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A new co n cep t was in t r o d u c e d  to  cured  m eats  by th e  i n t r o d u c t i o n  o f  g lucono d e l t a  
l a c to n e  (GDL) a s  an  a d d i t i v e  d u r in g  th e  c u r in g  p ro c e s s  (U.S. P a t e n t s  2 ,9 9 2 ,1 1 5 ,  
2 ,9 9 2 ,1 1 6 ,  3 ,1 2 2 ,4 4 2 ,  and 3 ,3 9 1 ,0 0 6 ) .

The development of new additives to a particular food process may have great 
repercussions to an industry. The addition of ascorbates or erythorbates to m e a t _ 
e a r in g  in the United States some 10 years ago, helped greatly in the curing reaction 
The ascorbate developed a reducing condition in the meat mass and the nitrite in 
the cure more effectively reacted with the pigments thus accelerating the cure 
and also yielding products which were more light stable. The addition of ascorbates 
resulted in cured meat products with lower residual nitrite content.

The usage of ascorbates made it possible to develop continuous production lines 
Tor the manufacture of frankfurters. This resulted in a savings in labor and 
an efficiency in the manufacturing operation. With the development of continuous 
^mifacturing facilities, it became apparent that the cure color development 
factor during the manufacture of sausage, was a very important variable in plant 
Processing. In a continuous operation it was learned that in a heating cycle 
°f 30 minutes the cure color development, at times, was poor and the product may 
have gray cores. In a heating cycle of 1 hour, normal cure color development
c°u ld  o c c u r .

The factors involved in meat curing are reasonably well established involving:

T) The meat itself.

2> The quantity of cure used.

3) The addition of ascorbate or erythorbate for its reducing properties.

^  The acidity of the meat mass.

The a d d i t i o n  o f  GDL made i t  p o s s i b l e  to  c o n t r o l  th e  pH o f  th e  m eat m ass. The 
E d i t i o n  o f  a c id  to  a meat mass w i l l  s h o r t  ou t  th e  meat making i t  a lm o s t  im p o s s ib le  
to Produce a p e r f e c t  e m u ls io n .  GDL i s  a l a c to n e  w hich has th e  p ro p e r ty  of b e in g  
neut r a l  when b e in g  added to  a meat mass and th e n  s lo w ly  th e  GDL c o n v e r t s  to  
STuconic a c i d .  The a d d i t i o n  o f  GDL makes i t  p o s s i b l e  to  p roduce  an e x c e l l e n t  
P u l s i o n  and th e n  w i th  p ro p e r  h a n d l in g ,  th e  a c i d i t y  t h a t  i s  formed w i l l  a c c e l e r a t e  
and p e r f e c t  th e  c u r e .  Very s u b s t a n t i a l  q u a n t i t i e s  o f  GDL a r e  b e in g  used  m  meat 
Curin g  b u t  und er  norm al com mercial p r a c t i c e  i n  th e  U n ited  S t a t e s  i t  was found 
^ a t  GDL s t i l l  te n d ed  to  weaken th e  em u ls ion  and as a r e s u l t  i t s  u se  has  n o t  
katone w id e s p re a d .

need  f o r  a c u re  a c c e l e r a t o r  or an a c i d i f i e r  i n  a meat mass was e s t a b l i s h e d  
Through th e  use  o f  GDL. S tu d ie s  were conduc ted  to  f i n d  an a l t e r n a t e  to  GDu whic 
T̂°uld  y i e l d  e s s e n t i a l l y  th e  same r e s u l t s  b u t  which would have an ad v an tag e  i n  
be ing more s a t i s f a c t o r y  from a com mercial s t a n d p o i n t .  ^This  work le d  to  th e  
^ev®lopment of sodium a c id  p y ro p h o sp h a te  f o r  c u re  a c c e l e r a t i o n  (U .S. P a te n t  
J ’39l , 0 0 7 ) .

°nTy c e r t a i n  a c id  p h o sp h a te s  ap p e a r  to  be s u i t a b l e  i n  a d j u s t i n g  th e  pH of a meat 
lQass* T h is  i s  shown i n  T ab le  I .

2 01



TABLE I

P h o s p h a te  Used

Oz. to  
1 0 0  l b s .  
o f  Meat

pH of  
th e

Emuls ion
F i n i s h e d  F r a n k f u r t e r s  

pH V i s u a l  O b s e rv a t io n

Sodium Aluminum P hospha te 4 5 .60 5 .70 Good c o l o r  -  em uls ion
b ro k e .

Sodium Aluminum Phospha te 7 5 ,5 0 5 .6 Good c o l o r  -  emuls ion
b ro k e .

Sodium Acid P y rophospha te 7 5 .65 5 .75 Good c o l o r  -  good
em u ls io n .

Sodium Aluminum Phