destruction of carotenoids and lipids during dehydration and 
storage. But in freeze dried carrots, especially at low moisture content, blanch
ing seems to accelerate the rate of autoxidation of lipid and carotenoids (Table 
2). This suggests that some substances which stabilize carotenoids are either 
degraded or leached out during blanching. It has been reported that about 
10-30%  of total solids are lost due to leaching during steam and hot water 
blanching operations (Baloch, Buckle & Edwards, 1977; Gooding, Tucker & 
MacDougall, 1960). W ater soluble compounds like ascorbic acid, amino acids, 
bioflavonoids and other polyphenolic compounds present in carrots are 
expected to be leached out during processing. In unblanched freeze dried 
carrots these substances may act as anti-oxidants against autoxidation of 
carotenoids and lipids. A beneficial effect of these substances in stabilizing 
lipids and carotenoids has been reported previously (Lea, 1958; Pratt & Watts, 
1964; Karel et al., 1966; Tajiri, Matsumoto & Hara, 1973; Ben Aziz et al., 
1968; Kanner etal., 1978). Alternatively it may also be argued that at low water 
activity, catalytic activity of peroxidase enzymes may become limited on 
account of inadequate substrate mobility because the rate of enzyme reactions 
in dried foods is limited by the rate at which the substrate diffuses to enzyme. 
Possibility of reactivation of peroxidase activity in blanched freeze dried carrots 
during storage is ruled out as no activity could be detected in stored samples. 
Whichever be the mechanism leaching of soluble solids during blanching is a 
potential food loss during the dehydration process and more efforts are neces
sary in understanding their role in deteriorative reactions vis-a-vis optimizing 
the conditions of blanching for maximizing the shelf life of dried carrots.

E ffe c t o f  a d d itiv e s
Many workers have investigated the role of additives such as bisulphite, NaCl 

and antioxidants on the stability of carotenoids in dehydrated foods. Conclu
sions of these studies, however, have been at variance (Speck, Eschar & Solms,
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1977; Ellis e t a l . ,  1970; Nutting, Neumann & Wagner, 1970; Roberts & 
McWeeny, 1972; Masure e t a l . ,  1950; Nazar e t a l . ,  1976; Zhedek, 1968; 
Tomkins e t a l . ,  1946; Braddock & Kesterson, 1974). In the present study the 
effects of NaCl, NazSaOs and Embanox-6 on the stability of carotenoids and 
non-enzymic browning in dehydrated carrots have been investigated and the 
results are presented in Table 3. It has been observed that addition of NaCl, 
NaaSzOs and Embanox-6 helps in stabilizing of carotenoids and lipids in dehy
drated carrots. Speck e t a l. (1977) have previously reported that salt treatm ent 
before air drying significantly improves colour, texture, flavour and carotenoid 
stability in dehydrated carrots. Ellis e t a l. (1970), however, observed that NaCl 
acted as pro-oxidant in dehydrated products but as an antioxidant in hydrated 
gels. In the present study soaking of blanched carrots in 5% NaCl prior to 
drying significantly reduced the rate of degradation of carotenoids. The salt 
uptake in the dehydrated carrots was 23% of the total solids as compared to 
37% reported by Speck e t a l. (1977). Salt treatm ent also significantly reduced 
the rate of non-enzymic browning and improved reconstitution characteristics 
of the dehydrated carrots. As is evident (Table 3) NaCl, Na2S20s and 
Embanox-6 had complementary effect in stabilizing (3-carotene in dehydrated 
carrots. Beneficial action of SO2 and antioxidants in stabilizing carotenoids in 
dehydrated vegetables has been reported by Roberts & McWeeny (1972), 
Nutting et a l. (1970), Bakai & Zabara (1971); Guether & Henning (1974). 
Tomkins, Mapson & Wager (1946) and Feinberg e t a l. (1964), however, 
reported that sulphite treatment did not significantly lower the rate of 
carotenoid destruction. Nazar e t a l. (1976) have reported that incorporation of 
BHA along with fats stabilizes but incorporation of BHA with propylene glycol 
had no effect on carotenoid stability in dehydrated carrot powder. In the 
present study, however, incorporation of Embanox-6, (PG, BHA and citric 
acid in propyleneglycol) significantly enhanced the stability of carotenoids and 
lipids in dehydrated carrots. Incorporation of Embanox-6 along with salt and 
metabisulphite also tended to decrease the rate of non-enzymic browning.
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T h e  r a p id  d e t e c t i o n  o f  p o ly p h o s p h a t e  in  
b r o i le r  c h ic k e n  b r e a s t  m u s c le

T. C. GREY, D. ROBINSON a n d  J. M. JONES

Summary
A method for rapid detection of the presence of injected polyphosphate or a 
mixture of polyphosphate and sodium chloride solutions in broiler breast 
muscle has been developed. Detection is based on the ratio of sodium and 
phosphorus (as P2O5) concentrations found in a trichloroacetic acid (TCA) 
extract of the muscle. Comparison of acid digested and undigested TCA 
extracts showed that the presence of these added salts could be demonstrated 
equally well without acid digestion. The method has been satisfactorily applied 
to the analysis of deep-frozen broilers purchased from supermarkets.
Introduction
The ratio of sodium and phosphorus obtained by analysis of broiler breast 
muscle was used by Grey, Robinson & Jones (1977) to confirm the presence or 
absence of injected solutions containing polyphosphate or sodium chloride or a 
mixture of the two. However, the analytical methods involved the use of 
perchloric acid, both in the digestion of the muscle and in the colorimetric 
reagent for phosphorus determination, and the careful control of its concentra
tion in the determination of sodium by atomic absorption spectrophotometry.

This paper describes a speedy, routine and reliable method of detection 
which involves the use of trichloroacetic acid, a deproteinising reagent widely 
used to extract phosphate intermediates of muscle metabolism (Cardini & 
Leloir, 1957).
Materials and m ethods
R e a g en ts

Analytical reagents were purchased from B.D.H. Chemicals Ltd., Poole, 
Dorset and were all ‘ Analar’ grade except for ammonium metavanadate. Glass 
distilled water was used for the preparation of aqueous solutions.

Authors’ address: A.R.C. Food Research Institute, Colney Lane, Norwich NR4 7UA. 
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In je c tio n  so lu tio n s

These were used as previously described (Grey e t a l., 1977). Concentrated 
polyphosphate solution (PURON 6040) was obtained from Albright and Wil
son Ltd., Oldbury, Warley, Worcs. and diluted according to the manufacturer’s 
directions. A volume of the diluted solution was mixed with an equal volume of 
4%  sodium chloride when a mixture was injected.

Solutions were injected into the breast muscle using a hand operated 
pneumatic injector unit (Autarky Machine Co. Ltd., East Grinstead, Sussex). 
Carcasses were weighed (a) before and (b) 3 min after injection to obtain the 
weight of injection solution retained in the muscle (see Grey, Robinson & 
Jones, 1978). The range of weights of injection solution retained varied from 
1.0-70.0 g in birds ranging in eviscerated weight from 1.3-1.8 kg.
L iv e s to c k  a n d  p r o c e s s in g

Ross I broiler chickens grown under commercial rearing conditions v/ere part 
of the normal daily throughput of a local commercial processing plant. Carcas
ses were removed from the overhead conveyor system at the end of eviscera
tion, placed in insulated containers and transported to the laboratory where 
they were subsequently injected, air-chilled at 0° for 1.5 hr, bagged and frozen 
to -20°C.

A number of carcasses which had been injected, immersion chilled and 
frozen in another commercial processing plant were also used for comparison. 
Their origin and treatm ent were as described by Grey e t a l. (1978). Control 
carcasses were always given exactly the same treatm ent but not injected.
S u p e n n a r k e t  d e e p - f r o z e n  b ro ile r s

Twelve broilers representing three brand names were randomly selected 
from supermarkets, thawed as described below and the breast muscle analysed.
S a m p lin g  p r o c e d u r e

Carcasses were thawed overnight at 15°C and the breast muscles dissected 
out and weighed. They were then cut up into a 1 litre stainless stell homogen- 
izer (Atomix, M.S.E. Ltd., Manor Royal, Crawley, Sussex) containing 100 ml 
of chilled 15% trichloroacetic acid (TCA) and homogenized for 30 sec. A 
further 100 ml of 15% TCA were added and homogenization continued for a 
further 30 sec or until a uniform paste was formed. The paste was then 
transferred to a Büchner funnel containing TCA-washed pulped Whatman 3 
MM paper and suction applied. The homogenizer was rinsed with 50 ml of 15% 
TCA followed by 100 ml of 7.5%  TCA; the washings each time were poured 
over the homogenate in the Büchner funnel. The clear TCA filtrate thus 
obtained was finally made up to 500 ml with glass distilled water and thoroughly
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mixed. Appropriate dilutions of the filtrate were immediately analysed or 
samples taken for acid digestion.

D e t e c t i o n  o f  p o l y p h o s p h a t e  in  b r o i l e r s

A c id  d ig e s tio n  o f T C A  ex tra c ts

Samples (20 ml) of extract were pipetted into 300 ml capacity Kjeldahl flasks 
and 20 ml of concentrated sulphuric acid (sp. gr. =  1.84) slowly added. After 
mixing, the solution was gradually heated to boiling. When all the water had 
been removed, the flasks were refluxed for a minimum of 10 min. They were 
then allowed to cool and 10 ml of concentrated nitric acid added and the heating 
recommenced. Digestion was complete when the evolution of nitrogen dioxide 
had ceased and the solution was virtually colourless. Occasionally some solu
tions remained coloured, in which case a further volume (2-5 ml) of nitric acid 
was added and the heating continued. Time for sulphuric acid digestion was 
approximately 30 min and digestion with nitric acid usually took a further 30 
min. Solutions were finally cooled, diluted and allowed to cool further before 
quantitatively transferring to a 100 ml volumetric flask with glass distilled 
water.

The sodium and phosphorus (as P2O 5) contents of the digest were then 
determined after appropriate dilutions had been made.
E stim a tio n  o f  p h o s p h o r u s  (as P 2 O 5)

Undigested TCA extracts were accurately diluted 1 in 5 with glass distilled 
water and 1.0 ml aliquots of these and of the diluted digested extracts taken for 
analysis; 9.0 ml of glass distilled water were added followed by 10.0 ml of 
freshly prepared molybdovanadate reagent (Statutory Instruments, 1976) and 
mixed. The solutions were allowed to stand for 10 min at ambient tem perature 
and the absorbance then measured at 430 nm using 10 mm cells in a Pye- 
Unicam SP500 series 2 spectrophotometer, against a reference solution con
taining 10.0 ml of reagent and 10.0 ml of a blank solution consisting of either 
the TCA solution used for extraction or an acid digest of this appropriately 
diluted. All estimations were carried out in duplicate.
E stim a tio n  o f  s o d iu m

Acid digests and undigested TCA extracts were diluted to give sodium 
concentrations in the range 5 to 30 pg/ml. Sodium concentration was deter
mined by atomic absorption spectrophotometry using a Pye-Unicam SP 90/A 
series 2 spectrophotometer in the emission mode. Conditions used were: 
wavelength 589 nm, slit width 0.1 nm, lamp current 6.0 mA and an oxidizing 
air/acetylene flame. Estimations were also made on a VARIAN AA6 spec
trophotom eter (Grey e t a l. 1977). Readings on both instruments were con
verted to concentration using calibration curves prepared from standard
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Table 1. Ratio of sodium and phosphorus in TCA extracts of air-chilled breast muscle at various 
levels of injected polyphosphate

Weight of 
solution 
retained 

(g)

Undigested Digested
Concentration 
of P iO s %  
of muscle 
wet weight

Concentration 
of sodium %  
of muscle 
wet weight

Ratio
P2O5
Na

Concentration 
of P iO s %  
of muscle 
wet weight

Concentration 
of sodium % 
of muscle 
wet weight

Ratio
PîOs
Na

Nil 0.28 0.032 8.8 0.34 0.030 11.3
Nil 0.33 0.040 8.3 0.37 0.036 10.3
Nil 0.31 0,036 8.6 0.38 0.032 11.9
10 0.37 0.074 5.0 0.43 0.070 6.1
20 0.44 0.097 4.5 0.49 0.089 5.5
40 0.41 0.109 3.8 0.47 0.102 4.6
50 0.46 0.166 2.8 0.58 0.153 3.8

sodium chloride solutions diluted with the extraction reagent (TCA) or with a 
diluted blank acid digest solution. No suppression of response was encountered 
when the acid digests were diluted at least tenfold.

R esults
P oE ffe c t o f  e ff ic ie n c y  o f  ex tra c tio n  o n  —i—L  ra tioNa

The average concentrations of phosphorus (as P2O 5) and sodium in breast 
muscle of uninjected broiler carcasses estimated by the perchloric acid method 
were 0.51 and 0.053% respectively (Grey e t a l . ,  1977). TCA extraction and 
digestion resulted in approximately two thirds of these values (Tables 1 and 2). 
Variation in the weight of whole breast muscle (150-350 g) removed from 
various weights of carcasses and extracted in a final volume of 500 ml of TCA 
made no significant difference to the ratio. Similarly, when the volume of TCA 
extract was varied by increasing the number of extractions, the concentrations 
of P2O 5 and sodium increased, but the ratio remained constant.

E ffe c t o f  w e ig h t o f  p o ly p h o s p h a te  in je c te d  o n P2O5

Na ra tio

As the weight of injected polyphosphate solution retained in breast muscle 
increased from nil to 50 g, the ratio P20s/Na decreased systematically (Table 
1) in both digested and undigested TCA extracts. The consistent difference in 
ratio between the two extracts was mainly attributable to the higher P2O 5 value 
obtained in the digested extracts.
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Table 2. Sodium and phosphorus ratios in factory processed TCA -extracted broiler breast 

muscle.
Undigested Digested
Concentration Concentration Ratio Concn. of Concentration Ratio
of P2Os% of sodium % P2O5 p2a,% of sodium % P2O5

Treatment of muscle 
wet weight

of muscle 
wet weight

Na of muscle of muscle 
wet weight wet weight

Na

Control 0.29 0.047 6.2 0.35 0.045 7.8
0.31 0.047 6.6 0.40 0.045 8.9
0.32 0.048 6.7 0.37 0.043 8.6
0.35 0.042 8.3 0.39 0.039 10.0

5% *
Polyphosphate 0.50 0.186 2.7 0.62 0.178 3.5injection 0.50 0.170 2.9 0.58 0.155 3.7

0.48 0.176 2.7 0.56 0.162 3.5
0.55 0.207 2.7 0.65 0.204 3.2

* Average weight injected = 62 g.

E ffe c t o f  c o m m e r c ia l  p r o c e s s in g  o n -------  ra tio s .Na
The ratios obtained from commercially processed spin-chilled broilers 

(Table 2) were lower than in the birds air-chilled after injection in the laborat
ory. This consistent difference was the result of higher concentrations of sodium 
found in the TCA extracts (c f  Table 1). Nevertheless the ratios in digested and 
undigested TCA extracts enable injected and uninjected carcasses to be dif
ferentiated.

E ffec t o f  in je c tio n  o f  sa lin e  a n d  m ix e d  s o lu tio n s  o f  s o d iu m  c h lo r id e  a n d  
P zO sp o ly p h o s p h a te  on Na ra tio s

Injecting 4%  sodium chloride and a 50:50 mixture of 4% sodium chloride 
and 5% polyphosphate produced similar, and low, PzOs/Na ratios (Table 3). 
There were only small differences between undigested and digested muscle 
extracts. Thus confirmation of salt alone being injected can be obtained from 
the low P2O5 and high sodium values and the presence of the mixture can be 
deduced from the low ratio and elevated P2O5 and sodium values.
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Treatment
Weight of 
injection 
solution 
retained*

(g)

Undigested 
Concentration. % 
wet weight Ratio
of muscle______P2O5 Sodium Na

Digested
Concentration. %
wet weight Ratio
of muscle______ P2O5
P2O5 Sodium Na

4% sodium chloride
42 0.30 0.147 2.0 0.33 0.149 2.2
45 0.29 0.115 2.5 0.35 0.122 2.9
48 0.26 0.150 1.7 0.41 0.161 2.5
52 0.29 0.182 1.6 0.44 0.184 2.4
66 0.29 0.210 1.4 0.36 0.203 1.8

2% sodium chloride + 2 V i %  polyphosphate
59 0.44 0.228 1.9 0.61 0.220 2.8
66 0.44 0.207 2.1 0.53 0.210 2.5
68 0.48 0.234 2.1 0.50 0.238 2.1
69 0.43 0.210 2.0 0.49 0.213 2.3
70 0.42 0.220 1.9 0.50 0.223 2.2

* Carcase weighed 3 min after injection, air-chilled and frozen.

Application o f  method to broilers o f  unknown history
B r o i le r s  p u rc h a s e d  f ro m  tw o  o f  th r e e  lo c a l s u p e r m a r k e t s  e a c h  w ith  a d i f f e r e n t  

b r a n d  n a m e  w e re  f o u n d  to  c o n ta in  n o  a d d e d  p o ly p h o s p h a te  w h e re a s  th o s e  f ro m  
th e  th i r d  s u p e r m a r k e t  h a d  c o n c e n t r a t io n s  a n d  r a t io s  o f  s o d iu m  a n d  P 2 OS w h ic h  
in d ic a te d  th a t  a  m ix tu r e  o f  s a lt  a n d  p o ly p h o s p h a te  h a d  b e e n  in je c te d  (T a b le  4 ) .

C onclusions
E x t r a c t io n  o f  c h ic k e n  b r e a s t  m u s c le  w ith  T C A , a l th o u g h  r e s u l t in g  in  lo w e r  
c o n c e n t r a t io n s  o f  P2O 5 a n d  s o d iu m  th a n  f o u n d  p r e v io u s ly  u s in g  th e  p e r c h lo r ic  
a c id  d ig e s t  m e th o d  ( G r e y  etal., 1911), n e v e r th e le s s  g a v e  c o n s is te n t  r a t io s  e v e n  
w h e n  th e  a c id  d ig e s t io n  s ta g e  w a s  o m i t te d .  I t  is p o s s ib le ,  th e r e f o r e ,  to  r e c o m 
m e n d  a  p r o c e d u r e  f o r  th e  d e te c t io n  o f  a d d e d  p o ly p h o s p h a te  o r  m ix tu re s  o f  
p o ly p h o s p h a te  a n d  s a l t  in  c h ic k e n  m u sc le  b a s e d  o n  a  s im p le  T C A  e x t r a c t io n  
w i th o u t  d ig e s t io n . T h e  n e w  p r o c e d u r e  is th u s  b o th  q u ic k e r  a n d  s a fe r  th a n  th e  
o r ig in a l  method. A ls o ,  the w e ig h t of muscle taken for a n a ly s is  c a n  b e  ignored, 
p r o v id e d  a  r e p r e s e n ta t iv e  s a m p le  is ta k e n ,  b e c a u s e  th e  r a t io  o f  P2O 5 a n d  s o d iu m  
c a n  b e  o b ta in e d  f ro m  th e i r  c o n c e n t r a t io n s  p e r  u n i t  v o lu m e  o f  e x t ra c t .  T h u s , a 
c o m p le te  a n a ly s is  n e e d  n o w  o n ly  t a k e  1 .5  h r .
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Table 4. Analysis of TCA extracted breast muscle from commercially processed broilers
Undigested Digested
Concentration. % Concentration. %
wet weight wet weight

Supermarket Bird of muscle Ratio of muscle Ratio Confirmation
number number P2O5 Sodium P2O5 P2O5 Sodium P2O5 of added

Na Na salt/phosphate
1 1 0.19 0.027 7.0 0.21 0.029 7.2 -

2 0.29 0.038 7.6 0.30 0.038 7.9 -
3 0.24 0.029 8.3 0.25 0.032 7.8 -
4 0.30 0.047 6.4 0.32 0.053 6.0 —

2 1 0.42 0.289 1.4 0.62 0.287 2.2 +
2 0.49 0.294 1.7 0.57 0.305 1.9 +
3 0.44 0.250 1.8 0.48 0.229 2.1 +
4 0.46 0.257 1.8 0.51 0.250 2.0 +

3 1 0.30 0.045 6.7 0.38 0.052 7.3 —

2 0.29 0.056 5.2 0.33 0.066 5.0 -
3 0.31 0.046 6.7 0.37 0.053 7.0 -
4 0.22 0.031 7.1 0.27 0.038 7.1 -
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A  r e la t io n  b e t w e e n  g lu t e n  p r o t e in  a m id e  c o n t e n t  a n d  
b a k in g  p e r f o r m a n c e  o f  w h e a t  f lo u r s

F . M a c R I T C H I E

Summary
S o lu b ili ty  - p H  c u rv e s  o f  g lu te n  p r o te in  c o m p o n e n ts  f ro m  f lo u rs  o f  v a ry in g  
b a k in g  p e r f o r m a n c e  s h o w e d  sm a ll d is p la c e m e n ts ,  b e l ie v e d  to  b e  a s s o c ia te d  
w ith  d if f e r e n c e s  in  a v e r a g e  is o e le c tr ic  p o in ts .  T h e  a p p a r e n t  is o e le c tr ic  p o in ts  
w e r e  h ig h e r  f o r  g lu te n s  f ro m  f lo u rs  o f  g o o d  b a k in g  p e r f o r m a n c e .  A m id e  c o n 
te n t s  w e r e  a lso  f o u n d  to  b e  h ig h e r  f o r  th e s e  g lu te n s .  A  h ig h ly  s ig n if ic a n t 
c o r r e la t io n  w a s  f o u n d  b e tw e e n  g lu te n  p r o te in  a m id e  c o n te n t  a n d  lo a f  v o lu m e  
in d e x  f o r  th i r ty  s e v e n  f lo u rs  c o v e r in g  a  w id e  r a n g e  o f  b a k in g  q u a li ty .  T h e  
p e r c e n ta g e  o f  (g lu ta m in e  +  a s p a r a g in e )  in  g lu te n  p r o te in  w a s  f o u n d  to  v a ry  
b e tw e e n  3 1 .2  a n d  3 3 .7 %  f o r  th e  f lo u rs  e x a m in e d . L o a f  v o lu m e  in d e x  a n d  
g lu te n  p r o t e in  a m id e  c o n te n t  w e r e  s h o w n  to  b e  r e la te d  to  b o th  c u l t iv a r  a n d  s ite .

Introduction
P re v io u s  w o rk  h a s  s h o w n  th a t  th e  g lu te n  p r o te in  c o m p o n e n t  is in v a r ia b ly  
r e s p o n s ib le  fo r  d i f f e re n c e s  in  b a k in g  p e r f o r m a n c e  b e tw e e n  w h e a t  f lo u rs  ( F in 
n e y , 1 9 4 3 ;  M a c R itc h ie ,  1 9 7 8 ) .  S e v e ra l  h y p o th e s e s  h a v e  b e e n  p r o p o s e d  to  
e x p la in  g lu te n  q u a l i ty  ( e .g . g l ia d in /g lu te n in  r a t io ,  th io l /d is u lp h id e  c o n te n t )  b u t  
n o  c o n f i rm a t io n  o f  th e s e  h a s  c o m e  f ro m  e x p e r im e n ta l  d a ta  (S u lliv a n , 1 9 6 5 ; 
B lo k s m a , 1 9 7 5 ;  G r a v e la n d ,  B o s v e ld  &  M a rs e i l le ,  1 9 7 8 ) .  A m in o  a c id  a n a ly s e s  
o f  g lu te n  p r o t e in  h a v e  sh o w n  s m a ll d i f f e re n c e s  b e tw e e n  f lo u rs  b u t  th e r e  h a s  
b e e n  n o  o b v io u s  r e la t io n  b e tw e e n  th e s e  d i f f e re n c e s  a n d  b a k in g  p e r f o r m a n c e .  
M a n y  f lo u rs  a p p e a r  q u i te  s im ila r  in  c h a r a c te r is t ic s  s u c h  a s  th o s e  m e a s u r e d  in  
r o u t in e  p h y s ic a l d o u g h  te s t in g  b u t  b e h a v e  d i f f e re n tly  in  th e  b a k in g  te s t .  T h e  
b a k in g  t e s t  is  a  v e ry  s e n s i t iv e  m e a s u r e m e n t  f o r  d is t in g u is h in g  b e tw e e n  g lu te n  
p r o t e in  c o m p o n e n ts  f ro m  d i f f e r e n t  f lo u rs  a n d , a t  p r e s e n t ,  n o  p r o v e n  te s t  e x is ts  
w h ic h  in d e p e n d e n t ly  p r e d ic ts  b a k in g  p o te n t ia l  w ith  a n y  d e g r e e  o f  c e r ta in ty .  I t  
m a y  b e  c o n c lu d e d  th a t  c o m p o s i t io n a l  v a r ia t io n s  o c c u r  b e tw e e n  th e  g lu te n  
p r o te in  f ro m  d i f f e r e n t  f lo u rs  b u t  th e s e  v a r ia t io n s  m u s t  b e  q u i te  sm a ll.

Author's address: CSIRO Wheat Research Unit, North Ryde, N.S.W., 2113, Australia.
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O n e  o f  th e  p r o b le m s  in  a t t e m p t in g  to  r e la te  p r o t e in  c o m p o s it io n  to  b a k in g  
p e r f o r m a n c e  is to  b e  a b le  to  m a k e  a n  o b je c t iv e  a s s e s s m e n t o f  th e  l a t t e r .  T h e  
a p p r o a c h  o f  F in n e y  ( 1 9 4 3 ) ,  in  w h ic h  m o s t  o f  th e  im p o r t a n t  v a r ia b le s  a r e  
o p t im iz e d  to  a llo w  a  f lo u r  to  p e r f o r m  to  its  fu ll c a p a c ity , h a s  b e e n  fo l lo w e d  in  
th e  p r e s e n t  w o rk , w i th  c e r ta in  p ro v is o s .  In  g e n e ra l ,  th e  b a k in g  te s t  h a s  b e e n  
d e v is e d  so  th a t  p e r f o r m a n c e  o f  th e  f lo u r  is n o t  l im i te d  b y  f a c to r s  su c h  as 
d ia s ta t ic  a c tiv ity , w a te r  a d d i t io n ,  o x id a n t  le v e l o r  m ix in g  t im e . H o w e v e r ,  i t  w as 
c o n s id e re d  im p o r t a n t  n o t  to  in c lu d e  s h o r te n in g  in  th e  f o rm u la t io n .  E a r l i e r  w o rk  
( M a c R i tc h ie ,  1 9 7 8 )  h a s  s h o w n  th a t  d e f ic ie n c ie s  in  g lu te n  p r o te in  o f te n  o n ly  
a p p e a r  in  b a k in g  a t  l ip id  c o n te n ts  n e a r  th e  n a tu r a l  f lo u r  lip id  c o n te n t  a n d  th a t  
th e s e  d e f ic ie n c ie s  c o u ld , in  m a n y  c a se s , b e  e l im in a te d  e i th e r  b y  r e m o v a l  o f  a ll 
e x t r a c ta b le  lip id  o r  b y  a d d i t io n  o f  e x t r a  l ip id . T h e  a im  in  a  b a k in g  te s t ,  d e s ig n e d  
f o r  r e s e a r c h  p u r p o s e s ,  is to  o b ta in  t r u e ,  r e la t iv e  r a n k in g s  o f  f lo u rs  b y  a llo w in g  
th e  n a tu r a l  f lo u r  c o n s t i tu e n ts  to  p e r f o r m  to  th e i r  c a p a c ity  b u t  n o t  to  m a s k  a n y  o f  
th e i r  d e f ic ie n c ie s .

T h e  tw o  m a in  w ay s  in  w h ic h  a  p r o te in  m a y  c h a n g e  its  p r o p e r t ie s  a r e  b y  
c h a n g e s  in  m o le c u la r  w e ig h t  d is t r ib u t io n  a n d  b y  c h a n g e s  in  c h e m ic a l c o m p o s i
t io n . A  th i r d  w a y  is b y  c o n fo rm a t io n a l  c h a n g e s  a r is in g  f ro m  e n v i r o n m e n ta l  
f a c to r s .  A  p r e l im in a r y  s tu d y  o f  th e  f ir s t  p o s s ib i l i ty  w a s  m a d e  b y  in it ia lly  s e p a r a t 
in g  g lu te n  p r o te in  in to  f ra c t io n s  o f  r e la t iv e ly  lo w  a n d  h ig h  m o le c u la r  w e ig h t, 
u t i l iz in g  th e  d i f f e re n c e  in  s o lu b ili ty  o f  th e  tw o  f r a c t io n s  in  d i lu te  a c id . T h e s e  
f r a c t io n s  w e re  th e n  c o m b in e d  in  d i f f e r e n t  r a t io s ,  r e c o n s t i tu te d  in  f lo u rs  a t  
c o n s ta n t  p r o te in  c o n te n t  a n d  b a k in g  te s ts  c a r r ie d  o u t .  A l th o u g h  m ix in g  c h a r a c 
te r is t ic s  v a r ie d ,  lo a f  v o lu m e s  r e m a in e d  r e a s o n a b ly  c o n s ta n t  o v e r  a  w id e  r a n g e  o f  
lo w  to  h ig h  m o le c u la r  w e ig h t p r o te in ,  o n ly  d e c r e a s in g  a t  e x t r e m e  v a lu e s  o f  th e  
r a t io .  T h is  s u g g e s te d  t h a t  m o le c u la r  w e ig h t  d is t r ib u t io n  is p r o b a b ly  n o t  th e  m o s t 
im p o r t a n t  f a c to r  c a u s in g  d i f f e re n c e s  in  b a k in g  p e r f o r m a n c e .

H o w e v e r ,  th is  w o rk  r e v e a le d  th a t  th e  a m o u n t  o f  p r o te in  o b ta in e d  in  a  s in g le  
e x t r a c t io n  w ith  d i lu te  a c e t ic  a c id  ( 0 .0 0 2  m ) v a r ie d  a p p re c ia b ly  f ro m  o n e  g lu te n  
s a m p le  to  a n o th e r  a n d  th a t  th e s e  a m o u n ts  a p p e a r e d  to  b e  c o r r e la te d  w ith  th e  
b a k in g  p e r f o r m a n c e  o f  th e  p a r e n t  f lo u rs .  P re l im in a ry  m e a s u r e m e n ts  s u g g e s te d  
th a t  th e  v a r ia t io n s  m ig h t a r is e  f ro m  s m a ll d i f f e re n c e s  in  th e  a v e r a g e  is o e le c tr ic  
p o in ts ,  th e  g lu te n  p r o te in  f ro m  g o o d  b a k in g  f lo u rs  h a v in g  s lig h tly  h ig h e r  v a lu e s . 
O n e  w a y  in  w h ic h  th is  c o u ld  o c c u r  is if  th e  d e g r e e  o f  a m id a t io n  o f  th e  g lu ta m ic  
a n d  a s p a r t ic  a c id  r e s id u e s  s h o u ld  v a ry . A  h ig h e r  d e g r e e  o f  a m id a t io n  w o u ld  le a d  
to  a  h ig h e r  is o e le c tr ic  p o in t  s in c e  th e r e  w o u ld  b e  a  r e d u c t io n  in  th e  n u m b e r  o f  
c a rb o x y l  g r o u p s  w h ic h  c o n t r ib u te  n e g a t iv e  c h a rg e s .  T h is  h y p o th e s is  w as  t h e r e 
f o r e  t e s t e d  b y  m e a s u r in g  a m id e  c o n te n ts  o f  a  n u m b e r  o f  f lo u rs  c o v e r in g  a r a n g e  
o f  b a k in g  q u a li ty .

Materials and m ethods
F lo u r s  w e r e  o b ta in e d  f ro m  th e  B r e a d  R e s e a r c h  I n s t i tu t e  o f  A u s t r a l i a ’s p r o g 
r a m m e  o f  q u a l i ty  te s t in g  o f  A u s t r a l ia n  w h e a ts  f ro m  th e  1 9 7 7 - 7 8  s e a s o n . T h e  
w h e a ts  w e re  k n o w n  c u l t iv a rs  a n d  w e re  m ille d  o n  a  L a b o r a to r y  B u h le r  m ill. A



s e le c t io n  o f  f lo u rs  w a s  m a d e  to  c o v e r  a s  w id e  a  r a n g e  o f  b a k in g  q u a li ty  as 
p o s s ib le .

T h e  b a k in g  te s t  w a s  th a t  d e s c r ib e d  p re v io u s ly  ( M a c R i tc h ie  &  G r a s ,  1 9 7 3 ;  
M a c R itc h ie ,  1 9 7 6 ;  M a c R itc h ie ,  1 9 7 8 ) . I n  g e n e ra l ,  r e la t iv e  r a n k in g s  o f  f lo u rs  
o b ta in e d  in  th is  t e s t  a g r e e d  c lo se ly  w ith  th o s e  f ro m  th e  B r e a d  R e s e a r c h  I n s t i tu t e  
o f  A u s t r a l i a  3 h r  b u lk  f e r m e n ta t io n  b a k in g  te s t ,  a l th o u g h  sp e c if ic  v o lu m e s  w e re  
c o n s is te n t ly  a b o u t  1 0 %  lo w e r , a  r e s u l t  o f  th e  r e la t iv e ly  s m a lle r  s a m p le  (3 5  g 
c o m p a r e d  to  1 2 0  g  o f  f lo u r ) .  T h e  o n ly  e x c e p t io n s  w e re  th r e e  f lo u rs  w h ic h  h a d  
u n u s u a lly  lo n g  m ix in g  t im e s  a n d  th e s e  p e r f o r m e d  c o n s id e ra b ly  b e t t e r  in  th e  
n o - t im e  b a k in g  te s t ,  in  w h ic h  m ix in g  t im e  is  o p t im iz e d . L o a f  v o lu m e s  o f  f lo u rs  
w e re  c o n v e r te d  to  lo a f  v o lu m e  in d e x  (L V I)  b y  th e  fo rm u la :

B a k i n g  p e r f o r m a n c e  o f  w h e a t  f l o u r s  5 97

L V I lo a f  v o lu m e
%  p r o te in  in  f lo u r  x  f lo u r  w e ig h t x  2 0 0

T h is  e n a b le d  c o m p a r is o n s  to  b e  m a d e  b e tw e e n  f lo u rs  o f  d i f f e r e n t  p r o te in  
c o n te n t  a n d  a ls o  b e tw e e n  d i f f e r e n t ly  s c a le d  b a k in g  te s ts . T h e  f a c to r  o f  2 0 0  w as 
a r b i t r a r i ly  c h o s e n  in  o r d e r  to  g iv e  v a lu e s  n e a r  1 0 0  fo r  f lo u rs  o f  g o o d  b a k in g  
p e r f o r m a n c e .  T h e  s ta n d a r d  d e v ia t io n  p e r  m e a n  L V I  w as  2 .5  in  th e  p r e s e n t  
w o rk .

G lu te n s  w e r e  h a n d - k n e a d e d  f ro m  d o u g h s  a t  a  t e m p e r a tu r e  o f  15 °C , f re e z e  
d r ie d  a n d  p r o t e in  d e t e r m in e d  b y  th e  K je ld a h l  m e th o d  u s in g  a  f a c to r  o f  5 .7 . 
S o lu b i l i ty  m e a s u r e m e n ts  w e re  m a d e  b y  s t i r r in g  a  s a m p le  o f  g lu te n ,  c o n ta in in g
2 .0  g  o f  p r o te in ,  w ith  6 0  m l o f  s o lu t io n  in  a  J a n k e  a n d  K u n k e l  U l t r a tu r r a x  m ix e r  
f o r  2  m in  fo l lo w e d  b y  c e n t r i fu g a t io n .  T h e  c o n c e n t r a t io n  o f  p r o te in  in  th e  
s u p e r n a ta n t  w a s  c a lc u la te d  f ro m  th e  a b s o r b a n c e  o f  a  d i lu te d  s a m p le  a t  2 7 8  n m , 
u s in g  p re v io u s ly  o b ta in e d  c a l ib r a t io n s  f o r  e a c h  b u f f e r  s y s te m . A  c h e c k  o n  th e  
e f fe c t  o f  s t i r r in g  t im e  o n  s u p e r n a ta n t  c o n c e n t r a t io n  s h o w e d  th a t  a  p l a te a u  v a lu e  
w as  o b ta in e d  a f te r  1 m in . V e r y  s lig h t in c re a s e s  w e re  o b s e rv e d  a t  lo n g e r  t im e s  
a p p a r e n t ly  d u e  to  s m a ll in c re a s e s  in  th e  t e m p e r a tu r e  o f  th e  s o lu t io n  d u r in g  
a g i ta t io n .

T h e  b u f f e r  s y s te m s  u s e d  w e re  a c e t ic  a c id - s o d iu m  h y d r o x id e  ( p H  3 - 6 ) ,  p o ta s 
s iu m  d ih y d r o g e n  p h o s p h a te - s o d iu m  h y d r o x id e  ( p H  6 - 8 )  a n d  s o d iu m  
b i c a r b o n a te - s o d iu m  h y d r o x id e  ( p H  >  8 ) , a ll a t  a n  io n ic  s t r e n g th  o f  0 .0 5 . 
C h e c k s  w ith  o th e r  b u f f e r  sy s te m s  (c itr ic  a c id  f o r  lo w  p H , s o d iu m  a c e ta t e  fo r  
in te r m e d ia t e  a n d  b o r a x  f o r  h ig h  p H )  s h o w e d  th a t  r e la t iv e  s o lu b il i t ie s  o f  g lu te n s  
w e r e  m a in ta in e d  in  th e s e  s o lu t io n s  w h e n  c o m p a r e d  a t  a  f ix e d  f in a l p H  v a lu e  o f  
th e  s u p e r n a ta n t .  T h is  s h o w e d  th a t  th e  s o lu b il i t ie s  w e re  a  f u n c t io n  o f  p H  a n d  th a t  
sp e c if ic  io n  e f fe c ts , if  p r e s e n t ,  w e re  o f  m in o r  im p o r ta n c e .

A m id e  d e te r m in a t io n s  w e re  m a d e  b y  th e  m e th o d  o f  E a s to e ,  L o n g  &  W illa n
( 1 9 6 1 ) ,  b a s e d  o n  h y d ro ly s is  in  b o il in g  2 n  h y d ro c h lo r ic  acici. C o n s ta n t  v a lu e s  fo r  
a m id e  c o n te n ts  o f  g lu te n s  w e re  o b ta in e d  a f te r  4 5  m in  r e f lu x  a n d  n o  c h a n g e s  
c o u ld  b e  d e te c te d  a t  lo n g e r  t im e s , u p  to  7 h r . A  r e f lu x  t im e  o f  1 h r  w as  th e r e f o r e  
a d o p t e d  a n d  n o  c o r r e c t io n  f o r  d e c o m p o s i t io n  o f  s e r in e  a n d  th r e o n in e  g ro u p s
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pH
Figure 1. Solubility v. pH for gluten protein components from different flours. • ,  
Flour 1; flour 3; O, flour 5. The curve for flour 2 was the same as for flour 1, that 
for flour 6 was almost identical to flour 5 and that for flour 4 fell between those of 
flours 3 and 5.

a p p e a r e d  n e c e s s a ry  ( R e e s ,  1 9 4 6 ) .  T h e  p e r c e n ta g e  o f  ( g lu ta m in e  +  a s p a r a g in e )  
in  th e  g lu te n  p r o te in  w as  c a lc u la te d  f ro m  th e  f o rm u la :

%  ( g lu ta m in e  +  a s p a r a g in e )  = m o le s  a m m o n ia  x  1 2 8  x  1 0 0  
w t o f  p r o te in  in  s a m p le

T h e  v a lu e  o f  1 2 8  r e p r e s e n ts  a  w e ig h te d  a v e ra g e  r e s id u e  w e ig h t b a s e d  o n  a n  
a c id ic  a m in o  a c id  s id e  c h a in  c o m p o s i t io n  o f  9 3  %  g lu ta m ic  a n d  7 %  a s p a r t ic  a c id  
(W u  &  D im le r ,  1 9 6 3 ; P o m e r a n z  et a l., 1 9 7 0 )  a n d  a s s u m e s  th a t  th e  p r o p o r t io n  
o f  a m id a te d  g r o u p s  is th e  s a m e  in th e  tw o  ty p e s  o f  s id e  c h a in . T h e  s ta n d a r d  
d e v ia t io n  p e r  m e a n  (g lu ta m in e  +  a s p a r a g in e )  d e t e r m in a t io n  w as  0 .3 % .

R esults
Six f lo u rs  w e re  c h o s e n  fo r  a n  in it ia l  s tu d y . T w o  o f  th e s e  h a d  v e ry  g o o d  a n d  f o u r  
h a d  e x t r e m e ly  p o o r  b a k in g  p e r f o r m a n c e .  T h e  s o lu b i l i ty - p H  r e la t io n s  w e re  
m e a s u r e d  f o r  th e  g lu te n  p r o te in  c o m p o n e n t  f ro m  e a c h  f lo u r  a n d  th e  r e s u lt s  a r e  
sh o w n  in  F ig . 1. R e s u lts  f o r  lo a f  v o lu m e  in d e x  a n d  ( g lu ta m in e  +  a s p a r a g in e )  
c o n te n t  o f  th e  g lu te n  p r o te in  a r e  g iv e n  in T a b le  1.

A  s e c o n d  s tu d y  w as  c a r r ie d  o u t  o n  f lo u r  s a m p le s  o b ta in e d  f ro m  a  t r ia l  in  
w h ic h  f o u r  A u s t r a l ia n  w h e a t  c u l t iv a rs  w e re  g ro w n  a t  f o u r  s ite s  in  th e  s ta te  o f
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Table 1. Loaf volume index and gluten protein amide content of six flours.
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Glutamine and asparagine
Flour Loaf volume index in gluten protein (%)
1 97.7 32.92 109.7 33.2
3 77.3 31.74 81.4 31.9
5 46.8 31.2
6 49.2 31.7

N e w  S o u th  W a le s . D a t a  f o r  lo a f  v o lu m e  in d e x , s o lu b ili ty  in  0 .0 0 2  m a c e tic  a c id  
a n d  ( g lu ta m in e  +  a s p a r a g in e )  c o n te n t  o f  g lu te n  p r o te in  a r e  s u m m a r iz e d  in  
T a b le s  2 a n d  3 . A v e r a g e  v a lu e s  fo r  c u l t iv a rs  a r e  g iv e n  in  T a b le  2 a n d  f o r  s ite s  in  
T a b le  3 .

F ig u r e  2 sh o w s  p lo ts  o f  lo a f  v o lu m e  in d e x  v e r s u s  ( g lu ta m in e  +  a s p a r a g in e )  
c o n te n ts  o f  g lu te n  p r o te in  f o r  a ll f lo u rs  w h ic h  h a v e  b e e n  e x a m in e d  to  d a te ,  
in c lu d in g  th o s e  f ro m  T a b le s  1, 2 a n d  3.

D iscussion
P r o te in  s o lu b il i ty  is u s u a lly  a m in im u m  a t  th e  is o e le c tr ic  p o in t  a n d  in c re a s e s  as 
th e  n e t  c h a r g e  o n  th e  m o le c u le  is r a is e d  b y  m o v in g  th e  p H  to  h ig h e r  o r  lo w e r  
v a lu e s .  T h e  s o lu b i l i ty - p H  c u rv e s  o f  F ig . 1 s h o w  r e la t iv e  d is p la c e m e n ts  w h ic h  
in d ic a te  d i f f e re n c e s  in  th e  a v e ra g e  is o e le c tr ic  p o in ts  o f  th e  g lu te n  p r o te in  
s a m p le s  f ro m  th e  d i f f e r e n t  f lo u rs . I f  th is  is c a u s e d  b y  d i f f e re n c e s  in  th e  re la t iv e  
p r o p o r t io n s  o f  a m id e  to  f r e e  c a rb o x y l g ro u p s  in  th e  a c id ic  s id e  c h a in s , w e  w o u ld  
e x p e c t  th e  p r o t e in  s a m p le s  w ith  th e  h ig h e r  s o lu b ili t ie s  a t  a c id  p H  to  h a v e  th e  
g r e a te r  a m id e  c o n te n ts .  T h is  is c o n f i rm e d  b y  th e  r e s u lt s  o f  T a b le  1. T h e  
lo w e r in g  o f  th e  is o io n ic  p o in t  o f  a  p r o te in  a s  th e  s id e -c h a in  a m id e  g r o u p s  a r e  
c o n v e r te d  to  f r e e  c a rb o x y l  g r o u p s  h a s  b e e n  o b s e rv e d  fo r  g e la t in  ( E a s to e  et a l., 
1 9 6 1 ) . R e m o v a l  o f  a ll th e  a m id e  g r o u p s  b y  a lk a li  t r e a tm e n t  c a u s e d  th e  is o io n ic  
p o in t  o f  g e la t in  to  fa ll  f ro m  a b o v e  9 to  4 .8 .

Table 2. Data for four cultivar-four site trial, expressed as averages for cultivars.

Cultivar Loaf volume index
Solubility in 
0.002 m  acetic 
acid (g/100 ml)

Glutamine and asparagine 
in gluten protein (%)

Songlen 108.4 0.62 32.8
Kite 92.6 0.34 32.4
DKH3 85.8 0.27 32.3
DKH4 95.8 0.36 32.7
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Table 3. Data for four cultivar-four site trial, expressed as averages for sites

Site
Protein
(%)

Loaf volume 
index

Solubility in 
0.002 m  acetic 
acid (g/100 ml)

Glutamine and asparagine 
in gluten protein ( % )

Baradine 14.2 85.4 0.18 32.5
Warren 12.4 92.4 0.16 32.1
Tam worth 12.9 97.9 0.21 32.2
North Star 13.7 106.9 1.04 33.4

A clear correlation between gluten protein primary amide content and loaf 
volume index is evident from Fig. 2. It is not certain whether it is the total 
side-chain amide content of the gluten protein or the degree of amidation which 
is the more critical factor. To ascertain the relative importance of the two will 
require measurements of the total acidic side chain content. Wheat flour is 
characterized by having both a high content of (glutamine + asparagine) and a 
high ratio of amidated to non amidated acidic side-chains. Since there is a good 
correlation between loaf volume index and solubility of gluten protein as well as 
side-chain amide (Fig. 1 and Tables 2 and 3), this indicates that the degree of 
amidation is important. The solubility in dilute acid is a measure of the degree of

Percentage (glutamine + asparagine) in gluten protein
Figure 2. Loaf volume index, LVI, v. percentage (glutamine x asparagine), A, in 
gluten protein for flours covering a range of baking performance. The least squares 
regression equation and linear correlation coefficient were: LVI = 20.85A-587.3,r 
= 0.756. Correlation was significant at the 1% level.
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amidation, a higher solubility indicating a higher isoelectric point and therefore 
a smaller number of free carboxyl groups providing negative charges.

Because the standard deviation for the amide determinations is large (0.3%) 
relative to the range of amide content encountered (2.5 %), a certain amount of 
scatter of points is expected. Two additional factors could be expected to 
influence the scatter. Firstly, variable contamination of the glutens by albumins 
and globulins, which have much lower amide contents, could affect the deter
minations although this effect is thought to be minor. Secondly, variations in the 
relative amounts of different protein fractions of the gluten will be important 
because of their varying amide contents. For example, preliminary analyses in 
the present work gave (glutamine + asparagine) figures of 36.5% for gliadin 
and 30.9% for glutenin fractions.

The results of Table 3 have interesting implications. They show that the 
baking performance of all varieties is superior at one site (North Star) and that 
gluten protein solubility in dilute acid as well as amide content are both higher 
for flours at this site, even though total protein contents are not very different 
for the four sites. This is a result which warrants closer study.
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T h e  p r o d u c t io n  o f  s o lu b le  f i s h  p r o t e in  s o lu t io n  f o r  
u s e  in  f is h  s a u c e  m a n u f a c t u r e
I. The use of added enzymes

C. G. BEDDOW S a n d  A. G. A RDESHIR

Summary
The production of a fish hydrolysate, using plant proteases, which could be 
added to traditionally fermented fish sauce to increase the total volume without 
affecting the overall nutritional quality was investigated.

The effect of adding bromelain, papain or ficin, on the rate of hydrolysis and 
the extent of the conversion of insoluble fish protein, to soluble nitrogen was 
examined. The conditions employed were similar to those used in traditional 
fish sauce manufacture but both whole and minced Ikanbilis (Stolephorus sp.) 
were investigated. Measurement of the extent of hydrolysis after 1, 2, 4, 7, 14, 
27, 28 and 35 days at 33°C showed that bromelain tended to give slightly better 
results with some 65% of the protein being hydrolysed. The effect of tem pera
ture enzyme, co-enzyme and salt concentrations for the hydrolysis by 
bromelain were investigated and the optimum conditions established at the pH 
normally found in fish sauce production. The hydrolysate produced in 18-21 
days was comparable to traditional fish sauce in the distribution and concentra
tions of nitrogenous compounds and had very little aroma. The product could 
be added to the traditional sauce without affecting its quality.

Introduction
Fish sauces are manufactured, predominantly in S.E. Asia, by the mixing of 
certain species of fish (e.g .Stolephorus sp.) with salt in the ratio 3:2 (Van Veen, 
1965). A supernatant liquor is soon produced, which, over a period of months, 
increases in volume and in its soluble protein content. This soluble nitrogen is 
mainly derived by the breakdown of the fish protein by the enzymes of the fish. 
(Saisithi et al., 1966; Van Veen, 1965; Beddows, Ardeshir & Daud, 1979). The 
supernatant liquor is decanted and is often blended with other materials. For 
example, the fish sauce of Thailand (nam-pla) is mixed with ‘meiki’ which is a 
concentrate obtained from the bacterial production of mono-sodium glutamate

Authors’ address: School of Health and Applied Sciences, Leeds Polytechnic, Calverley Street, 
Leeds LSI 3HE.

0022-1163/79/1200-0603 $02.00 © 1979 Blackwell Scientific Publications



604 C . G  B e d d o w s  a n d  A .  G .  A r d e s h i r

from starch; this increases the volume of the sauce whilst keeping the protein 
concentration within the legal requirements. (Sukhumavasi, 1977, personal 
communication). In Malaysia the liquor is blended with tamarinde which 
imparts some colour and additional flavour; the fish sauce is known as ‘budu’ 
(Wan Johari bin Daud, 1977, personal communication).

To the consumer aroma is a prime indicator of the quality of a fish sauce. Part 
of the aroma, trimethylamine and ammonia, appears readily, early in the 
fermentation whilst other constituents, volatile fatty acids, appear mainly to be 
formed prior to salting (Beddows et al., 1979). However, the derivation of the 
‘meaty’ aroma of nam-pla is not known and is a complex mixture (Dougan & 
Howard, 1975). The flavour is salty and depends to a certain degree on the 
aroma compounds. The full process of manufacture can take over a year, 
(Saisithi et al., 1966).

It would be advantageous if (a) the fermentation period could be shortened 
so that a reduction in capital cost would result, (b) if the amount of insoluble 
protein converted to the soluble form, could be increased and (c) if other ‘waste’ 
fish species could be utilized to replace the fish now used in its production, to 
‘extend’ the product in the same way as ‘Meiki’ is used at present.

A variety of methods to increase the rate have been investigated, such as 
increase of tem perature (Amano, 1962), the addition of proteolytic enzymes 
such as papain (Santos, 1968), ‘pronase’ (Sulit & Tiongson, 1967) and an 
enzyme from Bacillus subtilis (Amano, 1962). The processes using these 
enzymes and the quality of the products have not been fully reported. Fresh 
pineapple juice, presumably with bromelain activity, has been reported to be 
added to eviscerated fish in Cochin-China (Chevey, 1930-1). The addition of 
papain has been investigated fully by others for the actual production of fish 
sauce having the characteristic aroma. It is reported that the method produced a 
satisfactory sauce after 4 months and was economically viable. However, it has 
not been accepted by the manufacturers as yet (Sukhumavasi, 1977, personal 
communication).

The use of trash fish to produce an acceptable fish sauce by traditional 
methods has also been investigated but did not meet with any success 
(Sukhumavasi, 1977, personal communication).

All these are modifications of the traditional process. The addition of 
bromelain to mackerel to produce a fish sauce was investigated by Beddows, 
Ismail & Steinkraus (1976) and met with limited success because some of the 
aroma constituents did not appear without a period of bacterial spoilage before 
the addition of salt.

It is more feasible to use proteolytic enzymes to provide a fish hydrolysate 
with a high nitrogen content, which can be added to the traditionally prepared 
sauce to extend it in the same manner as ‘ meiki’ is used in Thailand at present. It 
would be preferred that such a proteolysate had very little aroma that could 
interfere with the particular aroma of fish sauce. Such a method would have an 
advantage in that other fish species or ‘trash’ fish might well be utilized. 
However, for the present investigation only stolephorus sp. (Ikanbilis), a major
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species of fish utilized in the traditional method, was used. Also this would have 
the advantage of reducing the production period of a certain amount of fish 
sauce, and reduce capital costs.

It was decided to investigate the effectiveness of the enzymes on fish : salt 
mixtures that are being prepared regularly, so as to keep to the traditional 
method as far as possible. This would reduce the possibility of detrimental 
microbial spoilage. The investigation was also limited to the plant enzymes, 
bromelain, ficin and papain, which could prove to be economically viable in the 
present regions of fish sauce production. However, bacterial enzymes are 
becoming more readily available and may be worth investigating at a later date.

If the proteolysate is to be added to traditional sauces (with aroma thresholds 
above the minimum), the criteria for evaluating the production of proteolysates 
would be based upon (a) the volume yield and (b) the effective conversion of 
insoluble to soluble protein. The economic aspects of such a process are also of 
fundamental consideration, but it would be impossible to carry out such an 
evaluation without a more detailed investigation of local conditions.

Materials and m ethods
Materials
Bromelain (BDH Ltd., Poole, Dorset, U.K.) (originally isolated from pineap
ple stem) was used. Its activity was 1200 GDU  per gram (1 unit is equivalent to 
the liberation of 1 mg of amino nitrogen liberated from a gelatine solution after 
20 min at 45°C and pH 4.5).
Papain (Sigma Chemicals Co., St. Louis, Missouri) having an activity of 1.3 
units/mg solid (1 unit will hydrolyse 1 mmol of a N-benzoyl-L-arginine ethyl 
ester (BAEE) per min at pH 6.2 and 25°C) was used.
Ficin (Sigma Chemical Co.) was used and had an activity of 0.32 units/mg of 
solid (1 unit will produce a change of 1.0 UV units/minute at 280 nm, at pH 7.0 
and 37°C when measuring TCA soluble products from casein in a final volume 
of 10 cm3).
Stolephorus (Ikanbilis) was obtained in a plate-frozen condition from Kuala 
Trengannu, Malaysia.
a-N-benzoyl-L-arginyl-p-nitroanilide ester (BAEE) and other chemicals were 
purchased from BDH Ltd.
Enzyme assays All the enzymes were assayed by the method of Erlanger, 
Kokowsky & Cohen (1961) using B APNA in order to obtain some indication of 
their relative proteolytic activities.

Enzymic hydrolysis
A series of flasks were prepared each of which contained 100 g of whole or 

minced Ikanbilis and salt (66 g) and enzyme (ficin, papain or bromelain) at the 
appropriate relative concentration, and incubated at 33°C. The bromelain 
samples also contained 1 cm3 of 0.6 m cysteine.
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Flasks were removed after 1, 2, 4, 7, 14, 18. 21, 24 and 28 days. Each batch 
was examined for the volume of supernatant liquor by filtering initially through 
a Buchner filter funnel and then through Whatman No. 1 filter paper. The 
supernatant liquor was examined further for, (i) pH using a Pye Unicam model 
No 292 pH meter, (ii) the extent of hydrolysis by the formol titration (Beddows, 
Ismail & Steinkraus, 1976), (iii) the nitrogen content by the modified Kjeldahl 
method (Beddows et al., 1976), (iv) volatile nitrogen, (ammonia and 
trimethylamine) (Beddows et al., 1979), (v) soluble protein by adding TCA to 
give 5 %, filtering and analysing the filtrate for nitrogen content by the Kjeldahl 
method, (vi) the amino-acid nitrogen by the ninhydrin method (Moore & Stein,
1954).

Further investigation o f  the factors influencing the rate o f  reaction with bromelain
(a) Effect o f  enzyme concentration. A  number of flasks each containing minced 
Ikanbilis (100 g) and salt (66 g) were set up as before. Different concentrations 
of bromelain up to 1.65 g were added, with 1 ml of 0.6 m  cysteine in each case. 
The flasks were incubated at 33°C. Flasks, at each enzyme concentration, were 
removed at intervals and filtered as before; the volume of supernatant liquor 
was measured and its nitrogen content determined by the Kjeldahl method. The 
amount of hydrolysis was determined by the formol titration as before.
(b) Effect o f  co-enzyme. A number of flasks were set up as in (a) each containing 
0.8% bromelain, but the concentration of cysteine was adjusted to values 
between 0 and 0.048 m . The supernatant liquors were analysed as in (a )  after 3 
weeks incubation at 33°C.
(c) Effect o f  salt. Eight flasks were set up each with 100 g minced Ikanbilis, 0.8 g 
bromelain and 1 cm3 of 0.6 m cysteine. A range of salt concentrations between 
10 g and 70 g were added to various flasks and incubated at 33°C. The 
supernatant liquors were analysed as in (a) after 3 weeks.
(d) Effect o f  temperature. A number of flasks were set up, each containing 100 g 
minced Ikanbilis, 66 g of salt, 0.8% bromelain and 1 ml of 0.6 m cysteine. Some 
of the flasks were incubated at 30°C and some at 50°C. Batches were removed 
after 3 and 8 weeks and analysed as in (a).
(e) Time before addition o f  salt. Flasks, each containing 100 g of minced 
Ikanbilis, 0.8 % bromelain and 1 ml 0.6 m cysteine, were incubated for 0 or 24 or 
48 hours before the addition of salt (66 g). Flasks were removed after 3 weeks 
and analysed as in (a) above.

R esults and d iscu ssion
In order that some comparison could be made between the three enzymes, it 
was necessary to obtain some idea of their relative activities with a particular 
substrate, so that the addition of the same amount of proteolytic activity to the 
fish could be made. The activities with a particular substrate do not however 
mean that they would be in the same order of activity with another substrate.
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Figure 1. Rate of increase in the volume of supernatant liquor formed (in cm3/g of 
fish) when added enzymes were incubated with a mixture of S to l e p h o r u s  and salt (ratio 3:2) at 33°C.

10 20  30Time (days) 40

Figure 2. The percentage protein conversion with time, when proteolytic enzymes 
were incubated with a mixture of S to le p h o r u s  and salt (3:2) at 33°C.
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I2r Bromelain (0-8%) 
Papain (2-75%) Ficin (2-5%)

0 10 _L_20 _1_______ | 30 40Time (days)
Figure 3. Formol titration of the supernatant liquors produced at intervals of time 
when proteolytic enzymes were added to mixtures of S to le p h o r u s  and salt (3:2) and 
incubated at 33°C.

Since the enzymes purchased have very different activities some correlation was 
considered to be desirable.

The substrate B APNA was used and it was found that 1 mg of bromelain had 
the same activity as 3.1 mg of ficin and 2.9 mg of papain. These values were 
taken into account when the enzymes were added to the fish.

One of the criteria by which the effectiveness of the enzymes can be meas
ured, that is the ability to convert insoluble protein into the soluble form, can be 
defined as:

volume of supernatant liquor x N content 
of liquor (g/cm3) x 100

percentage protein conversion = -----------------------------------------------------------wt of fish used x N content of the fish
(%  g/g)

The nitrogen value for the fish was found to be 0.0248 g/g (wet weight).
The rate of increase in the volume of the supernatant liquor is compared for 

the three enzymes in Fig. 1. Only slight differences were apparent.
The results after 18-21 days showed that 0.75 cm3/g supernatant resulted 

from the bromelain treatment, 0.69 cm3/g from ficin and 0.65 cm3/g from 
papain. The natural fermentation o f‘budu’ gives 0.75 cm3/g offish. (Beddows et 
al., 1979). A comparable yield of liquid is only obtained from the bromelain 
treated sample after 21 days.

The extent of conversion of insoluble to soluble protein with time for the 
three enzymes are given in Fig. 2. Minced Stolephorus was used as the substrate. 
Although the initial rates were similar, bromelain gave a greater percentage 
conversion. The hydrolysis appears to have been completed within 18-21 days. 
This is reflected in the formol titration of the liquors (Fig. 3).
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Table 1 . Distribution of the nitrogenous compounds formed (in g/100 cm3) in the supernatant 
liquors obtained after 21 days from the incubation of proteolytic enzymes with mixtures of 
minced S to l e p h o r u s  and salt (3:2) at 33°C
Supernatant Volatile-Nliquor Total-N Protein-N A mino-N NH3 TMA Polypeptide-N
Bromelain 2.21 0.09 1.51 0.12 0.036 0.45Papain 2.11 0.12 1.33 0.11 0.034 0.52Ficin 1.88 0.08 1.29 0.11 0.035 0.37Buduf 1.77 0.01 1.17 0.09 0.028 0.48

*found by difference and could include nucleic acid bases and other breakdown products, 
tfrom Beddows e t  a l . , 1979.

The natural fermentation of ‘budu’ gave a conversion of about 56% (Bed
dows et al., 1979); bromelain gave a 65% conversion. The conversion rates for 
papain and ficin were lower. However, it must be remembered that the hyd
rolysis is taking place under saturated salt conditions which could be detrim en
tal to the proteolytic activity of all three enzymes.

Although a slightly better conversion was generally obtained in experiments 
with bromelain, an increase in the concentration of the other enzymes could 
improve the net conversion of insoluble to soluble protein for these enzymes.

As would be expected, the conversion within 21 days of insoluble to soluble 
protein was lower for whole fish than for the minced fish. Overall the maximum 
conversion obtained for bromelain was 57% , papain 45%  and ficin 47% .

The nitrogenous compounds formed in the supernatant liquors could have an 
effect on consumer acceptability. However, the supernatant liquors produced 
by each enzyme were tasted and no particularly strong or unpleasant flavour 
was found with any of them.

The distribution of the nitrogenous compounds in the supernatant liquors 
was analysed after 21 days. (Table 1). It is interesting to note that the volatiles, 
ammonia and trimethylamine (TMA), are all at about the same level for each of 
the enzymes.

Table 2. The percentage distribution of the nitrogenous compounds formed in the supernatant 
obtained after 21 days from the incubation of proteolytic enzymes with mixtures of minced 
S to l e p h o r u s  and salt (3:2) at 33°C
Supernatant
liquor

Amino-N
%

Volatile-N
%

Protein-N
%

Polypeptide-N
%

Bromelain 68.3 7.1 4.1 20.5
Papain 63.1 6.6 5.7 24.6
Ficin 68.6 7.6 4.2 19.6
Budu* 66.3 6.6 0.56 26.5

from Beddows e t  a l . , 1979.
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Table 3. The rate of formation of the nitrogenous compounds in the supernatant liquors (in 
g/100g cm3) obtained from the incubation of 0.8% bromelain with mixtures of minced 
S to l e p h o r u s  and salt (3:2) at 33°C

Volatile-N
Days Total-N Amino-N Protein-N NPÍ3 TMA Polypeptide-N

1 0.87 0.53 0.0 0.01 0.0 0.33
2 0.97 0.70 0.004 0.02 0.002 0.21
4 1.30 1.05 0.01 0.04 0.011 0.30
7 1.78 1.24 0.044 0.07 0.021 0.40

14 2.22 1.43 0.080 0.09 0.031 0.59
18 2.05 1.44 0.081 0.11 0.035 0.47
21 2.21 1.51 0.092 0.12 0.036 0.45
24 2.25 1.51 0.090 0.12 0.037 0.46
35 2.26 1.-53 0.81 0.12 0.038 0.50

*found by difference and could include nucleic acid bases and other breakdown products.

The percentage distribution of the nitrogenous compounds in these liquors 
(Table 2) are compared to the supernatant liquid obtained from the manufac
ture o f ‘budu’. (Beddows et al., 1979). The amounts of free amino acids seem to 
be comparable. The most marked difference appears to be in the amount of 
protein. Presumably in the natural sauce this has been broken down more fully 
to polypeptides. However the actual concentrations of protein are low and are 
of no real significance.

The rate of formation of the nitrogenous compounds was followed with each 
of the enzymes. Only the results for bromelain are given (Table 3) as being 
representative. As would be expected the initial addition of salt caused the 
appearance of amino acids by osmotic action. The protein and polypeptides 
became more appreciable in concentration within 4 days. This was followed by 
the hydrolysis of the fish by the protease giving amino acids and some polypep
tides. The rate of appearance of amino-N is much faster than that in ‘budu’

Figure 4. Percentage protein conversion with different concentrations of bromelain 
incubated with mixtures of minced S to le p h o r u s  and salt (3:2) at 33°C with time.
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Table 4. The effect of the salt concentration on the hydrolysis of a mixture of salt and minced 
S to l e p h o r u s  (2:3) incubated with bromelain (0.8% w/w) at 33°C for 3 or 7 weeks

Volume of supernatant Formol titration
Salt added liquor cm3/g fish cm3 of 0.1N NaOH Percentage protein conversion
(%w/w) 3 weeks 7 weeks 3 weeks 7 weeks 3 weeks 7 weeks
10 0.67 0.69 11.7 10.3 54.2 56.1
30 0.69 0.73 11.9 12.6 55.8 59.2
50 0.71 0.71 11.1 12.2 52.2 62.070 0.74 0.74 12.9 13.8 63.7 67.4

manufacture; 0.65 g/lOOg was produced after 14 days with budu (Beddows et 
al., 1979); whereas with bromelain, 1.43 g/100 g was produced. As bromelain 
showed slightly better results than the other two enzymes, this enzyme was 
investigated further.

An increase in the enzyme concentration increased the rate of percentage 
protein conversion as would be expected (Fig. 4) but the relationship is not 
directly proportional. Bromelain requires a sulphydryl co-enzyme: conse
quently cysteine was used. The rate of hydrolysis increased with increase in 
co-enzyme concentration up to 0.025 m  with 0.8%  bromelain. The addition of 
cysteine to the ficin and papain hydrolysis mixtures had little effect on protein 
conversion after 21 days.

The effect of salt concentration was more complex. Low salt concentrations 
would allow spoilage to take place. In earlier work, it was shown that the 
proteolysis was more rapid with mackerel if the addition of the salt was delayed 
(Beddows et al., 1976). With minced Stolephorus the protein conversion 
increased from 51 % to 67% if a 24 hr salt-free incubation period was allowed. 
This increased to 71.8% with a 48 hr incubation period. With each, salt (66% 
w/w) was added and the incubation continued for a period of 3 weeks. However, 
the aroma became very strong and suggested that spoilage was occurring. 
Nevertheless, no apparent spoilage occurred with a salt concentration of 10% 
or more. The results (Table 4) show that the percentage protein conversion 
increased with time and surprisingly, with higher salt concentrations. This may 
be due, in part, to the osmotic action of the salt. However, the proteolytic action 
appears to be enhanced and this is further demonstrated by the increased 
formol titration (Table 4). An increase of tem perature to 50°C increased the 
protein conversion from 62.5%  to 67.2% . However, it is doubtful if the small 
increase would warrant the investment in heating equipment for production 
purposes, but the rate of hydrolysis was more rapid.

C onclusions
Bromelain, ficin and papain all produced a hydrolysate, with large quantities of 
salt present, that would be usable as an additive to fish sauce. Each hydrolysate 
was clear, slightly brown, with a high protein content and little aroma. The
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distribution of nitrogen compounds in the hydrolysates were very similar to the 
distribution found in a natural fish sauce. In each case, the proteolysis was 
complete within 21 days, using the normal salt:fish ratio.

A slight advantage occurred with bromelain in that it tended to give higher 
conversions of insoluble to soluble protein. However the activity does improve 
if a sulphydryl co-enzyme is present. The amount of fish protein that hydrolysed 
to soluble nitrogen compounds increased with an increase in enzyme concentra
tion although the relationship is not simple, and is probably due in part to the 
heterogeneous nature of the reaction.

The hydrolysates were produced in the presence of salt in order to eliminate 
microbial action. This was also shown to assist in improving the concentration of 
nitrogen compounds in the supernatant liquor, possibly because of the osmotic 
action at the high salt concentration.

The effect of an incubation period prior to the addition of salt did increase the 
amount of protein hydrolysed but bacterial spoilage occurred.

A higher tem perature improved the extent of hydrolysis with bromelain a 
little and increased the rate of hydrolysis. The product from the bromelain 
hydrolysis could be used to add to traditionally produced fish sauce without any 
loss of nutritional quality and with an increased saving in capital costs.
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II. The use of acids at ambient temperature

C. G. BEDDOW S and A. G. A RD ESH IR

Summary
When batches of Ikanbilis were acidified using hydrochloric acid to pH 2.0-3.5 
at 30°C, the rate and extent of hydrolysis of the fish protein and the rate of 
formation of supernatant liquor were increased.

The effect of pH  and salt concentration was investigated. Although the 
presence of salt generally decreased the extent of proteolysis, it made the 
mixtures easier to filter. The optimum conditions were either pH 2.0 and 10% 
salt (w/w) or pH 3.0 and 15% salt (w/w). The extent of fish protein hydrolysed 
was comparable to the natural fermentation and the concentrations and dis
tribution of soluble nitrogen were very similar to those obtained in the tradi
tionally produced sauces. This liquor was produced within 6 days. The natural 
fermentation takes 4—9 months.

The use of formic acid was investigated and showed no particular advantage.
When the pH of the acid ensiled mixtures was adjusted above 4.2, calcium 

phosphate precipitated; this was removed by filtration.
The effect of adding alkaline ensiled fish to acid ensiled fish mixtures (the pH 

of which had been re-adjusted) was investigated. The amount of insoluble 
protein hydrolysed increased to a limited extent.

As the solutions produced by acid ensilation had very little aroma or taste but 
had a high soluble nitrogen content, they could be used to add to traditionally 
prepared fish sauce in order to increase the net volume which would increase 
the rate of production.

Introduction
The principle of adding aroma free, protein rich solutions to the liquid produced 
in fish sauce manufacture in order to increase the volume has been discussed
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previously (Beddows & Ardeshir, 1979a). The technique is already in use in 
Thailand, where ‘Meiki’, the concentration from the bacterial production of 
monosodium glutamate, is added. (Sukhumavasi, 1977, personal communica
tion). In the previous paper the use of added proteolytic enzymes to produce a 
protein rich solution from fish was reported (Beddows & Ardeshir 1979a).

However, other methods of breaking down fish protein are in use; the 
addition of acid at ambient temperature allows the proteolytic enzymes of the 
fish to work at their optimum pH value (Bakhoff, 1976). The technique has 
been used for many years to provide animal feedstuffs (Peterson. 1951). 
However, the product is often a colloidal suspension which can be used directly 
or mixed with other foodstuffs (cereals etc). Generally inorganic acid has been 
used, but methods involving organic acids which also have a preservative action, 
(e.g. 3%  formic acid) have also been evaluated (Disney & Hoffman, 1974).

The technique can be used to obtain a fish proteolysate for addition to fish 
sauce. To be of value, the proteolysate would need to be clear, odourless and 
have a fairly high soluble nitrogen content (e.g. over 1.7% w/w). The distribu
tion of nitrogen compounds should not be too dissimilar to that found in natural 
fish sauce. The method is of particular value if hydrochloric acid is used, as 
adjustment to the pH of fish sauce with sodium bicarbonate gives sodium 
chloride, which is already present in fish sauces in high concentrations (Van 
Veen, 1965).

The rapid production of a proteolysate could considerably reduce capital 
costs and the method could lend itself to the hydrolysis of low quality or trash 
fish.

This investigation is concerned with the use of Ikanbilis (Stolephorus sp.) 
which is used in fish sauce manufacture in Thailand (nuoc-mam), Malaysia 
(budu) and other S.E. Asian countries. The traditional method hydrolyses 56% 
of the insoluble protein to soluble nitrogen compounds (Beddows, Ardeshir & 
Daud, 1979b). To be competitive it would be preferable to obtain a similar 
extent of hydrolysis.

It has been shown that a greater hydrolysis of fish protein can be obtained if 
some of the fish is ensiled at an alkaline pH and is then added to the acid-ensiled 
fish mixture that has been neutralized, and further incubation is allowed (Raa, 
1977, personal communication). This modification depends on the fact that the 
fish contain proteases with different pH optima; the alkaline enzymes having a 
preference for certain proteins that are unaffected by the acid proteases.

Materials and m ethods
Materials

Ikanbilis (Stolephorus sp.) were obtained in a plate frozen condition from 
Kuala Trengannu, Malaysia. All chemicals (Analar grade) were purchased 
from BDH Ltd., Poole, Dorset, U.K.
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E ffe c t o f  ac id  on  the ex ten t o f  p ro teo lysis

T r ip l ic a te  b a t c h e s  ( 1 0 0  g )  o f  m in c e d  I k a n b il is  w e r e  a d j u s t e d  t o  s p e c i f i e d  p H  
v a lu e s  o f  1 .0 ,  2 .0 ,  2 .5 ,  3 .0 ,  3 .5 ,  a n d  4 .0 ,  w ith  5 0 %  H C 1 a n d  in c u b a t e d  a t 3 0 ° C  
fo r  6 d a y s . T h e  m ix t u r e s  w e r e  t h e n  f i l t e r e d .  T h e  v o lu m e  o f  f i l t r a te  w a s  m e a s 
u r e d  a n d  th e  t o t a l  n i t r o g e n  c o n t e n t  d e t e r m in e d  b y  t h e  m o d i f i e d  K j e ld a h l  
m e t h o d  ( B e d d o w s ,  I s m a il  &  S t e in k r a u s ,  1 9 7 6 ) .

E ffec t o f  sa lt a n d  acid  on  the ex ten t o f  p ro teo lysis
T r ip lic a te  b a tc h e s  (1 0 0  g )  o f  m in c e d  I k a n b il is  w e r e  a d j u s t e d  t o  p H  v a lu e s  o f

1 .0 ,  2 .0 ,  3 .0 ,  4 .0  o r  5 .0  w ith  5 0 %  h y d r o c h lo r ic  a c id . S a lt  w a s  a d d e d  to  g iv e  a  
r a n g e  o f  c o n c e n t r a t io n s  0 ,  5 , 1 0 ,  1 5 ,  a n d  2 0 %  w /w  a t  e a c h  p H  v a lu e .  T h e  
m ix t u r e s  w e r e  in c u b a t e d  fo r  6 d a y s  a t  3 0 ° C  a n d  t h e n  f i l t e r e d  th r o u g h  W h a tm a n  
N o .  1 f i l t e r  p a p e r .  T h e  v o lu m e  o f  f i l t r a te  w a s  m e a s u r e d  a n d  th e  t o t a l  n i t r o g e n  
c o n t e n t  d e t e r m in e d  a s  b e f o r e .  T h e  a m in o - n i t r o g e n  w a s  d e t e r m in e d  w ith  
n in h y d r in  b y  t h e  m e t h o d  o f  M o o r e  &  S t e in  ( 1 9 5 4 ) .

T h e  s o lu b le  p r o t e in  c o n t e n t  o f  s o m e  o f  t h e  f i l t r a te s  w a s  e s t im a t e d  b y  a d d in g  
T C A  t o  5 %  ( w /v )  f i l t e r in g  a n d  m e a s u r in g  t h e  n i t r o g e n  c o n t e n t  o f  t h e  f i l t r a te  b y  
th e  m o d i f ie d  K j e ld a h l  m e t h o d  a s  b e f o r e .  T h e  a m m o n ia  a n d  t r im e t h y la m in e  
c o n c e n t r a t io n s  w e r e  d e t e r m in e d  ( B e d d o w s  et a l., 1 9 7 9 b )  t o  g iv e  t h e  v o la t i l e  
n it r o g e n  c o n t e n t .

T h e  p o ly p e p t id e  c o n t e n t  w a s  f o u n d  b y  d i f f e r e n c e .
In  s o m e  c a s e s ,  t h e  s a lt  c o n c e n t r a t io n  o f  th e  f i l t r a te  w a s  d e t e r m in e d  ( B e d d o w s  

et a l., 1 9 7 9 b ) .
T h e  r e s id u e  fr o m  a f e w  o f  th e  m ix t u r e s  w a s  e x a m in e d  v is u a lly  a n d  d r ie d  a t 

1 1 0 ° C  t o  g iv e  th e  r e s id u a l  w e ig h t .

The e ffec t o f  tim e o n  the ex ten t o f  the p ro teo lysis
D u p l ic a t e  b a t c h e s  o f  m in c e d  I k a n b il is  ( 1 0 0  g )  w e r e  a d j u s t e d  to  p H  2 .0  w ith  

5 0 %  h y d r o c h lo r ic  a c id  in  th e  p r e s e n c e  o f  1 0 ,  1 5  o r  2 0 %  s a lt  a n d  in c u b a t e d  a t  
3 0 ° C . T h e  m ix t u r e s  w e r e  f i l t e r e d  a f t e r  2 ,  4 ,  6 a n d  8 d a y s . T h e  v o lu m e  o f  e a c h  
f i l t r a te  w a s  m e a s u r e d ;  a n d  t h e  n i t r o g e n  c o n t e n t ,  a n d  e x t e n t  o f  h y d r o ly s is  b y  th e  
f o r m o l  t i t r a t io n  ( B e d d o w s ,  I s m a il  &  S t e in k r a u s ,  1 9 7 6 )  w e r e  d e t e r m in e d .

The e ffec t o f  fo rm ic  acid  on  the ex ten t o f  the p ro teo lysis
B a t c h e s  o f  m in c e d  I k a n b ilis  ( 1 0 0  g )  w e r e  a d j u s t e d  to  p H  v a lu e s  o f  1 .0 ,  2 .0 ,

2 .5 ,  3 .0 ,  3 .5 ,  4 .0 ,  a n d  5 .0  w ith  5 0 %  h y d r o c h lo r ic  a c id .
F o r m ic  a c id  w a s  a d d e d  t o  a  s im ila r  s e r ie s  t o  g iv e  3  %  w /w  b e f o r e  t h e  p H  o f  t h e  

m ix t u r e s  w e r e  a d j u s t e d .  A f t e r  6 d a y s ,  t h e  m ix t u r e s  w e r e  f i l t e r e d  a n d  t h e  v o lu m e  
a n d  n i t r o g e n  c o n t e n t  o f  th e  f i l t r a te s  w e r e  d e t e r m in e d  a s  b e f o r e .
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A  b a t c h  o f  m in c e d  I k a n b il is  ( 5 0 0  g )  w a s  m ix e d  w ith  1 0 %  s a lt  (w /w )  a n d  th e  
p H  a d j u s t e d  t o  2 .0 .  A n o t h e r  b a tc h  o f  m in c e d  I k a n b il is  ( 5 0 0  g )  w a s  p r e p a r e d  
w ith  1 5 %  s a lt  a n d  a d ju s te d  t o  p H  3 .0 .  B o t h  m ix t u r e s  w e r e  in c u b a t e d  a t 3 0 ° C f o r  
6 d a y s . T h e  m ix t u r e s  w e r e  f i l t e r e d .  T h e  f i l t r a te s  w e r e  e x a m in e d ,  a s  b e f o r e ,  fo r  
v o lu m e ,  e x t e n t  o f  h y d r o ly s is  ( f o r m o l  t i t r a t io n )  a n d  to ta l  n i t r o g e n  c o n t e n t .

L a r g e r  s c a le  p r e p a ra tio n s

C a l c i u m
C a lc iu m  w a s  d e t e r m in e d  q u a l i t a t iv e ly  b y  u s in g  p ic r o lo n ic  a c id  ( N ô r d b o ,  

1 9 3 9 )  a n d  q u a n t i t a t iv e ly  u s in g  E D T A  w ith  m u r e x id e  a s  in d ic a to r  ( B e lc h e r  &  
N u t t e n ,  1 9 6 0 ) .  P h o s p h a t e  w a s  d e t e r m in e d  g r a v im e t r ic a l ly  a s  th e  m a g n e s iu m  
a m m o n iu m  p h o s p h a t e  in  th e  p r e s e n c e  o f  c i tr a te .  ( B e lc h e r  &  N u t t e n ,  1 9 6 0 ) .

E f f e c t  o f  a d d i t i o n  o f f i s h  i n c u b a t e d  a t  p H  8 . 0  o n  t h e  e x t e n t  o f  p r o t e o l y s i s  o f  a c i d  
t r e a t e d  I k a n b i l i s

( a )  S e v e r a l  b a t c h e s  o f  m in c e d  I k a n b il is  ( 2 0  g )  w e r e  m ix e d  w ith  s a lt  ( 1 0 %  
w /w )  a n d  th e  p H  w a s  a d ju s te d  t o  p H  8 .G. T h e  m ix t u r e s  w e r e  in c u b a t e d  
f o r  6 d a y s .  T w o  o f  th e  f la s k s  w e r e  r e m o v e d  a n d  f i l t e r e d ;  th e  f i l t r a te s  w e r e  
m e a s u r e d  fo r  th e ir  v o lu m e ,  a n d  th e ir  to ta l  n i t r o g e n  c o n t e n t .

(b )  T h e  o t h e r  f la s k s  w e r e  a d d e d  to  b a t c h e s  o f  m in c e d  I k a n b i l i s ,  c o n t a in in g  
1 5 %  s a lt  ( w /w )  th a t  h a d  b e e n  in c u b a t e d  a t p H  3 .0  fo r  6 d a y s  a n d  t h e  p H  
o f  w h ic h  h a d  th e n  b e e n  r e - a d j u s t e d  to  8 .0 .  T w o  d i f f e r e n t  c o n c e n t r a t io n s  
o f  a lk a l in e  t r e a t e d  f is h  (10  g /100  g  a c id  t r e a t e d  a n d  20  g /100  g  a c id  
t r e a t e d  f is h )  w e r e  in v e s t ig a t e d .  F la s k s  w e r e  r e m o v e d  a f t e r  t im e  in te r v a ls  
o f  0 ,  5 , 1 0  a n d  1 5  d a y s . T h e  m ix t u r e s  w e r e  f i l t e r e d  a n d  th e  v o lu m e  o f  e a c h  
f i l t r a te  w a s  m e a s u r e d  a n d  its  to ta l  n i t r o g e n  c o n t e n t  w a s  d e t e r m in e d .

R e s u l t s  a n d  d i s c u s s i o n
T o  b e  o f  u s e  a s  a n  a d d it iv e  to  f is h  s a u c e ,  th e  s c lu t io n  p r o d u c e d  m u s t  b e  c le a r ,  
w it h o u t  a n y  d e t r im e n t a l  a r o m a  a n d  w ith  a  h ig h  s o lu b le  n i t r o g e n  c o n t e n t .  A l s o  if  
t h e  f is h  is  t h e  s a m e  a s  th a t  u s e d  in  n o r m a l p r o d u c t io n ,  th e n  t h e  a m o u n t  o f  
s o lu b le  n i t r o g e n  o b t a in e d  b y  th e  p r o c e s s  m u s t  :>e s im ila r  to  th a t  f o r m e d  in  th e  
t r a d it io n a l  f e r m e n t a t io n  in  o r d e r  fo r  it t o  b e  e c o n o m ic a l ly  c o m p e t i t iv e .

T h e  a b i l ity  o f  th e  p r o c e s s  to  c o n v e r t  th e  in s o lu b le  p r o t e in  in t o  th e  s o lu b le  
fo r m  c a n  b e  d e f in e d  as:

v o lu m e  o f  l iq u id  p r o d u c e d  x  its  N  c o n t e n t
. . ( g /g )  x  100P e r c e n t a g e  p r o t e in  c o n v e r s io n  =  ------------------------------------------------------------------------------- -

w t  o f  f is h  u s e d  x  its  N  c o n t e n t  ( g /g )

T h e  n i t r o g e n  c o n t e n t  o f  t h e  f ish  w a s  f o u n d  t o  b e  0 .0 2 4 8  g  g /g  w e t  w e ig h t .
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Table 1. T he effect o f p H  on th e  ex ten t o f fo rm ation  o f su p e r
na tan t liquor and p ro te in  converted  w hen S to le p h o ru s  was 
incubated  for 6 days at 30°C

pH
V olum e o f liquid 
p rodu ced  (cm 3/g)

P ercen tage  p ro te in  
conversion

1.0 0.44 54
2.0 0.50 57
2.5 0.51 54
3.0 0.56 53
3.5 0.52 52
4.0 0.45 45.1

(a )  E f f e c t  o f  p H
A n  in i t ia l  e x p e r im e n t  w a s  s e t  u p  in  w h ic h  b a t c h e s  o f  I k a n b il is  (S t o l e p h o r u s  

s p .)  w e r e  a d j u s t e d  t o  s p e c if i e d  p H  v a lu e s  a n d  in c u b a t e d  fo r  6 d a y s .  T h e  r e s u lt s  
( T a b le  1 )  s h o w  th a t  o n ly  a  s m a ll  d i f f e r e n c e  o c c u r r e d  in  t h e  p e r c e n t a g e  p r o t e in  
h y d r o ly s e d ;  t h e  v a lu e s  w e r e  s im ila r  t o  t h e  p e r c e n t a g e  c o n v e r s io n  o b t a in e d  w ith  
t h e  n a tu r a l  f e r m e n t a t io n  o f  ‘b u d u ’ a f te r  4  m o n t h s  w h ic h  o c c u r s  a t  p H  5 .6 5  
( B e d d o w s  e t  a l . ,  1 9 7 9 b ) .  H o w e v e r ,  t h e  s u p e r n a ta n t  l iq u o r  w a s  e x t r e m e ly  d i f 
f ic u lt  t o  d e c a n t  a s  t h e  f is h  r e s id u e  w a s  v e r y  g e la t in o u s  a n d  p r e s u m a b ly  r e d u c e d  
th e  v o lu m e  o f  l iq u id  o b t a in e d .  T h e  n a tu r a l  f e r m e n t a t io n  o f  ‘b u d u  g a v e  0 .7 5  
c m 3/g  o f  f is h .

S p o i la g e  o c c u r r e d  a t  p H  3 .5  a n d  t h e  s o lu t io n  a t p H  4 . 0  h a d  a n  u n p le a s a n t  
a r o m a  a ls o .

(b )  E f f e c t  o f  s a l t  a n d  p H
In  o r d e r  t o  im p r o v e  t h e  f i l t e r in g  p r o p e r t ie s  a n d  t o  e x tr a c t  m o r e  l iq u id ,  

e x p e r im e n t s  w e r e  c a r r ie d  o u t  w ith  s a lt  p r e s e n t .  A t  h ig h  s a lt  c o n c e n t r a t io n s ,  th e  
r e s id u e  w a s  e a s i ly  f i l t e r e d .  H o w e v e r  t h e  p e r c e n t a g e  p r o t e in  c o n v e r t e d  w a s  
r e d u c e d  ( T a b le  2 ) .  T h e  s a lt  a ls o  a c ts  a s  a n  a n t im ic r o b ia l  a g e n t  a t  h ig h e r  p H

Table 2. T he effect o f salt concen tra tions and pH  on the percen tage  n itrogen  conversion when 
S to le p h o ru s  was incubated  for 6 days a t 30°C

P ercen tage
salt

P ercen tage n itrogen conversion

p H  2.0 pH  3.0 pH  4.0 pH  5.0added

0 54.3 40.0 _____ —

5 70.7 49.9 54.0 34.4
10 50.8 49.8 49.0 —
15 45.2 47.3 28.5 27.8
20 39.1 41.7 35.2 39.5
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Table 3 . T he effect o f salt concen tra tion  on the d istribu tion  of the soluble n itrogen  com pounds 
a fte r 6 days incubatio n  of S to le p h o ru s  at pH  2.0 and 3.0 at 30°C, co m pared  to  a na tura l 
fe rm en ta tion

V olatile-N

pH
P ercen tage 
salt added

T otal-N
(% )

P ro tein -N
(% )

N H 3
(% )

TM A
(% )

A m ino-N
(% )

Polypeptide*
(% )

2.0 0 2.096 0.092 0.091 0.031 1.456 0.49
5 2.352 0.080 0.082 0.029 1.470 0.67

10 1.776 0.091 0.084 0.034 1.148 0.40
15 1.712 0.073 0.078 0.032 1.120 0.41
20 1.664 0.032 0.091 0 .029 1.106 0.39

3.0 10 2.063 0.081 0.083 0.026 1.302 0.63
15 1.79 0.069 0 .090 0.034 1.190 0.40

B u d u “ S atu ra ted 1.770 0.010 0.090 0.30 1.173 0.475

*polypeptide found  by d ifference and could include nucleic acid breakdow n products, 
“ from  B eddow s et a l., 1979b.

v a lu e s .  T h e  r e s u lt s  in d ic a t e  th a t  p H  2 .0  a n d  5 %  s a lt  g a v e  th e  b e s t  p e r c e n t a g e  
p r o t e in  c o n v e r s io n ,  a l t h o u g h  a la r g e r  v o lu m e  o f  a c id  is  r e q u ir e d  to  a d ju s t  th e  
p H  ( 9 .8  c m 3 o f  5 0 %  h y d r o c h lo r ic  a c id /1 0 0  g  f i s h )  c o m p a r e d  w ith  p H  3 .0  ( 4 .1  
c m 3/ 1 0 0  g ) .  T h e  s u p e r n a ta n t  l iq u o r s  p r o d u c e d  a :  t h e  h ig h e r  s a lt  c o n c e n t r a t io n s  
( 1 0 - 1 5 % )  d e c a n t e d  r e la t iv e ly  e a s i ly .  T h u s  t h e  m ix t u r e s  a t p H  2  a n d  1 0 %  s a lt  
a n d  p H  3 a n d  1 0 %  s a lt  g a v e  c le a r  l iq u id s  w ith  a  n e t t  p e r c e n t a g e  p r o t e in  
c o n v e r s io n s  s im ila r  t o  t h e  n a tu r a l  p r o c e s s ;  0 .6 7  c m 3/g  a n d  0 .6 3  c m 3/g  o f  l iq u id  
w e r e  o b t a in e d  r e s p e c t iv e ly .  H ig h  s a lt  c o n c e n t r a t io n s  ( 2 0 % )  d e c r e a s e d  th e  n e t  
p e r c e n t a g e  p r o t e in  c o n v e r s io n  in  th e  6 - d a y  p e r io d ,  p r e s u m a b ly  d u e  t o  th e  
lo w e r in g  o f  th e  p r o t e o ly t ic  a c t iv ity .

T h e  e f f e c t  o f  s a lt  a t p H  2  a n d  3 .0  o n  th e  h y d r o ly s is  o f  t h e  p r o t e in  to  th e  
v a r io u s  s o lu b le  n i t r o g e n  f r a c t io n s  is  g iv e n  in  T a b le  3 . T h e  s o lu t io n s  a r e  s l ig h t ly  
h ig h e r  in  s o lu b le  n i t r o g e n  c o n c e n t r a t io n  th a n  w ith  th e  t r a d it io n a l  ‘b u d u ’ f e r 
m e n t a t io n ,  b u t  t h e  p e r c e n t a g e  d is t r ib u t io n  o f  n i t r o g e n o u s  c o m p o u n d s  is  s im ila r  
(T a b le  4 ) ,  w ith  m a in ly  a m in o  a c id s  b e in g  fo r m e d .

Table 4 . C om parison of the percen tage distribution  o f soluble n itrogen  com pounds of som e of the 
su pern a tan t liquors p roduced  by acid-ensiling Ikanbilis

Percen tage
salt
added
initially P ro tein -N A m ino-N

V olatile-N
(to tal) P olypeptide-N

pH  2 10 5.2 64.7 7.2 22.8
15 4.7 65.4 7.0 23.9

pH  3 10 3.9 63.1 5.3 27.9
15 3.8 66.5 6.9 22.3

B udu — 0.6 66.3 6.6 26.5
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Table 5. T he ra te  o f hydrolysis o f S to le p h o ru s  incubated  with 10%  salt a t pH  2.0 and 30°C, as 
de term ined  by the  volum e o f su p ern a tan t liquor p rodu ced , its fo rm ol titra tio n  value and 
percen tag e n itrogen  co n ten t and the percen tage p ro te in  conversion

Tim e
(days)

V olum e 
produced  
(cm 3/g)

Form ol 
(cm 3 N aO H )

P ercen tag e 
n itrogen  
co n ten t 
(g /100 cm 3)

P ercen tage
p ro te in
conversion

2 0.62 7.4 1.580 39.5
4 0.68 8.0 1.664 45.6
6 0.66 8.2 1.776 47.2
8 0.67 8.3 1.790 48.2

I n  g e n e r a l ,  t h e  p e r c e n t a g e  n i t r o g e n  c o n c e n t r a t io n  o f  t h e  s o lu t io n s  p r o d u c e d ,  
d e c r e a s e d  w ith  in c r e a s e  in  s a lt  c o n c e n t r a t io n .

I t  w o u ld  a p p e a r  th a t  f o r  p r a c t ic a l  p u r p o s e s ,  t h e  p H  3 a t  1 0 %  o r  1 5 %  s a lt  
o f f e r e d  t h e  b e s t  a d v a n t a g e  ( a l t h o u g h  p H  2  g a v e  s l ig h t ly  b e t t e r  r e s u lt s  w ith  
p r o t e o ly s i s ) . T h e  r e s id u e  fr o m  a p H  2 ( 1 0 %  s a lt )  6 - d a y  h y d r o ly s is  w a s  d r ie d  a n d  
w e ig h e d .  A f t e r  h y d r o ly s is  t h e  o r ig in a l  1 0 0  g  f is h  g a v e  1 1 .7 6  g  s o l id ,  w h ic h  
c o n t a in e d  1 0 .9 %  n i t r o g e n .  T h is  in d ic a t e d  th a t  5 1 .8  %  o f  th e  f is h  p r o t e in  h a d  n o t  
b e e n  h y d r o ly s e d  u n d e r  a c id  c o n d i t io n s .

( c )  E ffe c t o f  tim e o f  the hyd ro lysis
A  n u m b e r  o f  f i s h i s a l t  m ix t u r e s  w e r e  s e t  u p  a t  p H  2 .0  a n d  t w o  e a c h  o f  t h e s e  

w e r e  h a r v e s t e d  a t  in te r v a ls  o f  2  d a y s . T h e  r e s u lt s  a r e  g iv e n  in  T a b le  5 . T h e  
p r o t e o ly s i s  in c r e a s e d  w ith  t im e ;  t h e  4 - d a y  s o lu t io n s  w e r e  n o t  a s  c le a r  a f te r  
f i l t e r in g  a s  th e  6 - d a y  s a m p le s .  V e r y  l i t t le  p r o t e o ly s i s  o c c u r r e d  a f te r  6 d a y s .

In  o r d e r  t o  v e r i f y  th e  f in d in g s ,  tw o  la r g e r  s c a le  e x p e r im e n t s  w e r e  c a r r ie d  o u t  
a t  p H  2  a n d  1 0 %  s a lt  a n d  p H  3 w ith  1 5 %  s a lt ,  5 0 0  g  o f  m in c e d  I k a n b il is  b e in g  
u s e d  in  e a c h .  T h e  b a tc h  a t  p H  2  p r o d u c e d  2 9 3  c m 3 o f  s o lu t io n  ( =  0 .5 8  c m 3/g )  
c o n t a in in g  2 .1 1  g %  n itr o g e n ;  th e  n e t  p r o t e in  c o n v e r s io n  w a s  4 9 .7 %  a n d  th e  
b a tc h  a t  p H  3 p r o d u c e d  2 6 5  c m 3 o f  s o lu t io n  ( =  0 .5 3  c m 3/g )  c o n t a in in g  2 .2 4  g  %  
n itr o g e n :  t h e  n e t  c o n v e r s io n  w a s  4 7 .9 % .

A l l  t h e s e  e x p e r im e n t s  w e r e  c a r r ie d  o u t  o n  m in c e d  f ish ;  h o w e v e r ,  w h e n  w h o le  
f is h  w e r e  a d j u s t e d  t o  p H  3 in  1 5 %  s a lt ,  o n ly  a  l i t t le  p r o t e o ly s i s  ( 2 8 %  p r o t e in  
c o n v e r s io n )  o c c u r r e d  in  6 d a y s .

O n e  a d v a n t a g e  o f  th e  m e t h o d  is th a t  lo w e r  c o n c e n t r a t io n s  o f  s a lt  c o u ld  b e  
a c h ie v e d  w ith  t h e  p H  3 ,  1 5 %  h y d r o ly s a t e ,  t h e  f in a l  s o lu t io n  c o n t a in in g  o n ly  
1 6 .9 %  s a lt  w h e r e a s  ‘b u d u ’ a n d  o t h e r  s a u c e s  a re  s a tu r a te d  a t  a p p r o x im a t e ly  
2 6 % . T h e  p H  2 .0  ( 1 0 %  s a lt )  s o lu t io n  c o n t a in e d  1 3 .9 %  s a lt .

F is h  s a u c e s  a r e  u s e d  a s  a  c o n d im e n t  a n d  o f t e n  t h e  s a lt  c o n c e n t r a t io n  is  
im p o r t a n t  in  t h e  q u a n t ity  o f  f is h  s a u c e  c o n s u m e d .  T h u s  t h e  n i t r o g e n  c o n s u m p 
t io n  c o u ld  b e  in c r e a s e d .  H o w e v e r  t h e  s o lu t io n s  p r o d u c e d  w o u ld  b e  m ix e d  w ith  
f is h  s a u c e  a n d  a n  o v e r a l l  in c r e a s e  in  t h e  s a lt  c o n t e n t  w o u ld  o c c u r .
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Table 6. T he com parison o f hydrochloric acid and a m ixtu re o f hydrochloric an d  form ic acids, at 
the  sam e p H  values, on  the  volum e of sup ern a tan t liquor p rodu ced  and the  percen tage  p ro te in  
co nverted , w hen S to le p h o ru s  was incubated  for 6 days a t 30°C

pH

HC1 only HC1 + 3 %  H C O O H

V olum e (cm 3/g) 
p rodu ced

P ercen tag e
pro tein
conversion

V olum e (cm 3/g) 
p rodu ced

Percen tage
pro te in
conversion

1.0 0.44 54.1 0.56 53.1
2.0 0 .50 55.6 0.56 57.1
2.5 0.51 54.0 0 .59 54.6
3.0 0.56 53.6 0.56 51.1
3.5 0.52 53.2 0.57 50.6
4.0 0.48 50.7 0.56 48.7
5.0 — — 0.59 38.7

(d )  Use o f  fo rm ic  acid
A s  fo r m ic  a c id  h a s  b e e n  u s e d  fo r  p r o d u c in g  p r o t e o ly s a t e s  fo r  a n im a l  f e e d -  

s tu f fs ,  a n  e x p e r im e n t  w a s c a r r ie d  o u t  t o e s t a b l i s h  i f  th e  u s e o f  fo r m ic  a c id  h a s  a n y  
p a r t ic u la r  e f f e c t  o n  p e r c e n t a g e  p r o t e in  c o n v e r s io n .  T h e  r e s u lt s  ( T a b le  6 )  s h o w  
th a t  v e r y  l i t t le  d i f f e r e n c e  o c c u r r e d  a n d  fo r m ic  a c id  h a s  n o  s p e c i f i c  a c t io n .  
H o w e v e r  h ig h e r  p H  v a lu e s  c o u ld  b e  u s e d  b e c a u s e  o f  th e  p r e s e r v a t iv e  e f f e c t .  
T h e  u s e  o f  fo r m ic  a c id  is  n o t  a d v o c a t e d .

( e )  R e-a d ju s tm en t o f  the p H
T o  b e  u s e d ,  th e  s o lu t io n s  p r o d u c e d  u s in g  h y d r o c h lo r ic  a c id  t o  lo w e r  th e  p H  

v a lu e ,  m u s t  b e  r e - a d j u s t e d  t o  p H  5 .6 5 ,  ( t h e  p H  o f  n a tu r a l ly  p r o d u c e d  f is h  
s a u c e ) .  W h e n  th is  w a s  a t t e m p t e d ,  a  p r e c ip i t a t e  o f  c a lc iu m  p h o s p h a t e  s ta r te d  t o  
fo r m  a t p H  4 .4 .  I t  w a s  p a r t ia l ly  s o lu b le  a t p H  5 .6 5 .  T h e  p r e c ip i t a t e  w a s  
id e n t i f ie d  b y  f i l t e r in g  a n  a lk a l in e  s o lu t io n .  T h e  c o n c e n t r a t io n  w a s  2 .4 9  g /1 0 0  
c m 3. A  p o r t io n  o f  th e  p r e c ip i t a t e  ( 7 0 .1  m g )  w a s  a s h e d  a t 4 5 0 ° C  t o  g iv e  6 0 .3  
m g . T h e  o r ig in a l  p r e c ip i t a t e  d id  n o t  c o n t a in  n i t r o g e n  ( K j e ld a h l )  b u t  c a lc iu m  
w a s  id e n t i f ie d  u s in g  p ic r o lo n ic  a c id  ( N o r d b o ,  1 9 3 9 )  a n d  p h o s p h a t e  u s in g  
a m m o n iu m  m o ly b d a t e .  T h e  c a lc iu m  w a s  a n a ly s e d  q u a n t i t a t iv e ly  w ith  E D T A  
a n d  t h e  p h o s p h a t e  w a s  d e t e r m in e d  g r a v im e t r ic a l ly .  S o m e  9 5 %  o f  t h e  d r ie d  
r e s id u e  w a s  c a lc iu m  p h o s p h a t e .

T h e  p r e c ip i t a t e ,  w h ic h  p r e s u m a b ly  d e r iv e s  f r o m  t h e  b o n e s  a n d  n e e d  n o t  b e  
c o n s id e r e d  a s  n u tr i t io n a lly  d e t r im e n t a l ,  w o u ld  b e  a  p r o b le m  f o r  c o n s u m e r  
a c c e p t a n c e  s in c e  c le a r  s o lu t io n s  a r e  p r e fe r r e d . A d d i t io n  o f  c i t r a te  d id  n o t  
p r e v e n t  p r e c ip i t a t e  fo r m a t io n .  H o w e v e r ,  t h e  a d j u s t m e n t  o f  t h e  f is h  m ix t u r e  to  
p H  6 , a n d  th e n  f i l t e r in g , r e m o v e d  a ll  th e  p r e c ip i t a t e  a n d  g a v e  a  c le a r  s o lu t io n ,  
w h e n  r e a d j u s t e d  t o  p H  5 .6 5 .
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Table 7. T he effect o f adding p H  8.0 incubated  S to le p h o r u s  to  acid ensiled S to le p h o ru s  (after 
incubation  a t 30°C fo r 6 days follow ed by re-ad ju stm en t o f the p H  to  8.0) on the percen tage 
p ro tein  conversion, afte r fu rth er incubation  at 30 % C  for up  to  15 days.

T im e (days) P ercen tag e  p ro te in  conversion

100 g o f acid 0 48.7
trea ted  fish 5 49 .9
+ 10 g o f alkaline 10 54.3
trea ted  fish 15 53.8

100 g o f acid 0 47 .6
trea ted  fish + 5 50.2
20 g of alkaline 10 51.3
trea ted  fish 15 51.4

(f) A r o m a  o f  t h e  p r o t e o l y s a t e s
T h e  v o la t i l e  n i t r o g e n  c o m p o u n d s ,  N H 3 a n d  T M A , f o r m e d  t o  th e  s a m e  e x t e n t  

a s  in  f i s h  s a u c e .  T h e  p H  3 ( 1 5 %  s a lt )  a n d  p H  2  ( 1 0 %  s a lt )  s o lu t io n s  w e r e  
a n a ly s e d  fo r  v o la t i l e  fa t ty  a c id s ,  w h ic h  a r e  o f t e n  p r e s e n t  in  f is h  s a u c e .  N o  
d e t e c t a b le  a c id s  o t h e r  th a n  e t h a n o ic  w e r e  p r e s e n t .  T h e  e t h a n o ic  w a s  a t  l e s s  th a n  
0 .0 1  m g /c m 3, w h e r e a s  in  f is h  s a u c e  it w o u ld  b e  a t th e  2  m g /c m 3 l e v e l .  S u b j e c t iv e  
a s s e s s m e n t  o f  t h e  p H  2  a n d  p H  3 h y d r o ly s a t e s  a f te r  a d j u s t m e n t  t o  p H  5 .6  
in d ic a t e d  th a t  n o  s t r o n g  a r o m a  w a s  p r e s e n t  a n d  t h e  ta s t e  o f  b o t h  w a s  s a lt y  w ith  
n o  o t h e r  ta s t e  b e in g  a p p a r e n t .

(g )  A d d i t i o n  o f f i s h  i n c u b a t e d  a t  p H  8 . 0  t o  a c i d  t r e a t e d  I k a n b i l i s
T h e  p e r c e n t a g e  p r o t e in  c o n v e r s io n  w ith  th e  lo w  p H  t r e a t m e n t  w a s  o n ly  ju s t  

c o m p a r a b le  t o  th a t  o f  t h e  n a tu r a l  f is h  s a u c e  f e r m e n t a t io n .
W h e n  th e  I k a n b i l i s  w a s  in c u b a t e d  a t p H  8 .0  in  1 0 %  s a lt ,  o n ly  2 3 .1 %  o f  th e  

f is h  p r o t e in  w a s  h y d r o ly s e d  in to  th e  s o lu b le  fo r m .
W h e n  th e  p H  o f  th e  a c id  t r e a t e d  I k a n b il is  w a s  a d j u s t e d  to  p H  8 .0 ,  a n d  1 0  o r  

2 0 %  o f  t h e  p H  8 .0  t r e a t e d  f is h  w a s  a d d e d ,  fu r th e r  h y d r o ly s is  d id  ta k e  p la c e .  
( T a b le  7 ) .  I n it ia l ly  t h e  a d d it io n  g iv e s  a  d i lu t io n  e f f e c t  b u t  a f te r  1 5  d a y s  s o m e  
im p r o v e m e n t  h a d  o c c u r r e d  w ith  b o t h  c o n c e n t r a t io n s  o f  p H  8 t r e a t e d  fish  
a d d e d .

F is h  th a t  h a d  b e e n  a l lo w e d  to  h y d r o ly s e  a t  p H  3 in  th e  p r e s e n c e  o f  1 5 %  s a lt  
fo r  6 d a y s ,  w a s  a d j u s t e d  t o  p H  8 .0 .  A  s a m p le  w a s  r e m o v e d ,  f i l t e r e d ,  a n d  th e  
n itr o g e n  c o n t e n t  o f  t h e  f i l t r a te  d e t e r m in e d .  T h is  w a s  r e p e a t e d  a f te r  1 5  d a y s .  
T h e  n i t r o g e n  c o n t e n t  c h a n g e d  fr o m  1 .8 7  g /1 0 0  c m 3 to  1 .8 9  g /1 0 0  c m 3 s h o w in g  
th a t  v ir tu a l ly  n o  h y d r o ly s is  w a s  ta k in g  p la c e  a t p H  8 .0  a f t e r  th e  a c id  t r e a tm e n t .  
P r e s u m a b ly  t h e  a c id  a n d  th e  a c t io n  o f  t h e  a c id  p r o t e a s e s  d e s t r o y e d  t h e  e n z y m e s  
th a t  a r e  a c t iv e  a t p H  8 .0 .
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I t  is  p o s s ib le  th a t  t h e  u s e  o f  th e  p H  8 .0  t r e a t m e n t  c o u ld  g iv e  a  g r e a te r  in c r e a s e  
in  t h e  p e r c e n t a g e  p r o t e in  c o n v e r t e d .  A  n u m b e r  o f  v a r ia b le s  e x is t .  H o w e v e r ,  to  
o p t im iz e  t h e  p r o c e s s ,  it  w o u ld  b e  p r e f e r a b le  t o  u s e  f r e s h  I k a n b ilis  o r  o t h e r  
s p e c ie s ,  r a th e r  th a n  t h e  p la t e - f r o z e n  f is h  u s e d  in  t h e s e  e x p e r im e n t s .

C o n c l u s i o n s
T h e  u s e  o f  l o w  p H  v a lu e s  in c r e a s e d  th e  r a te  a n d  e x t e n t  o f  p r o t e o ly s i s  o f  
I k a n b il is  (S to lep h o ru s  s p .) ;  t h e  a m o u n t  o f  s o lu b le  p r o t e in  b e in g  h y d r o ly s e d  to  
g iv e  s o lu b le  n i t r o g e n  c o m p o u n d s  w a s  c o m p a r a b le  t o  th a t  o b t a in e d  w ith  th e  
t r a d it io n a l  f e r m e n t a t io n .

A l t h o u g h  t h e  p r e s e n c e  o f  s a lt  g e n e r a l ly  d e c r e a s e d  t h e  e x t e n t  o f  t h e  p r o 
t e o ly s i s ,  it  d id  m a k e  th e  m ix tu r e s  fa r  e a s ie r  to  f i l t e r .  T h e  o p t im u m  c o n d i t io n s  
w e r e  e i t h e r  p H  2 .0  w ith  1 0 %  s a lt  w /w  o r  p H  3 .0  w ith  1 5 %  s a lt  w /w .

T h e  s o lu t io n s  o b t a in e d  w e r e  c le a r  b u t  s l ig h t ly  b r o w n  in  c o lo u r  a n d  c o n t a in e d  
a d is t r ib u t io n  o f  n i t r o g e n  c o m p o u n d s  s im ila r  t o  th a t  f o u n d  in  th e  t r a d it io n a l ly  
p r e p a r e d  s a u c e .  T h e  s o lu t io n s  h a d  l i t t le  a r o m a  o r  t a s t e ,  a l t h o u g h  th e  v o la t i l e  
n it r o g e n  c o m p o u n d s  h a d  d e v e lo p e d  t o  th e  s a m e  e x t e n t  a s  in  ‘b u d u ’ .

W h e n  t h e  p H  w a s  a d ju s te d  t o  5 .6 5  c a lc iu m  p h o s p h a t e  p r e c ip i t a t e d .  T h is  
c o u ld  b e  f i l t e r e d  o f f ,  a n d  th e  l iq u id  p r o d u c e d  c o u ld  b e  a d d e d  t o  f is h  s a u c e ,  in  
o r d e r  to  in c r e a s e  th e  v o lu m e .

A d d in g  f is h  th a t  h a d  b e e n  a l lo w e d  t o  h y d r o ly s e  a t  p H  8 .0  t o  th e  lo w  p H  
h y d r o ly s e d  f is h  in c r e a s e d  t h e  a m o u n t  o f  p r o t e in  h y d r o ly s e d  t o  a  l im i t e d  e x t e n t .

T h e  m e t h o d s  in v e s t ig a t e d  p r e s e n t  s o m e  p r o b le m s  b u t  th e y  d o  o f f e r  a  f e a s ib le  
m e t h o d  o f  in c r e a s in g  th e  r a te  o f  f is h  s a u c e  p r o d u c t io n  in  th a t  a  h y d r o ly s a t e  w a s  
p r o d u c e d  w h ic h  w a s  s u i t a b le  f o r  a d d in g  t o  f is h  s a u c e ,  p r o d u c e d  b y  :h e  t r a d i
t io n a l  m e t h o d ,  p r o v id in g  th a t  th e  tr a d it io n a l  s a u c e  h a d  a  s u f f ic ie n t ly  h ig h  
c o n c e n t r a t io n  o f  a r o m a  c o n s t i t u e n t s  t o  k e e p  a  p r o d u c t  a c c e p t a b le  to  th e  c o n 
s u m e r .

A c k n o w l e d g m e n t s
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The prediction of water activity in aqueous solutions 
in connection with intermediate moisture foods
I. a w  Prediction in single aqueous electrolyte solutions

E . A .  B E N M E R G U F ,  C . F E R R O  F O N T A N * t  a n d  J. C H I R I F E t

S u m m a r y
A  s y s t e m  o f  t h e o r e t ic a l  e q u a t io n s  f o r  t h e  o s m o t ic  c o e f f i c i e n t  in  a q u e o u s  e l e c t r o 
ly t e  s o lu t io n s ,  d e v e lo p e d  b y  P it z e r  ( 1 9 7 3 ) ,  h a s  b e e n  u s e d  fo r  p r e d ic t in g  t h e  
w a te r  a c t iv ity  (a w) in  a q u e o u s  s o lu t io n s  o f  th ir ty  d i f f e r e n t  ‘f o o d  a d d i t iv e - l ik e ’ 
s t r o n g  e le c t r o ly t e s .  W a t e r  a c t iv ity  v e r s u s  s o lu t e  c o n c e n t r a t io n  c u r v e s  h a v e  b e e n  
p lo t t e d  f o r  t h e  r a n g e  o f  aw o f  m o s t  in t e r e s t  f o r  in t e r m e d ia t e  m o is t u r e  f o o d s  
( I M F ) .  T h e  R a o u l t ’s la w  b e h a v io u r  o f  s e v e r a l  o f  t h e  a b o v e  e l e c t r o ly t e s  h a s  a ls o  
b e e n  e x a m in e d .  T h e  r e s u lt s  a r e  d is c u s s e d  in  c o n n e c t io n  w ith  t h e  f o r m u la t io n  o f  
I M F .

I n t r o d u c t i o n
K a p lo w  ( 1 9 7 0 )  h a s  d e f in e d  a n  in t e r m e d ia t e  m o is t u r e  f o o d  ( I M F )  a s  o n e  th a t  is  
m o is t  e n o u g h  t o  b e  e a t e n  w it h o u t  r e h y d r a t io n  a n d  y e t  is  s h e l f  s t a b le  w it h o u t  
th e r m a l  p r o c e s s in g  o r  r e fr ig e r a t io n . T h e  o v e r a l l  s ta b i l ity  a n d  q u a li ty  o f  a n  I M F  
is  a c h ie v e d  b y  r e d u c t io n  o f  p r o d u c t  w a t e r  a c t iv ity  ( a w) ,  a d d it io n  o f  s p e c i f i c  
a n t im ic r o b ia l  a g e n t s  a n d  o f t e n  a d d it io n  o f  c h e m ic a l  a g e n t s  t o  p r e v e n t  o r  r e d u c e  
c h e m ic a l  d e t e r io r a t io n  d u r in g  s t o r a g e .  I M F  u s u a lly  h a v e  m o is t u r e  c o n t e n t s  in  
th e  r a n g e  o f  2 5 - 5 0 %  ( w e t  b a s is )  a n d  w a te r  a c t iv ity  in  th e  r a n g e  o f  0 . 7 0 - 0 . 9 0 ,  
th is  d e p r e s s io n  o f  a w b e in g  a c h ie v e d  b y  a d d in g  s o lu b le  s u b s t a n c e s  t o  th e  
a q u e o u s  p h a s e  o f  th e  f o o d .  S e v e r a l  s o lu t e s  h a v e  b e e n  in c o r p o r a t e d  in  I M F  to  
lo w e r  t h e  aw t o  th e  d e s ir e d  r a n g e . T h e s e  s o lu t e s ,  s o m e t im e s  c a l le d  h u m e c t a n t s ,  
in c lu d e  s a lt s ,  s u g a r s  a n d  p o ly o ls  ( K a p lo w ,  1 9 7 0 ;  B o n e ,  1 9 7 3 ;  H e id e lb a u g h  &  
K a r e l ,  1 9 7 5 ) .  A m o n g  c o m p o u n d s  m o s t  u s e d  t o  d e p r e s s  a w a r e  s o d iu m  c h lo r id e ,  
g ly c e r o l ,  p r o p y le n e  g ly c o l ,  s u c r o s e ,  c o r n  s y r u p , s o r b it o l  a n d  d e x t r o s e .  R e c e n t ly ,  
F lin k  ( 1 9 7 8 )  m a d e  a  s u r v e y  o f  th e  h u m e c t a n t s  m o s t  c i t e d  in  th e  l i t e r a tu r e  fo r  
d e p r e s s in g  a w in  I M F .

A u th o rs’ addresses: “D ep artam en to  de Física and íD e p a rta m e n to  de Industrias, Facu ltad  de 
C iencias Exactas y N atu ra les , U n iversidad de B uenos A ires, C iudad U niversitaria , N úñez 1428 
B uenos A ires, A rgentina.

“ M em ber of C onsejo  N acional de Investigaciones C ientíficas y Técnicas de la R epública 
A rgentina.
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E v e r  s in c e  t h e  c o m m e r c ia l  s u c c e s s  o f  I M  p e t  f o o d s ,  f o o d  t e c h n o lo g is t s  h a v e  
a t t e m p t e d  t o  d e v e lo p  I M F  fo r  h u m a n  c o n s u m p t io n  a n d  I M  t e c h n o lo g y  h a s  b e e n  
t h e  s u b j e c t  o f  n u m e r o u s  t e c h n ic a l  a n d  s c ie n t i f i c  a r t ic le s  in  t h e  la s t  d e c a d e  
( H e id e lb a u g h  &  K a r e l ,  1 9 7 5 ;  D a v is ,  B ir c h  &  P a r k e r ,  1 9 7 6 ;  F lin k , 1 9 7 7 ;  F lin k ,
1 9 7 8 ) .  T h e  r e s u lt s ,  h o w e v e r ,  h a v e  n o t  b e e n  s u c c e s s f u l ,  b a s ic a l ly  b e c a u s e  e s s e n 
t ia l ly  a ll  s o lu t e s  u s e d  fo r  a w  lo w e r in g  y ie ld  p r o d u c t s  w ith  o b j e c t io n a b le  f la v o u r  
t o  h u m a n  t a s t e ,  e .g .  t h e  s w e e t - b i t t e r  t a s t e  o f  g ly c e r o l ,  t h e  s w e e t n e s s  o f  s u c r o s e  
o r  t h e  s a l t in e s s  o f  s o d iu m  c h lo r id e .  T h is  is  m a in ly  d u e  t o  t h e  f a c t  th a t  h u m e c -  
ta n t s  in  u s e  t o d a y  m u s t  b e  u s e d  in  h ig h  c o n c e n t r a t io n s  t o  d e p r e s s  t h e  w a te r  
a c t iv ity ,  a  fa c t  w h ic h  s tr o n g ly  c o n t r ib u t e s  t o  th e ir  n e g a t iv e  in f lu e n c e  o n  p r o d u c t  
f la v o u r . F o r  in s t a n c e ,  g ly c e r o l  a n d  s u c r o s e  c o n c e n t r a t io n s  w e l l  a b o v e  3 0 %  o f  
th e  f in i s h e d  I M F  a r e  u s u a lly  r e p o r t e d  in  t h e  l i t e r a tu r e  a s  w e l l  a s  s o d iu m  c h lo r id e  
c o n c e n t r a t io n s  in  e x c e s s  o f  4 - 5 %  o f  p r o d u c t  w e ig h t  ( K a p lo w  &  H a l ik ,  1 9 7 3 ;  
C o ll in s  e t  a l . ,  1 9 7 2 ) .  T h e s e  f ig u r e s  e a s i ly  e x p la in  t h e  u n fa m ilia r  a n d  u n a c c e p t 
a b le  f la v o u r  u s u a l ly  f o u n d  in  m a n y  I M F  i n t e n d e d  fo r  h u m a n  c o n s u m p t io n .

In  1 9 7 3 ,  B o n e  a s k e d  th e  f o l lo w in g  q u e s t io n :  ‘H o w  d o  w e  o b t a in  s o lu t e  
c o n c e n t r a t io n s  th a t  a r e  c o m p a t ib le  w ith  f la v o u r  a n d  o t h e r  t e c h n ic a l  a s p e c t s  o f  
th e  f o o d ? ’ . T h is  q u e s t io n  s t i l l  c o n s t i t u t e s  a c h a l le n g e  fo r  t h e  f o o d  t e c h n o lo g is t  
in t e r e s t e d  in  t h e  d e v e lo p m e n t  o f  I M F  f o r  h u m a n  c o n s u m p t io n .  O n e  o f  th e  w a y s  
t o  f in d  a n  a n s w e r  is  t o  l o o k  fo r  n e w  s o lu t e s  fo r  a w lo w e r in g .  F lin k  ( 1 9 7 8 )  h a s  a ls o  
s t r e s s e d  t h a t  fu tu r e  d e v e lo p m e n t s  in  t h e  I M F  a r e a  w ill  r e q u ir e  n e w  h u m e c ta n ts  
w h ic h  g iv e  a w  lo w e r in g  w i t h o u t  a d v e r s e  e f f e c t s  o n  t a s t e  a n d  o t h e r  p r o p e r t ie s  o f  
t h e  f o o d .  T o  f in d  n e w  s o lu t e s  m e a n s  l o o k in g  fo r  c o m p o u n d s  w h ic h  e x h ib it  v e r y  
la r g e  d e v ia t io n s  fr o m  R a o u l t ’s  la w , th u s  d e p r e s s in g aw a t  m u c h  lo w e r  c o n c e n t r a 
t io n s  th a n  e x p e c t e d ,  w ith  t h e  s u b s e q u e n t  r e d u c e d  f la v o u r  im p a c t .  O f  c o u r s e ,  th e  
s e l e c t io n  o f  a  n e w  h u m e c t a n t  fo r  t h e  f o r m u la t io n  o f  I M F  is  n o t  s o le ly  a p r o b le m  
o f  a w  lo w e r in g  a t  r e d u c e d  s o lu t e  c o n c e n t r a t io n ,  b u t  a ls o  in v o lv e s  c o n s id e r a t io n s  
a b o u t  t e x t u r e ,  c o s t ,  s a f e t y ,  n u tr i t io n , p H , c o m p a t ib i l i t y  w ith  f o o d  c o m p o n e n t s ,  
F D A  s ta tu s  a n d  s h e l f  l i f e  ( B o n e ,  1 9 7 3 ) .  N e v e r t h e l e s s ,  th e  e x a m in a t io n  o f  
a w- lo w e r in g  c a p a c i ty  o f  n e w  s o lu t e s  is o n e  o f  th e  p r e lim in a r y  n e e d s  t o  b e  
f u lf i l le d  in  o r d e r  t o  r e a c h  t h e  d e s ir e d  o b j e c t iv e .

T h e  p u r p o s e  o f  th e  p r e s e n t  w o r k  is to  c a rry  o u t  a  s y s t e m a t ic  s u r v e y  o f  w a te r  
a c t iv ity  lo w e r in g  in  s in g le  e l e c t r o ly t e  a q u e o u s  s o lu t io n s  a s  w e l l  a s  a n  e x a m in a 
t io n  o f  th e  t h e o r e t ic a l  a s p e c t s  o f  a w p r e d ic t io n s .  I t  is h o p e d  th a t  th is  w o r k  m a y  
c o n s t i t u t e  a  p r e lim in a r y  c o n t r ib u t io n  to w a r d s  s o lv in g  t h e  c o m p le x  p r o b le m  o f  
f in d in g  n e w  s o lu t e s  fo r  t h e  f o r m u la t io n  o f  I M F . T h e  p r o b le m  o f  a w p r e d ic t io n  in  
m u lt i c o m p o n e n t  e l e c t r o ly t e  s o lu t io n s  a s  w e l l  a s a w p r e d ic t io n  in  n o n - e le c t r o ly t e  
s o lu t io n s  is  d i s c u s s e d  in  s u b s e q u e n t  p a p e r s .

R e s u l t s  a n d  d i s c u s s i o n
T h e  p r e d i c t i o n  o f  a w in  s i n g l e  a q u e o u s  e l e c t r o l y t e  s o l u t i o n s

W e  a r e  h e r e  in t e r e s t e d  in  f in d in g  a n  e q u a t io n  w h ic h  r e p r o d u c e s  m e a s u r e d  
p r o p e r t ie s  o f  e l e c t r o ly t e  s o lu t io n s  w ith in  e x p e r im e n t a l  a c c u r a c y  a n d  w h ic h  is 
a ls o  c o n v e n ie n t  in  th e  s e n s e  th a t  o n ly  a  f e w  p a r a m e t e r s  n e e d  t o  b e  t a b u la t e d  fo r
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e a c h  s u b s t a n c e  a n d  t h e  m a t h e m a t ic a l  c a lc u la t io n s  a r e  r e la t iv e ly  s im p le .  It  
w o u ld  a ls o  b e  im p o r ta n t  th a t  t h o s e  p a r a m e t e r s  h a v e  p h y s ic a l  m e a n in g  a s  fa r  as  
p o s s ib le ,  in  o r d e r  t o  r e d u c e  t h e  r isk  o f  e x t r a p o la t io n s ,  w h ic h  is  u s u a lly  v e r y  h ig h  
w h e n  w o r k in g  w ith  p u r e ly  e m p ir ic a l  e q u a t io n s .

T h e  t h e r m o d y n a m ic  p r o p e r t ie s  o f  a q u e o u s  s t r o n g  e l e c t r o ly t e  s o lu t io n s  h a v e  
b e e n  e x t e n s iv e ly  s t u d ie d  b o th  e x p e r im e n t a l ly  a n d  th e o r e t ic a l ly .  E x c e l l e n t  
s u m m a r ie s  m a y  b e  f o u n d  in  th e  s ta n d a r d  m o n o g r a p h s  o f  H a r n e d  &  O w e n
( 1 9 5 8 )  a n d  R o b in s o n  &  S t o k e s  ( 1 9 6 5 ) .  V a r io u s  e x t e n s io n s  o f  th e  D e b y e -  
H iic k e l  m o d e l  h a v e  b e e n  p r o p o s e d  t o  f i t  t h e  c o l l ig a t iv e  d a ta  o f  s in g le  a q u e o u s  
e le c t r o ly t e s  b u t  u s u a lly  t h e s e  b r e a k  d o w n  a t m o d e r a t e  o r  h ig h  s o lu t e  c o n c e n t r a 
t io n s ;  e m p ir ic a l  o r  s e m i- e m p ir ic a l  f i t s  h a v e  a ls o  b e e n  a t t e m p t e d  ( T e n g  &  L e n z i ,
1 9 7 4 ) .  T h e  s i t u a t io n  u p  to  1 9 6 8  w a s  c le a r ly  r e v ie w e d  b y  S c a tc h a r d  ( 1 9 6 8 )  w h o  
p o in t e d  o u t  t h e  b a s ic  p r in c ip le s  o f  th e  m o d e r n  t h e o r e t ic a l  f o r m u la t io n s  o f  
e le c t r o ly t e  s o lu t io n s .  T h e  e x c e s s  G ib b s  e n e r g y  o f  th e  s o lu t io n  is  s e p a r a t e d  in  a  
D e b y e - H i i c k e l  ( o r  e le c t r o s t a t ic )  t e r m  w h ic h  p r o v id e s  th e  c o r r e c t  th e o r e t ic a l  
l im it  a t in f in i t e  d i lu t io n ,  a n d  a n  a d d it io n a l  te r m  w h ic h  c o n s id e r s  t h e  s h o r t  r a n g e  
in t e r a c t io n s  b e t w e e n  io n s .  M o s t  th e o r e t ic a l  m o d e l s  d e v e lo p e d  s in c e  1 9 7 0  a r e  
d if f e r e n t  v a r ia t io n s  o f  th is  b a s ic  f o r m u la t io n .  A  g o o d  e x a m p le  o f  th e  ‘m o d e r n ’ 
th e o r y  o f  s o lu t io n s  m a y  b e  f o u n d  in  th e  w o r k s  o f  S c a tc h a r d , R u s h  &  J o h n s o n
( 1 9 7 0 ) ,  R e i l l y ,  W o o d  &  R o b in s o n  ( 1 9 7 1 ) ,  P it z e r  ( 1 9 7 3 ) ,  B r o m le y  ( 1 9 7 3 ) ,  a n d  
P it z e r  ( 1 9 7 5 ) ,  a m o n g  o th e r s .

P it z e r  ( 1 9 7 3 )  d e v e lo p e d  a s y s t e m  o f  e q u a t io n s  fo r  th e  t h e r m o d y n a m ic  p r o p 
e r t ie s  o f  e l e c t r o ly t e s  o n  t h e  b a s is  o f  a n  im p r o v e d  a n a ly s is  o f  t h e  c la s s ic a l  
D e b y e - H i i c k e l  m o d e l .  B y  m o d if y in g  th e  u s u a l  s e c o n d  v ir ia l c o e f f i c i e n t s  to  
in c lu d e  th e  r e c o g n it io n  o f  a n  io n ic  s tr e n g th  d e p e n d e n c e  o f  th e  e f f e c t  o f  s h o r t -  
r a n g e  f o r c e s  in  b in a r y  in t e r a c t io n s ,  h e  o b t a in e d  a  s y s t e m  o f  e q u a t io n s  w h ic h  
y ie ld  a g r e e m e n t  w ith in  e x p e r im e n t a l  e r r o r  u p  t o  c o n c e n t r a t io n s  o f  s e v e r a l  
m o l/k g . T h e  e q u a t io n s  d e v e lo p e d  b y  P it z e r  ( 1 9 7 3 )  w e r e  v e r y  s u c c e s s f u l ly  
a p p lie d  t o  2 2 7  p u r e  a q u e o u s  e l e c t r o ly t e s  b y  P it z e r  &  M a y o r g a  ( 1 9 7 3 ) .  T h e  
e q u a t io n s  u s e d  in  r e p r e s e n t in g  t h e  p r o p e r t ie s  o f  1 - 1  a n d  2 - 1  e l e c t r o ly t e s  
p r o v e d  t o  b e  e q u a l ly  e f f e c t iv e  fo r  3 - 1 ,  4 - 1  a n d  e v e n  5 - 1  ty p e  s o lu t e s .

A f t e r  e x a m in a t io n  o f  t h e  l i t e r a tu r e  it  w a s  c o n c lu d e d  th a t  P it z e r ’s ( 1 9 7 3 )  
m o d e l  r e p r e s e n t s  o n e  o f  th e  m o s t  c o n v e n ie n t  a n d  a c c u r a te  r e p r e s e n t a t io n s  o f  
d a ta  in  c o n n e c t io n  w ith  IM  t e c h n o lo g y  a n d  th is  w a s  s e l e c t e d .  R e a s o n s  fo r  th is  
c h o ic e  m a y  b e  s u m m a r iz e d  a s  f o l lo w s :  (a )  O n ly  a  f e w  p a r a m e t e r s  n e e d  t o  b e  
u s e d  t o  c h a r a c te r iz e  th e  b e h a v io u r  o f  e a c h  s u b s t a n c e ,  (b )  T h e  e q u a t io n  w a s  
d e v e lo p e d  o n  r ig o r o u s  t h e o r e t ic a l  g r o u n d s  w h ic h  g iv e  a  p h y s ic a l  m e a n in g  to  
th e ir  p a r a m e t e r s ,  ( c )  T h e  e q u a t io n  r e p r e s e n t s  e x p e r im e n t a l  d a ta  s u b s t a n t ia l ly  
w ith in  t h e  e x p e r im e n t a l  e r r o r  fr o m  d i lu t e  s o lu t io n s  u p  to  a n  io n ic  s tr e n g th  
v a r y in g  f r o m  c a s e  t o  c a s e  b u t  t y p ic a l ly  6  m. T h e  f i t  is p a r t ic u la r ly  g o o d  fo r  1 - 1  
a n d  2 - 1  e l e c t r o ly t e s ,  w h ic h  a re  th e  o n e s  o f  m o s t  c o n c e r n  in  th is  w o r k . I t  h a s  to  
b e  s t r e s s e d  th a t  t h e  a b i l ity  o f  P it z e r ’s m o d e l  t o  d e s c r ib e  e x p e r im e n t a l  d a ta  a t  
h ig h  s o lu t e  c o n c e n t r a t io n  is m o s t  u s e f u l  t o  o u r  p u r p o s e s  b e c a u s e  t h e  a w’s 
r e q u ir e d  fo r  m ic r o b ia l  in h ib it io n  a re  a s s o c ia t e d  w ith  m o d e r a t e  a n d  u s u a lly  h ig h  
s o lu t e  c o n c e n t r a t io n s .
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P itzer’s (1 9 7 3 ) m o d e l

T h e  o s m o t i c  c o e f f i c i e n t ,  <p, is  g iv e n  b y  th e  e q u a t io n s  d e v e lo p e d  b y  P it z e r
( 1 9 7 3 )  as:

<P -  1 =  Z M Z x | f  +  m B  mx +  r n 22 C MX ( l )

w h e r e ,vM a n d  vx a r e  t h e  n u m b e r  o f  M  a n d  X  io n s  in  t h e  fo r m u la  a n d  Z Ma n d  Z x 
g iv e  t h e ir  r e s p e c t iv e  c h a r g e s  in  e le c t r o n ic  u n its ;  a ls o ,  v =  y M+  vx. T h e  o t h e r  
q u a n t i t i e s  h a v e  t h e  fo r m :

f = ~ A
/1/2

1 +  b  7 1'1 ( 2 )

f i MX =  P mx +  P mx . e x p  ( — a  I 1/2) ( 3 )

w h e r e ,

I  : io n ic  s tr e n g th  =  1 /2  2  n^ Zi2

A  i s  t h e  D e b y e - H ü c k e l  c o e f f i c i e n t  f o r  t h e  o s m o t i c  f u n c t io n  a n d  h a s  a  v a lu e  o f  
0 .3 9 2  a t  2 5 ° C .
C o n s t a n t  b  w a s  t a k e n  e q u a l  t o  1 .2  f o r  a ll s o lu t e s  a n d  a ls o  t h e  v a lu e  o f  a  =  2  w a s  
f o u n d  b y  P it z e r  &  M a y o r g a  ( 1 9 7 3 )  to  b e  s a t is f a c t o r y  fo r  a ll  s o lu t e s  c o n s id e r e d  
in  t h e  p r e s e n t  w o r k . P it z e r  &  M a y o r g a  ( 1 9 7 3 )  n o t e d  t h a t  fo r  e a c h  s u b s t a n c e  t h e  
t w o  p a r a m e t e r s , a n d  p ^  d e f in e  th e  s e c o n d  v ir ia l  c o e f f i c i e n t  a n d C MX 
d e f in e s  t h e  th ir d  v ir ia l  c o e f f i c i e n t ,  w h ic h  is  u s u a lly  v e r y  sm a ll .

P it z e r  &  M a y o r g a  ( 1 9 7 3 )  e v a lu a t e d  th e  b e s t  v a lu e s  o f  p (0), p (1> a n d  C  f r o m  a  
d iv e r s i ty  o f  l i t e r a tu r e  e x p e r im e n t a l  d a ta . T h e y  l i s t e d  t h o s e  p a r a m e t e r s  t o g e t h e r  
w ith  t h e  m a x im u m  m o la l i t y  f o r  w h ic h  a g r e e m e n t  w a s  a t t a in e d  to  0 .0 1  in  <p o r  fo r  
w h ic h  d a ta  w e r e  a v a i la b le ,  a n d  th e  s ta n d a r d  d e v ia t io n  o f  th e  f it .  In  s o m e  c a s e s  
w h e r e  t h e  d a ta  s e e m e d  le s s  a c c u r a te  th e  a l lo w a b le  e r r o r  in  <p w a s  in c r e a s e d  to  
0 .0 2 ;  h o w e v e r ,  th is  w a s  t h e  c a s e  o n ly  fo r  tw o  o f  th e  th ir ty  e l e c t r o ly t e s  e x a m in e d  
in  th is  w o r k .

P it z e r  &  M a y o r g a ’s ( 1 9 7 3 )  p a r a m e t e r s  w e r e  u s e d  to  e v a lu a t e  th e  o s m o t ic  
c o e f f i c i e n t  fo r  e a c h  p a r t ic u la r  s y s t e m  a n d  c o n c e n t r a t io n .  T h e s e  d a ta  w e r e  t h e n  
u s e d  t o  c a lc u la t e  t h e  w a te r  a c t iv ity ,  a w, th r o u g h  th e  r e la t io n s h ip :

a w = p!Pu =  e x p  ( - ( p m i  m v )  ( 4 )

w h e r e ,
cp : o s m o t i c  c o e f f i c i e n t ,
m i : n u m b e r  o f  k g  p e r  m o l  o f  w a te r ,
m  : m o la l i t y  o f  s o lu t e ,
v : n u m b e r  o f  m o le s  o f  a ll  s p e c ie s  w h ic h  g iv e  1 m o l  o f  s o lu t e  in  s o lu t io n .
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B ro m le y ’s m o d e l (19 7 3 )

B r o m le y  ( 1 9 7 3 )  in d e p e n d e n t ly  d e v e lo p e d  a  s y s t e m  o f  r e p r e s e n t a t io n  a n d  
e s t im a t io n  fo r  th e r m o d y n a m ic  p r o p e r t ie s  o f  s tr o n g  e le c t r o ly t e s ,  w h ic h  w a s  
d e s c r ib e d  b y  P it z e r  &  M a y o r g a  ( 1 9 7 3 )  a s  a  s im p l if ic a t io n  o f  P it z e r ’s m o d e l .  T h e  
th ir d  v ir ia l  c o e f f i c i e n t  is  o m it t e d  a n d  t h e  s e c o n d  v ir ia l  c o e f f i c i e n t  is  m o d if ie d  
in t o  a  fo r m  s t i l l  d e p e n d e n t  o n  io n ic  s tr e n g th  b u t  w ith  a  s in g le  p a r a m e t e r  B . 
P it z e r  &  M a y o r g a  ( 1 9 7 3 )  in d ic a t e d  th a t ,  a l t h o u g h  l e s s  a c c u r a te  th a n  th e ir  
e q u a t io n s ,  B r o m le y ’s ( 1 9 7 3 )  m o d e l  w a s  a ls o  q u it e  e f f e c t iv e .  F o r  th is  r e a s o n  a n d  
c o n s id e r in g  th a t  B r o m le y ’s m o d e l  w a s  a ls o  s a t is fa c to r y  f o r  h ig h  s o lu t e  c o n c e n t 
r a t io n s  ( t y p ic a l ly  6  m ) ,  it  w a s  u s e d  t o  d e s c r ib e  th e  aw lo w e r in g  e f f e c t  fo r  a  f e w  
s o lu t e s  fo r  w h ic h  P it z e r  &  M a y o r g a  ( 1 9 7 3 )  d id  n o t  r e p o r t  d a ta . B r o m le y ’s 
( 1 9 7 3 )  e q u a t io n  fo r  t h e  o s m o t ic  c o e f f i c i e n t ,  tp, is:

9  =  1 -  2 .3 0 3  M 7| Z + Z - |  - y -  o- (p P 12)

-  ( 0 .0 6  +  0 . 6 5 )  | Z + Z - l  (a l)  -  B ~  j (5)

w h e r e
A y  =  0 .5 1 1  k g 1/2 m o l 1/2 a t  2 5 ° C ,

| Z + Z - |  =  p r o d u c t  o f  t h e  io n s  c h a r g e s  in  e^  u n its ,

1 +  -  2  ln  +cr (p 7 1/2)
(PI 112)3

p is  t a k e n  t o  b e  1 f o r  a ll  s o lu t e s ,  
B  is  a  p a r a m e t e r  fo r  e a c h  s o lu t e ,

*  (a ,)  =  5 7
1 +  2a l  

(1  +  a l ) 2
ln  (  1 +  a l)  

a l

=  i - 5
- | Z + Z - |

C hoice o f  so lu tes a n d  represen tation  o f  data
T h e  m o d e l  o f  P it z e r  ( 1 9 7 3 )  w ith  p a r a m e t e r s  r e p o r t e d  b y  P it z e r  &  M a y o r g a  

( 1 9 7 3 )  a n d  o f  B r o m le y  ( 1 9 7 3 )  in  a  f e w  c a s e s ,  w e r e  a p p lie d  t o  th ir ty  d i f f e r e n t  
s in g le  s t r o n g  e le c t r o ly t e  s o lu t io n s  fo r  c a lc u la t in g  a w a s  a  f u n c t io n  o f  s o lu t e
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T a b le  1 . List o f electro ly tes studied

(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8) 
(9)

(10)
(11)
(12)
(13)
(14)
(15)
(16)
(17)
(18)
(19)
(20) 
(21) 
(22)
(23)
(24)
(25)
(26)
(27)
(28)
(29)
(30)

C alcium  ch loride (C aC h) -  (P)
C alcium  iod ide (C aL ) -  (P)
D ipotassium  hydrogen ph o sp h ate  (NazHPCh) -  (P) 
D isodium  fum ara te  (N az-fum arate) -  (P)
D isodium  hydrogen  pho sp hate  (NazHPCL) -  (P) 
F errou s  ch loride (FeClz) -  (P)
M agnesium  ace ta te  (M g-aceta te) -  (B)
M agnesium  ch loride (MgClz) -  (P)
M agnesium  iodide (M glz) -  (P)
M anganese ch loride (M nC h) -  (P)
M onopotassium  ad ipate  (K H -ad ip ate ) -  (P) 
M onopotassium  m alonate  (K H -m alo na te) -  (P) 
M onopotassium  succinate (K H -succinate) -  (P) 
M onosod ium  ad ip ate  (N aH -ad ip a te ) -  (P) 
M onosod ium  m alonate  (N aH -m alon ate) -  (P) 
M onosodium  succinate (N aH -succina te) -  (P) 
Potassium  ace ta te  (K -ace ta te ) -  (P)
Potassium  ca rb onate  (KzCCb) -  (B)
Potassium  ch loride (KCI) -  (P)
Potassium  dihydrogen  pho sp hate  (KHzPCL) -  (P) 
Potassium  iodide (K I) -  (P)
Potassium  pyrophosphate  (fCtPzCb) -  (P)
Sodium  aceta te  (N a-ace ta te ) -  (P)
Sodium  bu ty ra te  (N a-bu ty ra te) -  (B)
Sodium  caproate  (N a-cap ro ate ) -  (B)
Sodium  ch loride (N aC l) -  (P)
Sodium  dihydrogen  pho sp hate  (NaHzPCL) -  (P) 
Sodium  fo rm ate  (N a-fo rm ate) -  (P)
Sodium  p ro p io n a te  (N a-p rop ion a te ) -  (P)
Sodium  va lera te  (N a-va lera te) -  (B)

c o n c e n t r a t io n  in  t h e  aw r a n g e  o f  m o s t  in t e r e s t  fo r  in t e r m e d ia t e  m o is t u r e  f o o d s .  
S o lu t e  c o n c e n t r a t io n  w a s  e x p r e s s e d  in  to ta l  w e ig h t  b a s is  in s t e a d  o f  m o la l i t y ,  
b e c a u s e  it  m a y  b e  m o r e  u s e f u l  fo r  t h e  s p e c i f i c  p u r p o s e s  o f  th is  w o r k . E l e c t r o 
ly t e s  s t u d ie d  in c lu d e  in o r g a n ic  c o m p o u n d s  o f  th e  1 - 1  ty p e  ( e .g .  K C I), s a lt s  o f  
c a r b o x y l ic  a c id s  ( e .g .  N a  a c e t a t e ) ,  in o r g a n ic  c o m p o u n d s  o f  2 - 1  t y p e  ( e .g .  
M g C k ) ,  o r g a n ic  e l e c t r o ly t e s  o f  2 - 1  ty p e  ( e .g .  N a 2 fu m a r a te )  a n d  a ls o  o n e  
c o m p o u n d  o f  t h e  4 - 1  t y p e  ( K 4P 2O 7) .  T a b le  1 l is t s  th e  th ir ty  e l e c t r o ly t e s  s t u d ie d .  
L e t t e r s  w ith in  b r a c k e t s  f o l lo w in g  e a c h  s o lu t e  in d ic a t e  w h e t h e r  P it z e r ’s (P )  o r  
B r o m le y ’s ( B )  m o d e l  w a s  u s e d  t o  g e n e r a t e  t h e a w d a ta . M o s t  o f  t h e  s o lu t e s  l is t e d  
in  T a b le  1 a r e  in c lu d e d  in  th e  U .S .  g o v e r n m e n t  l is t s  o f  f r e q u e n t ly  e m p lo y e d  
d ir e c t  f o o d  a d d it iv e s  (F u r ia ,  1 9 7 2 ) .  I ts  r e g u la to r y  s ta tu s  (a lw a y s  s u b j e c t e d  to  
c h a n g e s )  in c lu d e s  G R A S  (g e n e r a l ly  r e c o g n iz e d  a s  s a f e )  c o m p o u n d s  s u c h  a s  
C a C L , K C I , N a C l ,  K I , N a - a c e t a t e ,  K 2C O 3, e t c . ,  a s  w e l l  a s  a p p r o v e d  f o o d  
a d d it iv e s  ( e .g .  N a 2- f u m a r a t e ,  K - a c e t a t e ,  N a - p r o p io n a t e ,  e t c . )  a n d  N a  o r  K  s a lts  
o f  a p p r o v e d  o r  G R A S  m o n o  a n d  d i - c a r b o x y l ic  o r g a n ic  a c id s  ( e .g .  N a  c a p r o a t e ,
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Fig. 9

F igures 1 - 9 .  P red ic ted  w ater activity as a function  of solute co ncen tra tion  fo r various 
single aqueous electro ly te  solutions at 25°C.

N a  f o r m a t e ,  N a  b u t y r a t e ,  N a H - a d ip a t e ,  e t c . ) .  O f  c o u r s e ,  th is  is  n o t  to  s a y  th a t  
a n y  o f  th e  s o lu t e s  h e r e  e x a m in e d  m a y  b e  u s e d  a s  a w lo w e r in g  a g e n t s  in  I M F , b u t  
a t  le a s t  t h e y  a r e  ‘f o o d  a d d it iv e  m o d e l s ’ w h ic h  m a y  b e  u s e d  t o  s tu d y  th e  
c h a r a c te r is t ic s  o f  aw lo w e r in g .  F o r  in s t a n c e ,  a lk a l in e  s a lt s  ( l ik e  K 2C O 3)  a r e  n o t  
l ik e ly  t o  b e  u s e d  in  I M F  a n d  n e u tr a l  o r  s l ig h t ly  a c id  o n e s  a r e  t o  b e  p r e fe r r e d .

F ig u r e s  1 to  9  s h o w  t h e  v a r ia t io n  o f  a w w ith  s o lu t e  c o n c e n t r a t io n  fo r  th e  
d if f e r e n t  e l e c t r o ly t e s  a t  2 5 ° C . T h e  c u r v e s  w e r e  d r a w n  in  m o s t  c a s e s  o n ly  u p  to  
t h e  m a x im u m  c o n c e n t r a t io n  in d ic a t e d  b y  P it z e r  &  M a y o r g a  ( 1 9 7 3 )  o r  B r o m le y  
( 1 9 7 3 )  r e s p e c t iv e ly ,  a n d  th is  is s h o w n  b y  th e  fu ll  l in e s .  In  s o m e  c a s e s ,  h o w e v e r ,  
t h e  c u r v e s  w e r e  s o m e w h a t  e x t r a p o la t e d  (u s in g  th e  c o r r e s p o n d in g  e q u a t io n )  a n d  
th is  is  in d ic a t e d  u s in g  d o t t e d  l in e s .  I t is  n o t e w o r t h y  th a t  T r a n  &  L e n z i  ( 1 9 7 4 )  
r e v ie w e d  t h e  m e t h o d s  o f  e s t im a t in g  t h e  w a te r  a c t iv ity  o f  s u p e r s a tu r a te d  s o lu 
t io n s  a n d  f o u n d  th a t  e x t r a p o la t io n  o f  P it z e r  ( 1 9 7 3 )  e q u a t io n  w a s  a  s a f e  a n d  
c o n v e n ie n t  p r o c e d u r e .  T h u s , it a p p e a r s  th a t  l i t t le  r isk  o f  e r r o r  e x is t s  in  th e  
r e la t iv e ly  s m a ll  e x t r a p o la t io n s  h e r e  p e r f o r m e d  in  s o m e  c a s e s .

T h e  d a ta  o f  a w lo w e r in g  v e r s u s  s o lu t e  c o n c e n t r a t io n  a s  s h o w n  in  F ig s . 1 t o  9  
a r e  o f  d ir e c t  u s e  fo r  t h e  f o o d  t e c h n o lo g is t .  T h e r e  a r e  s e v e r a l  o b s e r v a t io n s  w h ic h  
c a n  b e  m a d e  a b o u t  th e  n a tu r e  o f  t h e  a w v s .  c o n c e n t r a t io n  c u r v e s .  P e r h a p s ,  th e  
f ir s t  o n e  r e fe r s  t o  t h e  s o lu t e  c o n c e n t r a t io n  n e e d e d  to  in h ib it  m ic r o b ia l  g r o w th  
th r o u g h  a w lo w e r in g .  O f  c o u r s e  a n y  m ic r o b ia l  e f f e c t  in d e p e n d e n t  o f  a w w h ic h  a  
p a r t ic u la r  s o lu t e  m a y  h a v e  ( e .g .  N a  p r o p io n a t e )  is  n o t  c o n s id e r e d  h e r e .  I t  is  w e l l  
k n o w n  th a t  a w lo w e r in g  is  n o t  th e  o n ly  m e a n s  o f  in s u r in g  m ic r o b ia l  p r o d u c t  
s ta b i l ity  in  I M F  ( K a r e l ,  1 9 7 6 ) .  A l t h o u g h  th e r e  e x i s t  c r it ic a l  l e v e l s  o f  a w a t w h ic h  
a n  I M F  p r o d u c t  c a n  b e  c o n s id e r e d  m ic r o b io lo g ic a l ly  s t a b le ,  t h e s e  l e v e l s  a re
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T ab le  2. Solu te concen tra tion  (ws) in 
single aqueous e lectro ly te  solutions 
having an a w =  0.85 at 2 5 3C

Solute
(% , w/w)

M gCh 15.8
C aC h 18.7
N aCl 19.0
F e C h t 21.2
M nCL 22.2
N a -F o rm a te t 22.6
K2C O 3* 22.7
N a-A ceta te* 23.0
N a-P ro p io n a te f 25.0
KC1 25.5
K -A cetate* 25.7
N a-B uty ra te 26.2
M g-A ceta te f 27.3
N a-valerate 29.6
M gh 32.4
N aFI-m alonate* 34.2
C aL 35.0
N a-caproa te 36.3
KI* 42.4
N aFhPCF 42.6

* v. slightly ex trapo la ted  
t  slightly ex trapo la ted  
% ex trapo la ted

in f lu e n c e d  b y  s e v e r a l  fa c to r s ,  l ik e  p r o d u c t  p H , ty p e  o f  m ic r o o r g a n is m , t e m p e r a 
tu r e ,  a ir  o r  v a c u u m  p a c k a g in g ,  e t c .  N e v e r t h e l e s s ,  it is u s u a lly  a c c e p t e d  th a t  th e  
h ig h e s t  l im it  o f  a w t o  in h ib it  b a c t e r ia l  g r o w th  in  m o s t  f o o d s  is  a b o u t  0 .8 5 ,  w h i le  
t h e  g r o w th  o f  y e a s t s  a n d  m o u ld s  is  in h ib it e d  b y  a d d in g  s p e c i f i c  c o m p o n e n t s  
( t y p ic a l ly  p o t a s s iu m  s o r b a t e ) .  T a b le  2  s h o w s  th e  w e ig h t  c o n c e n t r a t io n  o f  e a c h  
in d iv id u a l  e l e c t r o ly t e  n e e d e d  t o  a c h ie v e  a  ‘ s a f e ’ w a te r  a c t iv ity  o f  0 .8 5 .  T h e  
c o n c e n t r a t io n  v a lu e s  r a n g e  fr o m  a m in im u m  o f  1 5 .8 %  ( w /w )  f o r  M g C h  u p  to  
4 2 .6 %  ( w /w )  fo r  N a H z P C b . It is  in t e r e s t in g  t o  n o t e  th a t  t w o  s o lu t e s ,  M g C h  a n d  
C a C h , a r e  a b le  t o  d e p r e s s  a w t o  0 .8 5  a t  a  lo w e r  w e ig h t  c o n c e n t r a t io n  th a n  N a C l  
( t h e  T r a d it io n a l’ a w l o w e r in g  s o lu t e )  d e s p i t e  th e ir  c o n s id e r a b ly  h ig h e r  m o le c u 
la r  w e ig h t s .  I f  0 .8 5  is  ta k e n  a s  th e  h ig h e s t  l im it  o f  aw fo r  s a f e  I M F , T a b le  2  
r e v e a ls  th a t  fo r  a ll e l e c t r o ly t e s  e x a m in e d ,  th e  s o lu t e  c o n c e n t r a t io n  in  th e  
a q u e o u s  p h a s e  a p p e a r s  to  b e  t o o  h ig h  in  th e  s e n s e  th a t  t h e y  m a y  a d v e r s e ly  a f f e c t  
ta s te  a n d  o t h e r  p h y s ic a l  p r o p e r t ie s  o f  th e  f o o d .  O f  c o u r s e ,  th e  a w g iv in g  s a fe  
p r o d u c t s  c a n  b e  r a is e d  i f  m e a n s  e x i s t  t o  s e p a r a t e ly  d e a l  w ith  th e  m ic r o o r g a n is m s  
w h ic h  w o u ld  g r o w  a t  lo w  l e v e l s  o f  a w. R a is in g  th e  m in im a lly  r e q u ir e d  aw w ill
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Fig. 10

Figures 1 0 -1 2 . C om parison o f a „  depression by various electro ly tes w ith depression 
expected  from  R ao u lt’s law at 25°C.

g iv e  a  m o r e  o r g a n o le p t ic a l ly  a c c e p t a b le  p r o d u c t .  T h e  c o m p le x  in te r a c t io n s  
w h ic h  w il l  in f lu e n c e  m ic r o b ia l  g r o w th  in  I M F  h a v e  b e e n  d is c u s s e d  b y  L e is t n e r  &  
R o d e l  ( 1 9 7 6 ) .

C o m parison  w ith R a o u lt’s law
O n e  o f  t h e  r e a s o n s  fo r  th is  s e a r c h  fo r  n e w  a w lo w e r in g  a d d it iv e s  c o n s i s t e d  in  

f in d in g  s o lu t e s  w h ic h  e x h ib it  v e r y  la r g e  n e g a t iv e  d e v ia t io n s  fr o m  R a o u l t ’ s la w ,
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th u s  d e p r e s s in g  aw a t  lo w e r  c o n c e n t r a t io n s  th a n  e x p e c t e d .  T h e  b e h a v io u r  o f  
v a r io u s  o f  t h e  s o lu t e s  h e r e  s t u d ie d ,  w ith  r e s p e c t  t o  th a t  p r e d ic t e d  b y  R a o u l t ’s 
la w , is  s h o w n  in  F ig s .  1 0 ,  1 1  a n d  1 2 . F o r  t h e s e  c a lc u la t io n s  it  w a s  a s s u m e d  th a t  
e a c h  e l e c t r o ly t e  w a s  c o m p le t e ly  d i s s o c ia t e d  a n d  t o t a l  n u m b e r  o f  io n ic  s p e c ie s  
c o m p u t e d  fo r  R a o u l t ’s  la w  c a lc u la t io n  o f  w a te r  a c t iv ity .  I t  c a n  b e  s e e n  th a t  w ith  
o n e  e x c e p t i o n  a ll  e l e c t r o ly t e s  e x a m in e d  s h o w e d  n e g a t iv e  d e v ia t io n s  fr o m  i d e a l 
ity ;  i .e .  t h e y  d e p r e s s  a w a t  lo w e r  c o n c e n t r a t io n s  th a n  e x p e c t e d .  T h e  la r g e  
d e v ia t io n s  e x h ib i t e d  b y  C a E , M g T , M g C h  a n d  C a C L , a m o n g  o t h e r s ,  a r e  p a r 
t ic u la r ly  n o t i c e a b le  a n d  w ill  b e  d is c u s s e d  in  a  c o m p a n io n  p a p e r .

C o n c l u s i o n s
T h e  t h e o r e t ic a l  m o d e l  o f  P it z e r  ( 1 9 7 3 )  -  a n d  in  a  f e w  c a s e s  t h e  o n e  o f  B r o m le y  
( 1 9 7 3 )  -  h a v e  b e e n  u s e d  t o  c a lc u la t e  w a te r  a c t iv ity  a s  a  f u n c t io n  o f  s o lu t e  
c o n c e n t r a t io n  in  a q u e o u s  s o lu t io n s  o f  th ir ty  d i f f e r e n t  ‘f o o d  a d d it iv e  l ik e ’ e l e c 
t r o ly t e s .  T h e ir  R a o u l t ’s la w  b e h a v io u r  h a s  b e e n  e x a m in e d  a n d  it  w a s  f o u n d  th a t  
a lm o s t  a ll  c o m p o u n d s  t e s t e d  p r e s e n t e d  n e g a t iv e  d e v ia t io n s  in  th e  r a n g e  o f  a w a t  
w h ic h  m ic r o b ia l  in h ib it io n  o c c u r s .  T h e  r e s u lt s  h e r e  o b t a in e d  s u g g e s t  :h a t  i f  a n  
aw o f  0 .8 5  is  a c c e p t e d  a s  a  h ig h e s t  l im it  fo r  s a f e  I M F , th e  a q u e o u s  s o lu t e  
c o n c e n t r a t io n  a p p e a r s  t o  b e  t o o  h ig h  t o  b e  c o m p a t ib le  w ith  t a s te  a n d  o th e r  
p h y s ic a l  p r o p e r t ie s  o f  th e  f o o d ,  e v e n  f o r  th e  ‘b e s t  p e r f o r m in g ’ e le c t r o ly t e s .

A t  th is  p o in t  w e  m a y  n o t  d r a w  d e f in i t e  c o n c lu s io n s  b e c a u s e  o t h e r  e l e c t r o ly t e s  
o f  b e t t e r  p e r f o r m a n c e  m a y  e x i s t  w h o s e  a w lo w e r in g  b e h a v io u r  h a v e  n o t  b e e n  
e x a m in e d .  H o w e v e r ,  f r o m  p r e s e n t  r e s u lt s  it a p p e a r s  th a t  it w i l l  b e  d if f ic u lt  to  
f in d  a  s in g le  ‘f o o d  a d d it iv e  l ik e ’ e le c t r o ly t e  w ith  s u c h  a  la r g e  n e g a t iv e  d e v ia t io n  
f r o m  R a o u l t ’s la w  th a t  c a n  lo w e r  aw t o  0 .8 5  w i t h o u t  im p a ir in g  f o o d  c h a r a c te r is 
t ic s .

T h e  s u b j e c t  o f  R a o u l t ’s la w  d e v ia t io n  w ill  b e  d is c u s s e d  in  d e t a i l  in  a  s u b s e 
q u e n t  p a p e r .

A c k n o w l e d g m e n t s
T h e  a u th o r s  a c k n o w le d g e  t h e  f in a n c ia l  s u p p o r t  fr o m  th e  S e c r e ta r ía  d e  E s t a d o  
d e  C ie n c ia  y  T e c n o lo g ía  d e  la  R e p ú b l ic a  A r g e n t in a  (P r o g r a m a  N a c io n a l  d e  
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R e s u l t s  a n d  d i s c u s s i o n
B r o m le y ’s ( 1 9 7 3 )  e q u a t io n  f o r  t h e  o s m o t i c  c o e f f i c i e n t  is:

(p =  1 +  2 .3 0 3 A y\  Z  + Z - l
/1/2

c r ( p / 1/2)
L

+  ( 0 .0 6  +  0 .6  5 )  | Z + Z  | vli (a l )  +  B  ~

w h e r e  I  is  th e  io n ic  s tr e n g th  o f  t h e  s o lu t io n  a n d
1a  ( 2 0

«l* ( 2 0  =

3
X 3
_2_

1 +  X -

1 +  2 1
1 + X 2  In (1  +  X )

(1  +  2 f ) 2
In (1  + X )  

X

( 1 )

T h e  n u m e r ic a l  v a lu e s  o f  t h e  p a r a m e t e r s  a r e  a s  f o l lo w s :
p =  1 ; n =  1 .5 /  | Z  + Z  - | ;  A y = 0 .5 1 1  k g 1'2 m o l“ 1 a t  2 5 ° C
a n d  B  is  a  c o n s t a n t  fo r  e a c h  e l e c t r o ly t e ,  w h ic h  m e a s u r e s  t h e  s t r e n g th  o f  s o lu t e -  
s o lu t e  in t e r a c t io n s .  M o s t  o f  th is  p a p e r  is  d e v o t e d  t o  a  d is c u s s io n  o f  th is  r e le v a n t  
p a r a m e t e r  in  c o n n e c t io n  w ith  in t e r m e d ia t e  m o is t u r e  f o o d  ( I M F )  t e c h n o lo g y .

T h e  o s m o t ic  c o e f f i c i e n t  is  p a r t ic u la r ly  u s e f u l  fo r  o u r  p u r p o s e s  s in c e  w a te r  
a c t iv ity  ( a w) is  s im p ly  g iv e n  b y ,

a w =  e x p  j -  0 .0 1 8  ( 2 m i ) y >  j ( 2 )

w h e r e  X m { is  t h e  d i s s o c ia t e d  m o la l i t y  o f  t h e  s o lu t io n .  T h u s ,  a  la r g e  o s m o t ic  
c o e f f i c i e n t  c o r r e s p o n d s  t o  a  lo w  w a te r  a c t iv ity .  F r o m  e q n .  ( 1 )  o n e  c o n c lu d e s  
th a t ,  o t h e r  th in g s  b e in g  e q u a l ,  a  s o lu t e  w ith  h ig h  B  n u m b e r  h a s  b e t t e r  w a te r  
a c t iv i t y - lo w e r in g  p r o p e r t ie s .  T h is  is  d u e  t o  th e  f a c t  th a t  <p is  a  l in e a r  fu n c t io n  o f  
B  w ith  p o s i t iv e  s lo p e  a t a ll  io n ic  s t r e n g th s .

O u r  c h o ic e  o f  B r o m le y ’s ( 1 9 7 3 )  e q u a t io n  a s  a  t h e o r e t ic a l  t o o l  f o r  th e  s e l e c 
t io n  o f  t h e  b e s t  a w l o w e r in g  e l e c t r o ly t e s  s ta n d s  o n  th is  p r o p e r ty :  o n ly  o n e  
p a r a m e t e r  is  n e e d e d  to  r a n k  d i f f e r e n t  s u b s t a n c e s  a c c o r d in g  t o  th e ir  a w lo w e r in g  
a b i l ity .  T h is  e q u a t io n  ( e q n  1 ) b e lo n g s  t o  a  la r g e  fa m ily  o f  m o d e ls  in s p ir e d  b y  
m o d e r n  d e v e lo p m e n t s  in  t h e  c lu s te r  t h e o r y  o f  s o lu t io n s .  F o r  a  f o r m a l  p r e s e n t a 
t io n  o f  th is  s u b j e c t  w e  r e fe r  t h e  r e a d e r  to  F r ie d m a n ’s ( 1 9 6 2 )  b o o k .  T o  t h e  s a m e  
c a t e g o r y  p e r ta in s  P it z e r ’s ( 1 9 7 3 )  e q u a t io n  w h ic h  w e  u s e d  e x t e n s iv e ly  in  p a r t  I o f  
th is  p a p e r  ( B e n m e r g u i  et a l., 1 9 7 9 ) .  A s  P it z e r  &  M a y o r g a  ( 1 9 7 3 )  p o in t e d  o u t ,  
e q n  ( 1 )  is  a  s im p l if i c a t io n  o f  P it z e r ’s m o d e l  w h ic h  ta k e s  a d v a n t a g e  o f  th e  fa c t  
th a t  s o m e  p a r a m e t e r s  in  P i t z e r ’s ( 1 9 7 3 )  e q u a t io n  a r e  a c tu a l ly  c o r r e la t e d  a n d  
th a t  t h e  th ir d  v ir ia l c o e f f i c i e n t s  a r e  u s u a lly  n e g l ig ib le .  N o t w it h s t a n d in g  its  
s im p l ic i t y ,  e q n  ( 1 )  is  s t i ll  q u i t e  e f f e c t i v e  in  f i t t in g  d a ta  u p  t o  h ig h  c o n c e n t r a t io n s .

In  h is  p a p e r ,  B r o m le y  ( 1 9 7 3 )  e x a m in e d  o v e r  1 7 5  s t r o n g  e le c t r o ly t e  c o m 
p o u n d s  a n d  d e t e r m in e d  th e ir  s e c o n d  v ir ia l c o e f f i c i e n t s ,  B ,  a t  2 5 ° C  b y  th e
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F igure 1. N om ogram  fo r evaluating  the B  num ber.

m e t h o d  o f  le a s t  s q u a r e s .  C o m p o u n d s  e x a m in e d  in c lu d e d  1 - 1  ( e .g .  N a C l) ,  1 - 2  
( e .g .  K 2C O 3) ,  1 - 3  ( e .g .  N a 3P 0 4) ,  2 - 1  ( e .g .  C a C h ) ,  2 - 2  ( e .g .  M g S C b ) , 3 - 1  ( e .g .  
A l C h ) ,  3 - 2  ( e .g .  A l 2 ( S 0 4) 3) a n d  4 - 1  ( e .g .  T hC L t) ty p e ,  e l e c t r o ly t e s .  T h e  v a lu e s  
o f  B  r a n g e  f r o m  -  0 .4 7 9  k g /m o l -1 fo r  N a  c a p r a te  t o  0 .2 2 7  k g /m o l_1 fo r  
U 0 2 ( C 1 0 4)2. M o r e o v e r ,  h e  o b s e r v e d  a  v e r y  im p o r ta n t  c o r r e la t io n  a m o n g  th e s e  
v a lu e s  w h ic h  c a n  b e  s t a t e d  a s  fo l lo w s :
B  ~~ ^cation T  7?anion T  §cation • ^anion ( 3 )
N a m e ly ,  t h e  s e c o n d  v ir ia l  c o e f f i c i e n t  is  a n  a lm o s t  a d d it iv e  f u n c t io n  o f  th e  
in d iv id u a l  io n s ,  e x c e p t  fo r  a n  in t e r a c t io n  t e r m . T h is  c o m p o s i t io n  r u le  is p e r h a p s  
th e  m o s t  r e m a r k a b le  v ir tu e  o f  B r o m le y ’s ( 1 9 7 3 )  c la s s i f ic a t io n ,  s in c e  it  a l lo w s  
s y s t e m a t ic  e s t im a t io n  o f  aw l o w e r in g  p r o p e r t ie s  fo r  c o m p o u n d s  th a t  h a v e  n e v e r  
b e e n  m e a s u r e d .  In  s p e c ia l  g r a p h ic  f o r m , e q n  ( 3 )  r e v e a ls  a t  a  g la n c e  w h ic h  a r e  
th e  m o s t  fa v o u r a b le  a s s o c ia t io n s  o f  io n s  fr o m  th e  p o in t  o f  a w lo w e r in g  a b il ity .  
C o n s e q u e n t ly ,  a  n o m o g r a m  (F ig s .  1 a n d  2 )  w a s  d e v is e d ,  w h o s e  u s e  w ill  b e  b e s t  
e x p la in e d  w ith  tw o  e x a m p le s .  F ir s t , e q n  (3 )  is  r e - w r it t e n  in  o n e  o f  th e  e q u iv a le n t  
f o r m s ,

B  =  B +  +  B _ + ; B - +  — B -  +  8  + 8 -
}

B  =  B _  =  B + -  ; B + -  =  B +  +  8+  8 -
3 6

( 4 a )

( 4 b )



L e t  u s  s u p p o s e  w e  w a n t  t o  k n o w  w h ic h  is  th e  b e s t  a n io n  t o  b e  u s e d  in  a s s o c ia t io n  
w ith  t h e  M g ++ c a t io n  t o  d e p r e s s  a w . O b v io u s ly  it  is  t h e  o n e  w ith  th e  h ig h e s t  B-+  
in  e q n  ( 4 a ) .  T h e  n o m o g r a m  in  F ig . 1 a u t o m a t ic a l ly  a d d s  t o  B  th e  e f f e c t  o f  th e  
in t e r a c t io n  b e t w e e n  t h e  c h o s e n  c a t io n  a n d  a n y  o t h e r  p a r tn e r  in  s u c h  a  w a y  th a t  a  
s tr a ig h t  l in e  i s s u e d  fr o m  t h e  M g ++ c a t io n  ( in  th is  e x a m p le )  t o  it s  a s s o c ia t e d  
a n io n  in t e r s e c t s  th e  h o r iz o n t a l  a x is  a t  th e  c o r r e s p o n d in g  v a lu e  o f  B  -+ . T h u s , F ig . 
1 s h o w s  th a t  I “ (u )  is  a  b e t t e r  p a r t n e r  f o r  M g ++ th a n  N 0 3 - (b ) .

I f  o n e  h a s  t o  d e a l  w ith  a  s p e c i f i c  a n io n  th e  ta s k  is  to  f in d  th e  c a t io n  w h ic h  in  
a s s o c ia t io n  w ith  it , w i l l  g iv e  th e  h ig h e s t  B  v a lu e  a n d  th u s  th e  lo w e r  a w ( a t  s a m e  
io n ic  s t r e n g t h ) .  I n  th is  c a s e ,  F ig . 2  g iv e s  t h e  a n s w e r . F o r  in s t a n c e  t h e  n o m o g r a m  
in  F ig . 2  r e v e a ls  th a t  L i+ (b )  is  a  b e t t e r  p a r t n e r  fo r  C L  th a n  N a + ( a ) .  T h e  
n o m o g r a m s  o n ly  in c lu d e  c a t io n s  a n d  a n io n s  w h ic h  m a y  b e  c o n s id e r e d  a s  ‘f o o d  
a d d it iv e ’ l ik e  s p e c ie s  (w ith  s o m e  e x c e p t io n s  in c lu d e d  fo r  i l lu s tr a t io n ) .

T h e  n o m o g r a m s  a r e  s e l f  e x p la n a t o r y  a n d  n e e d  n o  m o r e  c o m m e n t s .  T h e y  
s u m m a r iz e  in  a p ic to r ia l  w a y  t h e  t e n d e n c y  o f  c a t io n s  a n d  a n io n s  to  e n h a n c e  o r  to  
d is r u p t  th e  s o lv e n t  s t r u c tu r e .  A  d is c u s s io n  o n  t h e s e  b a s is  h a s  b e e n  a d v a n c e d  b y  
P it z e r  &  M a y o r g a  ( 1 9 7 3 )  in  t h e  c o n c lu s io n s  o f  th e ir  p a p e r .  W e  s h a l l  n o t  r e p e a t  
it  s in c e  t h e  m a in  a im  o f  th e  p r e s e n t  w o r k  is  t o  e m p h a s iz e  t h e  p r a c t ic a l  a s p e c t s  o f  
t h e  q u e s t io n  r a th e r  th a n  t h e  p h y s ic o - c h e m ic a l  o n e s .  W e  m e r e ly  o b s e r v e  th a t  
s o m e  s tr ik in g  c o r r e la t io n s  c a n  b e  d r a w n  fr o m  th e  a f o r e m e n t io n e d  n o m o g r a m s .  
F o r  e x a m p le ,  t h e  tr e n d  e x h ib i t e d  b y  io n s  b e lo n g in g  t o  th e  s a m e  g r o u p  o f  th e  
p e r io d ic  t a b le ,  o r  th e  b e h a v io u r  o f  c o n s t a n t  B  w ith  th e  n u m b e r  o f  c a r b o n  a to m s  
in  th e  s o d iu m  s a lt s  o f  fa t ty  a c id s  (F ig .  3 ) .  I t  tu r n s  o u t  th a t  th e  o p t im u m  s iz e  o f  th e  
m o le c u le  w ith  r e g a r d  to  its  a w l o w e r in g  a b i l ity  c o r r e s p o n d s  t o  th e  b u ty r ic  
r a d ic a l .

A l l  th e  p r e v io u s  c o n s id e r a t io n s  f o c u s e d  o n  th e  B  n u m b e r  a s  o n e  o f  th e  
r e le v a n t  p a r a m e t e r s  c h a r a c te r iz in g  th e  a w lo w e r in g  a b i l ity  o f  a n  e le c t r o ly t e  a s  
I M F  a d d it iv e .  H o w e v e r  th is  p a r a m e t e r  a lo n e  is  n o t  s u f f ic ie n t .  In  fa c t ,  w h a t  w e  
a r e  lo o k in g  fo r  a re  c o m p o u n d s  w h ic h  a r e  a b le  t o  d e p r e s s  a w a t r e d u c e d  w e ig h t  
r a th e r  th a n  m o la l  c o n c e n t r a t io n s ,  s o  th e  ‘n a tu r a l’ c o m p o s i t io n  o f  th e  f in is h e d  
I M F  is  a l t e r e d  a s  l i t t le  a s  p o s s ib le .  C o n s e q u e n t ly ,  t h e  m o le c u la r  w e ig h t  o f  th e  
s o lu t e  is a ls o  a  p a r a m e t e r  o f  r e le v a n t  im p o r t a n c e .  F o r  e x a m p le ,  s o d iu m  b u t y 
r a te  ( m o l .w t  =  1 1 0 )  h a v in g  a  B  n u m b e r  a s  h ig h  a s  0 .1 5  k g  m o L 1 is a  ‘p o o r e r ’ 
a d d it iv e  -  in  th e  s e n s e  th a t  a  h ig h e r  w e ig h t  c o n c e n t r a t io n  is  n e e d e d  -  th a n  
s o d iu m  c h lo r id e  ( m o l .w t  =  5 8 .5 )  h a v in g  a  m u c h  lo w e r  B  ( 0 .0 5 7  k g  m o L 1) . In  
o r d e r  t o  s im p lify  t h e  s u r v e y  o f  s o lu t e s  fo r  I M F  w e  h a v e  p r e p a r e d  a  c h a r t  s h o w n  
in  F ig . 4  in  w h ic h  b o t h  B  a n d  m o le c u la r  w e ig h t  o f  t h e  c o m p o u n d  a r e  c o n s id e r e d  
t o g e t h e r ,  a n d  in  w h ic h  th e ir  r e la t iv e  c o n t r ib u t io n s  a r e  a d e q u a t e ly  d is p la y e d .  In  
F ig . 4  is  p lo t t e d  c a lc u la t e d  fr o m  e q n s  ( 1 )  a n d  ( 2 )  a s  a  f u n c t io n  o f  B  n u m b e r  
a n d  m o le c u la r  w e ig h t  ( m o l .w t )  a t a  f ix e d  c o n c e n t r a t io n  b y  w e ig h t ,  n a m e ly  2 0 %  
w /w  (w h ic h  c o r r e s p o n d  t o a n u w o f  a b o u t  0 .8 4  fo r  N a C l) .  T h is  c h o ic e  h o w e v e r ,  is  
n o t  r e le v a n t  a n d  c o u ld  b e  c h a n g e d  t o  a n y  o t h e r  c o n v e n ie n t  v a lu e  s in c e  F ig . 4  is  
o n ly  in t e n d e d  fo r  c o m p a r is o n  a m o n g  d i f f e r e n t  e l e c t r o ly t e s .  T h e  m o l .w t .  s c a le  is  
lo g a r i t h m ic  a n d  c o v e r s  th e  r a n g e  o f  m o s t  p r a c t ic a l  in te r e s t ;  o n ly  p o s i t iv e  B  
n u m b e r s  h a v e  b e e n  r e p r e s e n t e d  s in c e  w e  a r e  p r im a r ily  in t e r e s t e d  in  c o m p o u n d s
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F igure 2. N om ogram  for evaluating  the B  num ber.

F igure 3. E ffect o f num ber of carbon atom s on B  num ber for sodium  salts of various 
fatty acids.
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Figure 4 . Influence o f B  nu m ber and m ol.w t. on a w low ering ability of 1-1 and 2-1 
electrolytes.

F igure 5 . P red ic ted  w ater activity as a function of solute co ncen tra tion  for LiCl at 
25°C.
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w ith  h ig h  aw lo w e r in g  a b i l i t ie s .  T o  e a c h  t y p e  o f  e le c t r o ly t e  c o r r e s p o n d s  a  s e t  o f  
c u r v e s .  T h e  s e t s  f o r  1 - 1  a n d  2 - 1  s o lu t e s  h a v e  b e e n  s e p a r a t e d  fo r  c o n v e n ie n c e  
b u t  m a in ta in in g  th e  s a m e  v e r t ic a l  s c a le  fo r  aw. F ig . 4  a l lo w s  u s  t o  m a k e  u s e f u l  
p r e d ic t io n s  c o n c e r n in g  t h e  c h o ic e  o f  t h e  b e s t  aw lo w e r in g  e le c t r o ly t e  fo r  I M F ;  
th a t  is ,  t h e  o n e  w h ic h  is  a b le  t o  d e p r e s s  a w w ith  a  m in im u m  o f  a d d e d  s u b s t a n c e .  
P e r h a p s  th e  m o s t  im p o r ta n t  o n e  is  th a t  th e  r e la t iv e  in f lu e n c e  o f  B  n u m b e r  o n  aw 
lo w e r in g  ( a t  c o n s t a n t  w e ig h t  c o n c e n t r a t io n )  s tr o n g ly  d im in is h e s  w h e n  in c r e a s 
in g  m o le c u la r  w e ig h t .

E le c t r o ly t e s  o f  2 - 1  ty p e  e x h ib it  a  b e t t e r  r e la t io n  b e t w e e n  m o le c u la r  w e ig h t  
a n d  aw th a n  t h o s e  o f  1 - 1  ty p e ,  d u e  t o  th e ir  la r g e r  io n ic  s tr e n g th  a t  c o m p a r a b le  
m o la l i t y .  T h u s ,  M g C L  ( m o l .w t .  =  9 5 )  p e r fo r m s  b e t t e r  th a n  N a C l  in  p a r t  d u e  to  
its  g o o d  B  v a lu e ,  0 .1 1 3  k g  m o l ” 1, b u t  a ls o  b e c a u s e  o f  a  d o u b l in g  o f  its  io n ic  
s tr e n g th  a t  e q u a l  m o la l i t y .  I t f o l lo w s  th a t  w h e n  l o o k in g  f o r  n e w  s o lu t e s  ( e l e c t r o 
ly t e s )  f o r  I M F  o n e  s h o u ld  n o t  c o n s id e r  c o m p o u n d s  w ith  m o le c u la r  w e ig h t s  
a b o v e  c e r ta in  v a lu e s  in  o r d e r  t o  h a v e  r e a s o n a b le  c h a n c e s  o f  f in d in g  a  s u b s t a n c e  
w ith  t h e  d e s ir e d  p r o p e r t ie s .  F o r  e x a m p le ,  i f  w e  a c c e p t  a s  m a x im u m  B  n u m b e r  
th e  v a lu e  o f  0 .2 4  k g  m o l “ 1 ( t h is  p o in t  w ill  b e  d is c u s s e d  la t e r ) ,  th e r e  is  n o t  a n y  
1 - 1  e l e c t r o ly t e  o f  m o l .w t .  ^  9 0 ,  o r  2 - 1  e le c t r o ly t e  o f  m o l .w t .  >  1 6 0  w h ic h  c a n  
m a tc h  t h e  a w lo w e r in g  p r o p e r t ie s  ( o n  w e ig h t  b a s is )  o f  N a C l.  O f  c o u r s e ,  th is  
p r e s u p p o s e s  th a t  e l e c t r o ly t e s  w ith  a B  n u m b e r  h ig h e r  th a n  0 .2 4  K g  m o l ” 1 d o  n o t  
e x is t .  A l t h o u g h  th is  c a n  n o t  r ig o r o u s ly  b e  d e m o n s t r a t e d  it  is  s u p p o r t e d  b y  th e  
f o l lo w in g  fa c t . B r o m le y  ( 1 9 7 3 )  r e p o r t e d  in d iv id u a l  io n  v a lu e s  o f  B  a n d  8  fo r  
th ir t y - s ix  c a t io n s  a n d  fo r ty  a n io n s  ( o f  in o r g a n ic  a s  w e l l  a s  o f  o r g a n ic  n a t u r e ) . W e  
h a v e  w o r k e d  o u t  h is  d a ta  a n d  c a lc u la t e d  th e  B  v a lu e s  w h ic h  m a y  b e  e x p e c t e d  fo r  
a v e r y  la r g e  n u m b e r  o f  c o m b in a t io n s  o f  c a t io n s  a n d  a n io n s  ( l e a d in g  to  s e v e r a l  
h u n d r e d s  c o m p o u n d s )  a n d  f o u n d  th a t  th e  h ig h e s t  v a lu e  w a s  0 .2 2 7  k g  m o l “ 1 
c o r r e s p o n d in g  t o  U C ^ C I C U )? . T h u s , it  a p p e a r s  s a fe  t o  s a y  th a t  e l e c t r o ly t e  
c o m p o u n d s  w it h  a  B  v a lu e  h ig h e r  th a n  0 .2 4  ( u s e d  in  F ig . 4 )  a r e  n o t  l ik e ly  to  
e x is t ,  o r  i f  s o ,  t h e y  a re  u n l ik e ly  t o  b e  u s e d  a s  a  f o o d  a d d it iv e .

S u m m a r iz in g , in  lo o k in g  fo r  n e w  s o lu t e s  ( e l e c t r o l y t e s )  fo r  d e p r e s s in g  aw in  
I M F  o n e  s h o u ld  s e l e c t  c o m p o u n d s  o f  h ig h  B  v a lu e s  g u id e d  b y  t h e  n o m o g r a m s  o f  
F ig s . 1 a n d  2 . M o r e o v e r ,  o n e  s h o u ld  o n ly  try  e l e c t r o ly t e s  o f  m o l .w t .  b e lo w  
c e r ta in  v a lu e s  a s  in d ic a t e d  b y  F ig . 4 .  I t  is  im p o r ta n t  to  s tr e s s  th a t  th e r e  is  n o  h o p e  
t o  im p r o v e  o n  s o lu t e s  o f  h ig h  m o l .w t .  b y  l o o k in g  fo r  b e t t e r  B  v a lu e s .

G u id e d  b y  t h e s e  p r in c ip le s ,  a n  e x a m in a t io n  o f  a ll a v a i la b le  d a ta  le a d  u s  t o  th e  
f o l lo w in g  c o n c lu s io n .  I t is  u n l ik e ly  t o  f in d  a n o n - v o la t i l e  s in g le  e le c t r o ly t e  w h ic h  
m a y  b e  a b le  t o  d e p r e s s  n w a t  lo w e r  w e ig h t  c o n c e n t r a t io n s  th a n  L iC l  ( m o l .w t .  =
4 2 . 5 ,  B  =  0 .1 2 8  k g  m o l “ 1) , w h o s e  « „ - c o n c e n t r a t io n  c u r v e  is  s h o w n  in  F ig . 5 . O f  
c o u r s e ,  w e  a re  n o t  p r o p o s in g  t o  u s e  L iC l a s  a n  I M F  a d d it iv e ,  b u t  m e r e ly  s h o w in g  
th a t  n o  e le c t r o ly t e  f o o d  a d d it iv e  is  e x p e c t e d  t o  d e p r e s s  aw a t a  lo w e r  w e ig h t  
c o n c e n t r a t io n  th a n  in d ic a te d  in  F ig . 5 . F o r  in s t a n c e ,  a  1 2 .5 %  w /w  c o n c e n t r a t io n  
is n e e d e d  to  d e p r e s s  a ,v t o  0 .8 5 .  T h e r e  is n o  p o s s ib i l i t y  t o  b e a t  th is  v a lu e  a n d  
I M F  t e c h n o lo g y  s h o u ld  c o n s id e r  th is  a s  th e  ‘t h e o r e t i c a l ’ l im it  o f  « „  lo w e r in g  
a b il ity .
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A c k n o w l e d g m e n t s
T h e  a u th o r s  a c k n o w le d g e  th e  f in a n c ia l  s u p p o r t  fr o m  th e  S e c r e ta r ía  d e  E s t a d o  
d e  C ie n c ia  y  T e c n o lo g ía  d e  la  R e p ú b l ic a  A r g e n t in a  (P r o g r a m a  N a c io n a l  d e  
I n v e s t ig a c io n e s  e n  T e c n o lo g ía  d e  A l im e n t o s ) .
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C a n d i e s  a n d  O t h e r  C o n f e c t i o n s .  B y  M a r th a  T . G i l l ie s .
N e w  J e r s e y :  N o y e s  D a t a  C o r p o r a t io n ,  1 9 7 9 .  P p . X I  +  3 5 4 ,  U S  $ 3 6 .0 0 .

T h is  is  a n o t h e r  o f  t h e  w e l l  k n o w n  s e r ie s  o f  N o y e s  D a t a  C o r p o r a t io n  p u b l ic a 
t io n s  d e a l in g  w it h  t e c h n o lo g y  a n d  a p p a r a tu s , a n d  w ith  f o r m u la t io n  o f  o r ig in a l  
p r o d u c t s  d e s c r ib e d  in  th e  P a t e n t  l i t e r a tu r e .

T h e  t o p ic s  c o v e r e d  in c lu d e  c h o c o la t e  c a n d y , o t h e r  c a n d ie s ,  f r o z e n  d e s s e r t s ,  
o t h e r  d e s s e r t s  s u c h  a s  j e l l i e s ,  s ta r c h  b a s e d  m ilk  p u d d in g s  a n d  d r y  m ix e s ,  c o n f e c 
t io n e r y  in g r e d ie n t s ,  ic in g s  a n d  t o p p in g s ,  c h e w in g  g u m , a n d  s p e c ia l i t y  p r o d u c t s .  

F u ll  in d e x e s  b y  c o m p a n y ,  in v e n t o r  a n d  U .S .  p a t e n t  n u m b e r  a r e  in c lu d e d .  
T h e  p u b l ic a t io n ,  l ik e  th e  o th e r s  in  th e  s e r ie s ,  is  u s e f u l  fo r  r e f e r e n c e  p a r t ic u 

la r ly  f o r  t h o s e  e n g a g e d  in  n e w  p r o d u c t  f o r m u la t io n  a n d  in  R  &  D  s i t u a t io n s .

J. R . R o th w e ll

S t r a t e g y  f o r  t h e  U .K . D a ir y  I n d u s t r y .
R e a d in g :  C e n tr e  f o r  A g r ic u l tu r a l  S t r a te g y , U n iv e r s i t y  o f  R e a d in g .  1 9 7 8 ,  P p .  
1 8 6 .  £ 2 .9 5 .

I t  is  n o t  g e n e r a l ly  r e a l iz e d  th a t  t h e  U n i t e d  K in g d o m  is  o n e  o f  t h e  l e a d in g  
d a ir y in g  c o u n t r ie s  o f  th e  w o r ld , c o m in g  s ix th  a f t e r  U . S . A . ,  U .S .S .R . ,  F r a n c e ,  
I ta ly  a n d  P o la n d .  A l t h o u g h  o n ly  a  s m a ll ,  d e n s e ly  p o p u la t e d  i s la n d ,  w e  p r o d u c e  
m o r e  m ilk  a n d  m a k e  m o r e  c h e e s e  th a n  A u s t r a l ia ,  C a n a d a , o r  N e w  Z e a la n d .  
D a ir y  p r o d u c t s  a c c o u n t  f o r  1 5 %  o f  h o u s e h o ld  f o o d  c o s t s ,  c o n t r ib u t e  2 2 %  o f  
f o o d  e n e r g y  a n d  2 4 %  o f  p r o t e in .

T h e  p r e s e n t  s tr u c tu r e  o f  o u r  d a ir y  in d u s tr y  h a s  e v o lv e d  o v e r  m a n y  y e a r s  a n d  
is  b a s e d  m a in ly  o n  a  c o n s t a n t  a n d  fa ir ly  h ig h  l iq u id  c o n s u m p t io n ,  a ll  p r o d u c e d  a t  
h o m e ,  a n d  im p o r t a t io n  o f  m o s t  o f  o u r  b u t te r  a n d  a b o u t  h a l f  o r  o u r  c h e e s e .  
T h e r e  w a s  n o  p r o b le m  w ith  o u r  t r a d it io n a l  d a ir y  in d u s tr y ,  b e c a u s e  it  w a s  b a s e d  
o n  f a r m h o u s e  p r a c t ic e  a n d  p r o d u c e d  m ilk ,  c r e a m , b u t t e r  a n d  c h e e s e .  T h e r e  
w e r e  n o  w a s t e f u l  b y - p r o d u c t s  b e c a u s e  s k im  m ilk  a n d  w h e y  w e r e  id e a l  f o o d s  fo r  
p ig s  a n d  o t h e r  fa r m  a n im a ls .  I t i s  o u r  m o d e r n  la r g e  u n it  d a ir y  in d u s tr y  w h ic h  h a s  
c r e a t e d  t h e  w h e y  p r o b le m  a n d  p r o d u c e d  t h e  s k im m e d  m ilk  p o w d e r  m o u n ta in s .

I n  1 9 7 5  t h e  N u f f ie ld  F o u n d a t io n  e s t a b l i s h e d  a  C e n tr e  f o r  A g r ic u ltu r a l  
S t r a te g y  a t  R e a d in g  U n iv e r s i t y .  T h e  t e a m  u n d e r  P r o f e s s o r  J . C . B o w m a n  h a s  
n o w  p u b l i s h e d  Strategy fo r  the U .K . D airy In d u s try .  T h is  s t im u la t in g  b o o k  is  
p a c k e d  w it h  s t a t is t ic a l  in f o r m a t io n  a b o u t  t h e  in d u s tr y  a n d , i r r e s p e c t iv e  o f
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w h e t h e r  o n e  a g r e e s  w it h  th e  a u th o r s  o r  n o t ,  w i l l  b e  o f  t h e  g r e a t e s t  in t e r e s t  t o  a ll  
c o n n e c t e d  w ith  th e  d a ir y  in d u s tr y  in  th is  c o u n tr y . A s  m ig h t  b e  e x p e c t e d  fr o m  
th e  b a c k g r o u n d  o f  t h e  a u th o r s ,  t h e  r e p o r t  is  m a in ly  c o n c e r n e d  w ith  t h e  m ilk  
p r o d u c t io n  s id e  o f  th e  in d u s tr y ,  th e  c o m p o s i t io n  o f  m ilk  a n d  t h e  p r in c ip le  o f  th e  
m e t h o d  o f  u t i l iz a t io n .  I t  is  d iv id e d  in to  s ix  m a in  s e c t io n s ,  m ilk  in  th e  U .K .  
e c o n o m y ,  m ilk  a n d  t h e  n a t io n a l  in t e r e s t ,  m ilk  a n d  t h e  in d iv id u a l,  m ilk  p r o d u c 
t io n  a n d  p r o c e s s in g ,  t h e  p r o p o s e d  s t r a te g y  a n d  t h e  im p le m e n t a t io n  o f  th e  
s t r a te g y .

M ilk  is  t h e  m o s t  im p o r t a n t  s in g le  p r o d u c t  o f  fa r m s  in  t h e  U .K .  a n d  in  s p i t e  o f  
o u r  v e r y  e f f ic ie n t  d a ir y  in d u s tr y  w e  im p o r t  m u c h  o f  o u r  b u t te r  a n d  c h e e s e ,  t h e  
t w o  m o s t  im p o r ta n t  c o n s u m e r  m ilk  p r o d u c t s .  A f t e r  a  d e t a i le d  d is c u s s io n  o f  
w h a t  t h e  in d u s tr y  p r o d u c e s  in  m ilk  a n d  it s  p r o d u c t s ,  th e  a u th o r s  d is c u s s  t h e  d a ta  
in  r e la t io n  t o  th e  q u a n t i t ie s  o f  th e  th r e e  m a jo r  m ilk  in g r e d ie n t s  w h ic h  a re  
p r o d u c e d  ( la c t o s e ,  fa t  a n d  p r o t e in ) ,  th e ir  c o n t r ib u t io n  t o  o u r  c o n s u m p t io n  o f  
t h e  v a r io u s  d a ir y  p r o d u c t s  a s  a t  p r e s e n t ,  a n d  h o w  th is  w o u ld  b e  a f f e c t e d  b y  s u c h  
c h a n g e s  a s  a  r e d u c t io n  in  th e  c o n s u m p t io n  o f  l iq u id  m ilk ,  p a r t ia l  s k im m in g  o f  
r e ta i l  m ilk ,  r e d u c t io n  in  b u t t e r  c o n s u m p t io n  a n d  c h a n g e s  in  c h e e s e  c o n s u m p 
t io n .  T h e  o b v io u s  a n d  o u t s t a n d in g  f a c t  o f  o u r  p r e s e n t  m ilk  s u p p ly  is  th a t  w e  
p r o d u c e  m o r e  la c t o s e  th a n  r e q u ir e d  b u t  n o t  e n o u g h  fa t . E c o n o m ic a l ly  it w o u ld  
b e  d e s ir a b le  t o  s o  m o d i f y  th e  c o m p o s i t io n  o f  o u r  m ilk  th a t  th e  f a t  c o n t e n t  w o u ld  
b e  in c r e a s e d  a n d  t h e  la c t o s e  c o n t e n t  r e d u c e d ,  b u t  it w o u ld  ta k e  a  lo n g  t im e  to  
a c h ie v e  a n y  s u b s t a n t ia l  c h a n g e  in  th is  d ir e c t io n .

O n  th is  b a s is  th e  a u th o r s  s u g g e s t  a  s t r a te g y  fo r  th e  a m o u n t  a n d  t y p e  o f  m ilk  
th a t  s h o u ld  b e  p r o d u c e d  a n d  th e  u s e  th a t  s h o u ld  b e  m a d e  o f  it . T h e  s t r a te g y  is  
b a s e d  o n  th e  c o n c e p t  o f  s e l f - s u f f i c i e n c y ,  a n d  th e  a u th o r s  p o in t  o u t  th a t  fo r  e v e r y  
t o n n e  o f  b u t te r ,  2  t o n n e s  o f  u n w a n t e d  la c t o s e  a n d  p r o t e in  a r e  p r o d u c e d .  T h e  
d e m a n d  f o r  s k im m e d  m ilk  p o w d e r  is  l o w  a n d  th e  p r ic e  c o r r e s p o n d in g ly  p o o r .  
T h e  a u th o r s  c la im  th a t  b y  c h a n g in g  t h e  c o m p o s i t io n  o f  m ilk ,  a ll t h e  d e m a n d  fo r  
d a ir y  p r o d u c t s  in  t h e  U .K .  c o u ld  b e  m e t  b y  t h e  p r e s e n t  g r o s s  p r o d u c t io n  o f  m ilk .  
T h e y  c la im  th a t  t h e  p r o p o s e d  s tr a te g y  is  b io lo g ic a l ly  a n d  t e c h n o lo g ic a l ly  f e a s 
ib l e ,  w o u ld  n o t  r e q u ir e  a n y  in c r e a s e  in  a g r ic u ltu r a l  r e s o u r c e s ,  w o u ld  n o t  p r o 
d u c e  a n y  u n w a n t e d  b y - p r o d u c t s  a n d  w o u ld  h a v e  e c o n o m i c  a d v a n t a g e s .

D a ir y  t e c h n o lo g is t s  a n d  fa r m e r s  m a y  b e  s c e p t ic a l  in  r e s p e c t  o f  s o m e  o f  t h e s e  
c la im s . T h e  s t a t e m e n t  th a t  ‘t h e  b y - p r o d u c t s  fr o m  th e  m a n u fa c tu r e  o f  c h e e s e  
a n d  b u t te r  a r e  u n w a n t e d  a n d , i f  p o s s ib le ,  s h o u ld  n o t  b e  p r o d u c e d ’ , w ill  a p p e a r  
s t r a n g e  t o  t h e  d a ir y  t e c h n o lo g is t  t o d a y .  T h e r e  a r e  c o u n t le s s  w a y s  o f  u t i l iz in g  
m ilk  p r o t e in  a n d  la c t o s e  fo r  h u m a n  f o o d  o r  o t h e r  p r o d u c t s ,  a n d  th e  f o o d  a n d  
o t h e r  in d u s tr ie s  h a v e  o n ly  ju s t  s ta r te d  w o r k in g  s e r io u s ly  o n  t h e  p r o b le m . I f  
m ill io n s  o f  p o u n d s  c a n  b e  s p e n t  in  s u c c e s s f u l ly  p e r s u a d in g  p e o p l e  to  b u y  th in g s  
w h ic h  a r e  o f  l i t t le  v a lu e ,  o r  e v e n  h a r m fu l ,  s u r e ly  m o n e y  c o u ld  b e  s p e n t  o n  
p e r s u a d in g  th e m  t o  b u y  th in g s  w h ic h  a r e  b e n e f ic ia l!

In  o n e  s e n s e  th e  p r o p o s e d  s tr a te g y  h a s  a n  a ir  o f  u n r e a l it y  a b o u t  it . T h e  U .K .  
d a ir y  in d u s tr y  h a s  s e t t l e d  d o w n  o v e r  a  l o n g  p e r io d  t o  a  s y s t e m  o f  m ilk  p r o d u c 
t io n  in  t h e  g r a s s la n d  r e g io n s  o f  th e  c o u n tr y  w ith  a n  in e v i t a b le  s e a s o n a l  b u lg e  b u t  
a c o n s t a n t  d e m a n d  fo r  l iq u id  m ilk . T h e  in d u s tr y  h a s  s p e n t  v a s t  s u m s  in  m a k in g
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p r o v i s i o n  f o r  t h i s  s t a t e  o f  a f f a i r s  b y  b u i l d i n g  a n d  e q u i p p i n g  m a n u f a c t u r i n g  
c r e a m e r i e s ,  w h ic h  b e c o m e  m o r e  e c o n o m i c  a s  m i lk  p r o d u c t i o n  i n c r e a s e s  a n d  t h e  
r e l a t i v e  p r o p o r t i o n  o f  m i lk  a l l o c a t e d  t o  m a n u f a c t u r e  a l s o  i n c r e a s e s .  T h e  B r i t i s h  
f a r m e r  a n d  h o u s e w i f e  a r e  b o t h  v e r y  c o n s e r v a t i v e  in  o u t l o o k ,  a n d  th i s  o u t l o o k  
a n d  t h e  s t r u c t u r e  o f  t h e  d a i r y  i n d u s t r y  w il l  n o t  b e  a l t e r e d  in  a  h u r r y .  I t  m a y  b e  
p o s s i b l e  in  t i m e  t o  p r o d u c e  a  m i lk  m u c h  h i g h e r  in  f a t  a n d  m u c h  l o w e r  in  l a c t o s e ,  
b u t  s u c h  a  m i lk  w o u l d  c o s t  m o r e  t o  p r o d u c e .  M a n u f a c t u r e  is  a l r e a d y  c o n c e n 
t r a t e d  in  h ig h  p r o d u c t i o n  a r e a s ,  a n d  s t a n d a r d i z a t i o n  o f  t h e  f a t  c o n t e n t  w o u ld  
c o s t  m o n e y ,  a n d  h o m o g e n i z a t i o n  ( a n  i n e v i t a b l e  c o n s e q u e n c e )  is  a l s o  e x p e n s i v e  
a n d  g iv e s  a  p e c u l i a r  t a s t e  t o  m i lk .  I f  w e  a c c e p t  m e d i c a l  a n d  n u t r i t i o n a l  a d v ic e  to  
r e d u c e  o u r  c o n s u m p t i o n  o f  a n i m a l  f a t s ,  t h e  lo g ic a l  t h i n g  w o u l d  b e  t o  e a t  le s s  
b u t t e r  a n d  m o r e  s o f t  m a r g a r i n e  ( i .e .  c o n t a i n i n g  a  h ig h  p r o p o r t i o n  o f  p o l y u n 
s a t u r a t e d  f a t s ) .  M i lk  f a t  r e m a i n s  m i lk  f a t  in  w h a t e v e r  f o r m  i t  is  c o n s u m e d .  I f  
b u t t e r  c o n s u m p t i o n  w e r e  h a l v e d ,  o u r  h e a l t h  w o u ld  b e  i m p r o v e d  a c c o r d i n g  to  
s o m e  m e d i c a l  t h e o r i e s  a n d  t h e r e  w o u ld  b e  n o  n e e d  t o  e f f e c t  a n y  m a j o r  c h a n g e  in  
t h e  c o m p o s i t i o n  o f  o u r  m i lk  s u p p ly .  H o w e v e r ,  n o t  a l l  s p e c i a l i s t s  a c c e p t  t h i s  
t h e o r y  a n d  t h e  R o y a l  C o l l e g e  o f  P h y s ic i a n s  R e p o r t  is  v e r y  g u a r d e d  in  i ts  
c o n c lu s io n s .  F o r  m o s t  p e o p l e  m i lk  f a t  c o n s t i t u t e s  o n ly  a b o u t  o n e  t h i r d  o f  t h e  
t o t a l  f a t  i n t a k e .

O n e  t o p i c  w h ic h  s h o u l d  b e  c o n s i d e r e d  in  a n y  s t r a t e g y  f o r  B r i t i s h  a g r i c u l t u r e  is  
t h a t  o f  s e l f  s u f f i c i e n c y  in  f o o d  p r o d u c t i o n .  T h e  a s p e c t  w h ic h  is  o f  p e r e n n i a l  
i n t e r e s t  in  t h i s  r e s p e c t  is  w h e t h e r  w e  s h o u l d  p r o d u c e  a l l  o r  a t  l e a s t  a s  m u c h  a s  
p o s s i b l e  o f  o u r  f o o d  f r o m  p l a n t s .  I t  is  e a s y  t o  q u o t e  f i g u r e s  s h o w in g  t h e  g r e a t e r  
a m o u n t s  o f  f o o d  w h ic h  c a n  b e  p r o d u c e d  in  th i s  w a y ,  f o r  e x a m p l e  tw o  t o n n e  o f  
c e r e a l s  a n d  u p  t o  2 0  t o n n e s  o f  r o o t s  p e r  a c r e  c o m p a r e d  w i t h  t h e  m u c h  s m a l l e r  
a m o u n t s  o f  a n i m a l  f o o d s  p r o d u c e d .  T h e  c o n v e r s i o n  e f f i c i e n c ie s  f o r  p a s s i n g  
p l a n t  f o o d s  t h r o u g h  a n i m a l s  v a r y  f r o m  5 t o  3 0 % ,  b u t ,  a p a r t  f r o m  e n e r g y ,  t h e  
b a l a n c e  o f  n u t r i e n t s  n o t  u t i l i z e d  t o  p r o d u c e  a n i m a l  f o o d  is  r e t u r n e d  t o  t h e  s o i l .  
T h e  d a i r y  c o w  s c o r e s  h ig h ly  in  th i s  r e s p e c t  w i th  a  c o n v e r s i o n  e f f i c i e n c y  o f  a b o u t  
2 5 % .

A g r i c u l t u r a l i s t s  a n d  e c o n o m i s t s  t e n d  t o  c la s s i f y  f o o d s  a s  p l a n t  o r  a n i m a l ,  b u t  
t h e  c o n s u m e r  t h i n k s  o f  f o o d  in  t e r m s  o f  w h a t  h e  l ik e s .  A l t h o u g h  t h e  B r i t i s h  
d a i r y  i n d u s t r y  m a y  n o t  w a x  e n t h u s i a s t i c  a b o u t  t h e  p r o p o s a l s  o f  th i s  b o o k ,  w e  
s h o u l d  a l l  b e  g r a t e f u l  t o  P r o f e s s o r  B o w m a n  a n d  h i s  c o l l e a g u e s  f o r  g iv in g  u s  s u c h  
a  s t i m u l a t i n g  a n d  p r o v o c a t i v e  w o r k .

J .  G .  D a v i s

L i p i d s  a s  a  S o u r c e  o f  F l a v o r .  A .C .S .  S y m p o s i u m  S e r i e s  N o .  7 5 .  E d .  b y  M . K . 
S u p r a n .
W a s h i n g t o n :  A m e r i c a n  C h e m i c a l  S o c ie ty ,  1 9 7 8 .  P p .  ix  +  U S  $ 1 7 .5 0 .

T h i s  v o l u m e  is  a  c o l l e c t i o n  o f  e i g h t  p a p e r s  p r e s e n t e d  a t  a  s y m p o s i u m  h e l d  in  
C h i c a g o  i n  A u g u s t  1 9 7 7 .  I t  is  a  p o t - p o u r r i  o f  a r t i c l e s  r a n g i n g  f r o m  a  s t r a i g h t 
f o r w a r d  e x p e r i m e n t a l  r e p o r t  o f  a  s y n t h e s i s  o f  j a s m i n e - l i k e  s u b s t a n c e s  t o  a  
w i d e - r a n g i n g  c o n t r i b u t i o n  o n  s o y b e a n ,  o i l  a n d  m e a l .
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I t  s u f f e r s  f r o m  t h e  d i s a d v a n t a g e  o f  a l l  s y m p o s i u m  p r o c e e d i n g s  in  t h a t  i t  

c a n n o t  b e  u s e d  e a s i ly  a s  a  s t u d e n t  t e x t  b e c a u s e ,  t h o u g h  i t  g iv e s  m o s t  o f  t h e  b a s i c  
t h e o r y  a n d  e q u a t i o n s ,  t h e y  a r e  s c a t t e r e d  o v e r  tw o  o r  t h r e e  c h a p t e r s .

T h e  c h a p t e r  o n  p o s i t i v e  a n d  n e g a t i v e  f o o d  f l a v o u r  c o n t a i n s  s e v e r a l  u s e f u l  
t a b l e s  ( s o m e  a  l i t t l e  c o n f u s i n g )  w h ic h  s h o w  t h e  m a j o r  c l a s s e s  o f  m o l e c u l e s  g iv in g  
r i s e  t o  f l a v o u r  a n d  h o w  t h e  f l a v o u r  a l t e r s  w i t h  i n c r e a s i n g  c h a i n  l e n g t h .  T h e  
c h e m i s t r y  o f  d e e p  f a t  f r i e d  f l a v o u r  is  c o v e r e d  w e l l  in  tw o  c h a p t e r s  d e a l i n g  w i th  
c o r n ,  s o y b e a n  a n d  c o c o n u t  o i l s ,  t r i l i n o l e i n ,  a n d  t r i o l e i n .

O n e  o f  t h e  c h a p t e r s  d e a l s  w i th  t h e  e x p e r i m e n t a l  a n a ly s i s  o f  v o l a t i l e s  w h ic h  is  
v a l u a b l e  b u t  s o m e  m o r e  r e c e n t  w o r k  w i t h  H P L C  h a s  w i d e n e d  t h e  h o r i z o n s  o f  
t h i s  w o r k .

T h e  a r t i c l e  o n  o x i d a t i o n  o f  l i p id s  c o u l d  h a v e  b e e n  p l a c e d  f i r s t  t o  g o o d  e f f e c t  a s  
i t  e x p l a i n s  c l e a r l y  t h e  b a s i c  m e c h a n i s m s  o f  h y d r o p e r o x i d e  f o r m a t i o n  a n d  i ts  
s u b s e q u e n t  d e c o m p o s i t i o n .  T h i s  c h a p t e r  a l s o  d i s c u s s e s  t h e  l i p id  o x i d a t i o n  in  
v a r i o u s  f l e s h  f o o d s .

T h e  f i n a l  c h a p t e r  d e a l s  w i th  t h e  m i c r o b i o l o g i c a l  b r e a k d o w n  o f  l i p id s  f r o m  t h e  
e f f e c t  o f  l i p a s e s  t o  t h e  d e c o m p o s i t i o n  o f  i n d i v i d u a l  f a t t y  a c id s .

T h i s  b o o k  w il l  f i n d  f a v o u r  w i th  t h e  s p e c i a l i s t  i n  t h e  f o o d  i n d u s t r y  w h o  h a s  to  
d e a l  w i t h  t h e  c o m p l i c a t e d  f o r m a t i o n  o f  f l a v o u r s  w h e n  f a t s ,  a m i n o  a c id s  a n d  
s u g a r s  c o m e  i n t o  c o n t a c t  u n d e r  o x i d a t i v e  c o n d i t i o n s .  A p a r t  f r o m  a  f e w  m i n o r  
m i s p r i n t s ,  t h e  b o o k  is  a d e q u a t e l y  p r e s e n t e d  a n d  a t  $ 1 7 .5 0  is  a  r e a s o n a b l e  b u y .

R. J. Hamilton

P r o g r e s s  i n  F l a v o u r  R e s e a r c h .  E d .  b y  D .  G .  L a n d  &  H .  E .  N u r s t e n .  
L o n d o n :  A p p l i e d  S c i e n c e  P u b l i s h e r s  L t d .  P p .  x iv  +  3 7 1 .  £ 2 2 .0 0 .

T h i s  b o o k  c o m p r i s e s  t h e  t h i r t y  p a p e r s  p r e s e n t e d  a t  t h e  s e c o n d  W e u r m a n  
F l a v o u r  R e s e a r c h  S y m p o s i u m  h e l d  a t  t h e  U n i v e r s i t y  o f  E a s t  A n g l i a ,  E n g l a n d ,
2 - 6  A p r i l ,  1 9 7 8 .  T h e  n u m b e r  o f  p a r t i c i p a n t s  a t  t h i s  s y m p o s i u m  w a s  r e s t r i c t e d  
( t h e  w o r d  is  t h e  e d i t o r s ’ o w n )  t o  s e v e n t y - f i v e .  I t  is  g o o d  t h a t  t h e  f o r m a l  p a p e r s  
s h o u l d  h a v e  a  w i d e r  a u d i e n c e .

T h e  l a y o u t  a n d  p r e s e n t a t i o n  o f  t h e  p a p e r s  is e x c e l l e n t ;  e a c h  o n e  is  s e t  in  t h e  
s a m e  t y p e - f a c e  a n d  t h e  p r o o f s  a p p e a r  t o  h a v e  b e e n  e x a m i n e d  c a r e f u l l y — m u c h  
t o  t h e  e d i t o r s ’ c r e d i t .  T h e  s t a n d a r d  o f  t h e  p a p e r s  is ,  a l m o s t  u n i f o r m l y ,  v e r y  h ig h .

O f  p a r t i c u l a r  i n t e r e s t  is t h e  t h i r t i e t h  a n d  l a s t  p a p e r  in  w h ic h  P r o f e s s o r  
N u r s t e n  r e v i e w s  p r o g r e s s  in  f l a v o u r  r e s e a r c h  s in c e  t h e  f i r s t  W e u r m a n  S y m 
p o s i u m  in  1 9 7 5 .  H e  u s e s  m a n y  o f  t h e  o t h e r  p a p e r s  t o  c h a r t  t h i s  p r o g r e s s  —  
p e r h a p s  h e  s a w  t h e  p r e p r i n t s .  T h e  p r o g r a m m e  w a s  p l a n n e d  t o  c o v e r  r e c e n t  
d e v e l o p m e n t s  in  f o u r  m a j o r  a r e a s :  s e n s o r y  a s p e c t s ,  a n a l y t i c a l  a n d  i n s t r u m e n t a l  
t e c h n i q u e s ,  f o r m a t i o n  o f  f l a v o u r  s u b s t a n c e s  a n d  a s p e c t s  r e l a t i n g  t o  c o n s u m e r  
q u a l i t y .

T h e  p a p e r s  a r e  in  f a c t  p r e s e n t e d  in  o r d e r  o f  t h o s e  f o u r  to p i c s ,  lo g ic a l ly  
e n o u g h ,  b u t  a  l i t t l e  e x p l a n a t i o n  o f  t h i s  a r r a n g e m e n t  i n t o  to p ic s  w o u ld  p e r h a p s
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h a v e  m a d e  t h e  b o o k  e v e n  m o r e  u s e f u l  t o  s t u d e n t s  a n d  o t h e r s  n o t  a l r e a d y  
f a m i l i a r  w i t h  f l a v o u r  c h e m i s t r y .

A m o n g  t h e  p a p e r s  c o v e r i n g  s e n s o r y  a s p e c t s ,  J .  F .  C l a p p e r t o n  d e s c r i b e s  
v a r i o u s  t e c h n i q u e s  u s e d  in  t h e  s e n s o r y  c h a r a c t e r i z a t i o n  o f  b e e r s .  D .  G .  L a i n g  
a n d  H .  P a n h u b e r  i n c l u d e  a  f a s c i n a t i n g  r e v i e w  o f  r e c e n t  p h y s i o l o g i c a l  &  a n a t o m 
ic a l  s t u d i e s  o f  o d o r a n t  a n d  o l f a c t o r y  c e l l  i n t e r a c t i o n .  B a s i c  p h y s i c a l  c h e m i s t r y  is  
n o t  n e g l e c t e d  b y  D .  G .  L a n d ,  o n e  o f  t h e  e d i t o r s ,  i n  r e l a t i n g  R a o u l t ’s L a w ,  a n d  
d e v i a t i o n s  f r o m  i t ,  t o  t h e  c o n c e n t r a t i o n  o f  f l a v o u r  v o l a t i l e s  a b o v e  f o o d s .

I n  t h e  s e c t i o n  o n  a n a l y t i c a l  a n d  i n s t r u m e n t a l  t e c h n i q u e s  R .  S e l f  g iv e s  a  
c o m p r e h e n s i v e  r e v i e w  o f  d e v e l o p m e n t s  in  m a s s - s p e c t r o m e t r y .  A .  M . H u m p 
h r e y  d e s c r i b e s  s o m e  v e r y  r e l e v a n t  e x a m p l e s  o f  t h e  u s e  o f  n i t r o g e n  s p e c i f i c  
( N P D )  g a s - c h r o m a t o g r a p h i c  d e t e c t o r  a n d  h e  a l s o  r e m i n d s  t h e  r e a d e r  t h a t  g a s  
a n d  t h i n - l a y e r  c h r o m a t o g r a p h y  a r e  n o t  i n c o m p a t i b l e  t e c h n i q u e s .  S . E v a n s  a n d  
R .  S k i n n e r  d e s c r i b e  n e g a t i v e / p o s i t i v e  i o n  c h e m i c a l  i o n i z a t i o n  m a s s -  
s p e c t r o m e t r y ,  a l t h o u g h  t h e  r e l e v a n c e  t o  f l a v o u r  r e s e a r c h  is  n o t  s t a t e d .

T h e r e  a r e  e l e v e n  p a p e r s  o n  t h e  f o r m a t i o n  o f  f l a v o u r  s u b s t a n c e s ,  a n d  t h r e e  
d i f f e r e n t  a u t h o r s  c o n s i d e r  in  s o m e  d e p t h  t h e  f o r m a t i o n  o f  f l a v o u r  c o m p o n e n t s  
b y  c h e m i c a l  a n d  b i o s y n t h e t i c  r o u t e s  a n d  b y  m i c r o - o r g a n i s m s .  T h e r e  a r e  t h e n  
s o m e  p a p e r s  o n  s p e c i f i c  t y p e s  o f  f o o d  e .g .  G .  G .  F r e e m a n  o n  t h e  g r o w t h ,  s t o r a g e  
a n d  p r o c e s s i n g  o f  v e g e t a b l e s  a n d  J .  P .  D u m o n t  a n d  J .  A d d a  o n  f l a v o u r  f o r m 
a t i o n  in  d a i r y  p r o d u c t s .  P .  A .  T .  S v o b o d a  a n d  K . E .  P e e r s  p r o p o s e  a  m e c h a n i s m  
f o r  t h e  f o r m a t i o n  o f  m e t a l l i c  t a i n t s  b y  s e l e c t i v e  l i p id  o x i d a t i o n .

C o n s u m e r  q u a l i t y  is  m o r e  d i f f i c u l t  t o  d e f i n e ,  p a r t i c u l a r l y  i f  i t  is  t o  b e  k e p t  
s e p a r a t e  f r o m  t h e  f i r s t  g r o u p  o f  p a p e r s  o n  s e n s o r y  a s p e c t s .  T h i s  is  r e f l e c t e d  in  
t h e  s m a l l e r  n u m b e r  o f  p a p e r s  a l t h o u g h  t h o s e  b y  A .  A .  W i l l i a m s  o n  f r u i t  q u a l i t y  
a n d  D .  N .  R h o d e s  o n  m e a t  f l a v o u r  a r e  r e l e v a n t  a n d  i n t e r e s t i n g .  A n  e a r l i e r  
p a p e r  b y  P .  B o o t h  d e s c r i b e s  t h e  p r o b l e m s  t o  b e  o v e r c o m e  w h e n  t h e  c o n s u m e r s  
a r e  c a t s  o r  d o g s .

T h e  b o o k  e n d s  w i t h  a n  in d e x .  T h i s  is  a  g o o d  i d e a  b u t  i t  is  n o t  c o m p r e h e n s i v e  
a n d  t h u s  c o u l d  b e  m is l e a d i n g .  F o r  e x a m p l e :  o c t a - 1 ,  c i s - d i e n - 3 - o n e  is  l i s t e d  b o t h  
u n d e r  i t s  o w n  n a m e  a n d  u n d e r  d a i r y  p r o d u c t s ,  w h i le  2 - n o n e n a l  w h ic h  is  m e n 
t i o n e d  in  a t  l e a s t  tw o  p a p e r s  g e t s  n o  r e f e r e n c e .

I t  h a s  o n ly  b e e n  p o s s i b l e  t o  m e n t i o n  a  f e w  o f  t h e  t h i r t y  p a p e r s  b u t  t h a t  is  n o  
c r i t i c i s m  o f  t h e  o t h e r s .  D e s p i t e  o n e  o r  t w o  m i n o r  q u a l i f i c a t i o n s  t h e  r e v i e w e r  
t h o r o u g h l y  r e c o m m e n d s  th i s  w e l l - p r o d u c e d  b o o k  t o  a l l  r e a d e r s  w h o  h a v e  a n y  
i n t e r e s t  i n  f l a v o u r  c h e m i s t r y  —  f r o m  s t u d e n t  t o  r e s e a r c h  w o r k e r .

J .  T .  D a v i e s

S a v i n g  o f  e n e r g y  in  t h e  p r o d u c t i o n  o f  c o l d .
P a r i s :  I n t e r n a t i o n a l  I n s t i t u t e  o f  R e f r i g e r a t i o n ,  1 9 7 8 .  P p .  2 6 7 .  F F r  5 0 .

‘W h i l e  I  w o u l d  n o t  w is h  t o  s p l i t  h a i r s ’ , s a id  G .  L o r e n t z e n ,  P a s t  P r e s i d e n t  o f  t h e  
S c ie n t i f i c  C o u n c i l  o f  H R  in  h i s  c o n c l u d i n g  s u m m a r y  o f  t h e  m e e t i n g  o f  C o m m i s 



652 B o o k  re v ie w s
s io n  B 2  ( R e f r i g e r a t i n g  M a c h i n e r y )  a t  D e l f t  i n  S e p t e m b e r  1 9 7 8 ,  ‘w e  c a n n o t  s a v e  
e n e r g y  s in c e ,  a c c o r d i n g  t o  t h e  f i r s t  l a w  o f  t h e r m o d y n a m i c s ,  i t  d o e s  n o t  d i s a p p e a r  
a n d  is  m e r e l y  c h a n g e d  i n t o  o t h e r  f o r m s .  I n  m o r e  c o n c r e t e  t e r m s ,  w e  c a n  s a v e  
f u e l ’ . T h e  p a p e r s  a n d  d i s c u s s io n s  o f  t h a t  m e e t i n g  h a v e  b e e n  p u b l i s h e d  u n d e r  
t h r e e  h e a d i n g s ,  n a m e l y ,  ‘I m p r o v e m e n t  o f  c u r r e n t  R e f r i g e r a t i n g  S y s t e m s ’ 
( t w e l v e  p a p e r s ) ,  ‘A p p l i c a t i o n  o f  E n e r g y  S a v in g  M e t h o d s  t o  R e f r i g e r a t i o n ’ 
( t h r e e  p a p e r s ) ,  ‘U n o r t h o d o x  S y s te m s  o f  R e f r i g e r a t i o n ’ ( s ix  p a p e r s ) .

D i s r e g a r d i n g  c o r r e c t  t e r m i n o l o g y ,  o n ly  a b o u t  2 %  o f  t h e  W o r l d ’s e n e r g y  
d e m a n d  is  s p e n t  o n  r e f r i g e r a t i o n  in c l u d i n g  a i r  c o n d i t i o n i n g .  I t  t h e r e f o r e  
a p p e a r s  d o u b t f u l  w h e t h e r  f o o d  t e c h n o l o g i s t s  a n d  b i o l o g i s t s  w il l  b e  a b l e  t o  
c o n t r i b u t e  s ig n i f i c a n t ly  t o  f u e l  s a v in g s .  I t  is  r a t h e r  t h e  r e t a i l e r  a n d  c o n s u m e r  
w h o  w il l  h a v e  t o  b e  e d u c a t e d  t o  u s e  a p p l i a n c e s  m o r e  e c o n o m i c a l l y  a n d  t o  b u y  
f u e l  s a v in g  a p p l i a n c e s  r a t h e r  t h a n  b e i n g  t e m p t e d  b y  a  lo w  p u r c h a s e  p r i c e .  
U n l e s s  n e w  w a y s  w il l  b e  d i s c o v e r e d  t o  m a k e  p o t e n t i a l  n e w  s o u r c e s  o f  e n e r g y  
a v a i l a b l e ,  e x t e n s i v e  s a v in g s  o f  e n e r g y  a r e  t h e  o n ly  a n s w e r  t o  t h e  s e v e r e  s h o r t a g e  
w h ic h  is  b o u n d  t o  o c c u r  in  t h e  n i n e t i e s .

F .  L e v y

B o o k s  r e c e i v e d

T h e  V a l u e  o f  F o o d .  B y  P . F i s h e r  a n d  A .  B e n d e r .
O x f o r d :  O x f o r d  U n i v e r s i t y  P r e s s ,  1 9 7 9 .  P p .  x  +  2 0 8 .  £ 5 . 0 0 ,  P a p e r b a c k  £ 2 .2 5 .

T h i s  is  t h e  t h i r d  e d i t i o n  o f  a n  i n t r o d u c t o r y  t e x t b o o k  o n  n u t r i t i o n  i n t e n d e d  f o r  
s t u d e n t s  o f  h o m e  e c o n o m i c s ,  s o c ia l  s c i e n c e ,  f o o d  t e c h n o l o g y  a n d  h o t e l  a n d  
i n s t i t u t i o n a l  m a n a g e m e n t .  I t  h a s  b e e n  r e v i s e d  a n d  b r o u g h t  u p  t o  d a t e .

T h e  I m p o r t a n c e  o f  V i t a m i n s  t o  H u m a n  H e a l t h .  E d .  B y  T .  G .  T a y l o r .  
L a n c a s t e r :  M T P  P r e s s ,  1 9 7 9 .  P p .  x i i i  +  1 7 8 .  £ 7 .9 5 .

P r o c e e d i n g s  o f  a  s y m p o s i u m  h e l d  in  L o n d o n  in  1 9 7 8 .

R e p o r t  o f  t h e  G o v e r n m e n t  C h e m i s t  1 9 7 8 .
L o n d o n :  H  M  S O ,  1 9 7 9 .  P p .  1 7 0 .  £ 4 .2 5 .
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From the CRC Press
H a n d b o o k  o f  N u tritio n  a n d  F ood
A  c o m p r e h e n s iv e  d a t a  b a n k  f o r  
e x p e r i m e n t a l  a n d  a p p l i e d  h u m a n ,  a n im a l ,  
m ic r o b ia l  a n d  p l a n t  n u t r i t i o n

E d i t e d  b y  M . R e c h c ig l
CRC H andbo ok  o f N u tritio n  and F oo d  is an ex 
panding series p lanned  to  include m ajor areas o f 
n u tr itio n  and food  science. T his m o n um en tal 
w ork  is being carefu lly  com piled  by Dr. R ech
cigl and h un d red s  o f qua lified  co n trib u to rs .
Each ch ap te r is ob jectively  critic ized  by select 
m em bers o f a d is tingu ished , 20 -m em ber ad 
visory board  o f ex perts.
Due to  th e  phenom enal g row th  o f th e  field , n u t 
ritional d a ta  is sca tte red  in literally  th o u san d s o f 
period icals and m on ograph s, m any o f w hich are 
n o t easily accessible o r even com m o n ly  id en ti
fied w ith  n u tr itio n . This ready reference source 
o f cu rren t in fo rm atio n  covers experim en ta l and 
applied  hum an, an im al, m icrob ial and p lan t 
n u tr itio n , all p resen ted  in concise tab u la r, 
graph ic and narrative form  and indexed  fo r 
easy use.

In ad d itio n  to  supply ing specific d a ta , th e  co m p re 
hensive, in te rd iscip linary  and com parative  na tu re  
o f  th is  series provides th e  user w ith  a good over
view o f th e  sta te-o f-the-art, p inp o in ting  gaps in 
nu tritio n a l know ledge and providing a sound  
basis fo r fu rth e r  research . T he h an d b o o k  e n 
ables th e  researcher to  an alyze d a ta  in various 
living system s fo r co m m on a lity  o r basic d if
ferences. An applied  sc ien tis t o r techn ic ian  m ay 
evaluate a given prob lem  and its so lu tions from  
th e  b ro ad est possible poin t-of-v iew , including 
aspects o f agronom y, c rop  science, anim al hus
ban d ry , aq u acu ltu re  and fisheries, ve terinary  
m e d ic in e ,  clinical m e d ic in e  p a tho logy , para
sito logy , tox ico logy , pha rm aco logy , th e ra 
peu tics , d ie te tics , food  science and techno lo g y , 
physio logy , zoology, b o ta n y , b iochem istry , 
developm enta l and cell m icrob io logy , san ita 
tio n  pest co n tro l, econom ics, m arketing , 
sociology, an th ro p o log y , na tura l resources, eco 
logy, en v ironm en tal science, pop u la tio n , law, 
po litics, nu tritio n a l and foo d  m e thodo lo g y  and 
others.
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V o lu m e  1 . C o m p a r a t iv e  a n d  Q u a l i t a t iv e  
R e q u i r e m e n t s .  1 9 7 8 .  5 7 6  p a g e s .  £ 5 0 .2 5

Section E: Nutritional Disorders
V o lu m e  1 . E f f e c t  o f  N u t r i e n t  E x c e s s e s  
a n d  T o x ic i t i e s  in  A n im a ls  a n d  M a n .
1 9 7 9 .  5 2 0  p a g e s .  £ 5 5 .2 5
V o lu m e  2 . E f f e c t  o f  N u t r i e n t  D é f ic ie n c e s  
in  A n im a ls .  1 9 7 9 .  5 4 8  p a g e s .  £ 5 5 .2 5
V o lu m e  3 . E f f e c t  o f  N u t r i e n t  D é f ic ie n c e s  
in  M a n . 1 9 7 9 .  3 8 8  p a g e s . £ 4 5 .0 0
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V o lu m e  1. D ie ts ,  C u l tu r e  M e d ia  a n d  
F o o d  S u p p le m e n t s .  1 9 7 8 . 6 7 2  p a g e s . 
£ 5 4 .0 0
V o lu m e  2 . F o o d  H a b i ts  a n d  D ie ts  f o r  
I n v e r t e b r a t e s  a n d  V e r t e b r a t e s :  Z o o  
D ie ts .  1 9 7 8 .  4 8 0  p a g e s . £ 4 3  2 5
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Section A: Science of Nutrition and Food 
Section B: Part 1 — Living Organisms, their Distri
bution, Ecology, Productivity and Chemical Con
stitution
Section B: Part 2 — Feeding, Digestion, Absorption 
and Transport
Section C: Nutrients and their Metabolism 
Section E: Food Composition, Digestibility and 
Biological Value
Section H: State of World Food Nutrition 
Section I: Food Safety, Spoilage, Wastes,
Preservation and Regulation 
Section J: Production, Utilization and Nutritive 
Value of Foods
Section K: Nutrition and Food Methodology

Blackwell scientific Publications
(if)



Journal of Consumer Studies 
and Home Economics

C O N T E N T S
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C onsum er research . A n in trodu ction  to the following paper.
E ir lv s  R o b er ts
C onsum er research  
J o v c e  E p ste in
Building re la ted  hom e accidents: a p relim inary  study 
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Technical develop m ent of household  appliances—fo r th e  benefit of 
consum ers o r p roducers?  A  case study o f the  use of electric ranges and 
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C om m unity  noise— how  m uch of a p roblem ?
M . J. P arrv
H om e econom ics: a socio-practical field 
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Solar energy panels: legal aspects 
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In tro d u c tio n  to  t h e  P rincip les a n d  P rac tice  o f  Soil Science
R . E . W h ite
Lecturer in Soil Science, University of Oxford
This lucid and highly illu stra ted  new  te x t  in troduces basic 
co ncep ts  o f soil p roperties and behaviour to  s tu d en ts  in 
ten d in g  to  pursue an intensive s tudy  of th e  soil, and also 
provides a generalized p ic tu re  o f th e  in te rrela tions be
tw een  soil, landscape, p lants and m an fo r those  whose 
m ain in te rest lies in ag ricu ltu re, fo re s try , ecology or 
geography . T he clarity  o f th e  a u th o r 's  ex positio n  and th e  
a ttrac tiv e  design o f th e  book  m ake it an ideal te x t  for 
s tu d en ts  and a firm  base on w hich to  build  th e ir  fu tu re  
studies.

1979. 204 pages, 142 illustrations. Paper, £8 .50
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Soil fo rm atio n
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Plant Health and Q u a r a n t i n e  i n  
International Transfer of Genetic 
Resources
E dited  by W.B. H ew itt and  L. C hiarappa. 1979. 
3 52  pages. £ 4 8 .0 0
C o n ten ts: P a th o lo g ica l;  E n to m o lo g ic a l m e th o d s  
fo r d e tec tio n  and co n tro l of seed-borne fungi 
and bacteria; S eed-borne viruses; Banana; 
Cashew; Cassava; C itrus; C ocoa; C ocon u t; 
C offee; D ate palm ; G rapevine and tem p era te  
fru its ; Oil palm; O rnam ental bulbs and corm s; 
Fungi, bacteria  and insect pests; O rnam ental 
p o ta to :  v iru ses  a n d  m ycom plasm a-like organ
ism s; R ubber; Small fru its ; Sugarcane; Sw eet 
p o ta to ; Tea; P lan t q u a ran tine : princip les,
m e th od o lo gy , and suggested approaches; Q uar
an tin e  po licy  for seed in tran sfe r o f genetic  re 
sources; P ost-en try  and in te rm ed ia te  qua ran tin e  
s ta tio n s; P hy to san ita ry  regula tions and th e  
tran sfe r o f  genetic resources.

International Regulatory 
Aspects for Pesticide Chemicals 
Volume 1 , Toxicity Profiles
G aston V e tto razz i. 1979. 2 3 2  pages. £ 4 5 .0 0  
C om prised o f th ree  m ain sec tio rs , th is  volum e 
ou tlines general princip les in toxicological 
evaluations, w ith  special em phasis on  testing  
p rocedures and principals of in te rp re ta tio n  of 
findings, as e labo ra ted  by in te rna tiona l bodies 
o f  ex perts  during th e  last tw o  decades. The core 
o f th e  volum e co n ta ins toxicological profiles 
on  each pesticide chem ical evalu ted  by th e  
J o in t M eeting. A p prox im ate ly  130 co m p ou n d s 
are listed giving a bird 's-eye-view  o f  essen
tials in ch em istry , m ajor uses, m etabolism , to x i
cological findings, no -effec t levels d e m o n stra ted  
in one or m ore anim al m odels, figures o f accep 
tab le  daily  in tak e  fo r m an , residues and  term inal 
residues and  m etabo lic  p ro d u c ts , ind ica ted  areas 
fo r  fu r th e r  research and a reference to  ex isting  
reviews on tox ico lo gy  and residues in fo o d .
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J O U R N A L  O F  F O O D  T E C H N O L O G Y :  N O T I C E  T O  C O N T R I B U T O R S
The J o u rn a l of Food Technology publishes original 
contributions to knowledge of food science and tech
nology and also review articles in the same field. 
Papers are accepted on the understanding that they 
have not been and will not be, published elsewhere in 
whole, or in part, without the Editor’s permission. Papers accepted become the copyright of the Journal. 
This journal is covered by Current Contents.

T y p escrip ts  (two complete copies) should be sent to the Editor, Dr H. Liebmann, c/o Institute of Food 
Science and Technology (U.K.), 105-111 Euston 
Street, London NW1 2ED. Papers should be type
written on one side of the paper only, with a 1J inch margin, and the lines should be double-spaced. In addi
tion to the title of the paper there should be a ‘running title’ (for page headings) of not more than 45 letters (in
cluding spaces). The paper should bear the name of the 
author(s) and of the laboratory or research institute 
where the work has been carried out. The full postal 
address of the principal author should be given as a footnote. (The proofs will be sent to this author and 
address unless otherwise indicated.) The Editor 
reserves the right to make literary corrections.

A rrang em en t. Papers should normally be divided 
into: (a) Summary, brief, self-contained and embody
ing the main conclusions; (b) Introduction; (c) Materials and methods; (d) Results, as concise as 
possible (both tables and figures illustrating the same 
data will rarely be permitted) ; (e) Discussion and 
conclusions; (f) Acknowledgments; (g) References.

R eferences. Only papers closely related to the 
authors’ work should be included; exhaustive lists should be avoided. References should be made by 
giving the author’s surname, with the year of publica
tion in parentheses. When reference is made to a work 
by three authors all names should be given when cited for the first time, and thereafter only the first name, 
adding et al., e.g. Smith et al. (1958). The ‘et ai.’ 
form should always be used for works by four or more authors. If several papers by the same author and 
from the same year are cited, a, b, c, etc. should be put 
after the year of publication, e.g. Smith et al. (1958a). All references should be brought together at the end of 
the paper in alphabetical order. References to articles 
and papers should mention (a) name(s) of the author (s) 
(b) year of publication in parentheses; (c) title of journal, underlined, abbreviated according to the 
World List o f Scientific Publications, 4th edn and supple
ments; (d) volume number; number of first page of 
article. References to books and monographs should 
include (a) name(s) and initials of author(s) or editor(s); year of publication in parentheses; (b) title, 
underlined; (c) edition; (d) page referred to; (e) publisher; (f) place.

S tan d ard  usage. The Concise Oxford English Dictionary 
is used as a reference for all spelling and hyphenation. Statistics and measurements should always be given in figures, i.e. 10 min, 20 hr, 5 ml, except where the 
number begins the sentence. When the number does not refer to a unit of measurement, it is spelt out except where the number is one hundred or greater.

A bbreviations. Abbreviations for some commoner 
units are given below. The abbreviation for the plural 
of a unit is the same as that for the singular. Wherever 
possible the metric SI units should be used unless 
they conflict with generally accepted current practice. Conversion factors to SI units are shown where appropriate.
SI UNITS
gram g Joule Jkilogram kg =  103 g Newton Nmilligram mg =  10”3 g Watt Wmetre m Centigrade °Cmillimetre mm =  10~3m hourmicrometre /un =  IO '6 m minutenanometre nm =  10-0 m secondlitre I =  10-s m 3
NON SI UNITS
inch in =  25-4 mmfoot ft =  0-3048 msquare inch in2 =  645-16 mm2square foot ft2 =  0-092903 m 2
cubic inch in3 =  1-63871 x 104 mms
cubic foot ft3 =  0-028317 m 3
gallon gal =  4-5461 1pound lb =  0-453592 kgpound/cubic

inch lb in -3 =  2-76799 x 104 kg m-3
dyne = 10“5Ncalorie (15CC) cal =  4-1855 JBritish Thermal

Unit BTU =  1055-06 J
Horsepower HP =  745-700 W
Fahrenheit °F =  9/5 T°C + 32
F igures. In the text these should be given Arabic 
numbers, e.g. Fig. 3. They should be marked on the 
backs with the name(s) of the author(s) and the title of 
the paper. Where there is any possible doubt as to 
the orientation of a figure the top should be marked with an arrow. Each figure must bear a reference 
number corresponding to a similar number in the 
text. Photographs and photomicrographs should be 
unmounted glossy prints and should not be retouched. Line diagrams should be on separate sheets; they 
should be drawn with black Indian ink on white paper and should be about four times the area of the final reproduction. Lines and lettering should be of 
sufficient thickness and size to stand reduction to one- half or one-th rd. Whenever possible, the originals of 
line diagrams, prepared as described above, should be submitted and not photographs. The legends of all the 
figures should be typed together on a single sheet of paper headed Legends to figures’.

T ables. There should be as few tables as possible and 
these should include only essential data; the data should not be crowded together. The main heading should be in bold with an Arabic number, e.g. T able 2. Each table must have a caption in small letters. Vertical lines should not be used.

O ffp rin ts . Fifty offprints will be issued free with each 
paper but additional copies may be purchased if ordered on the printed card which will be sent to the 
senior author with the proofs.
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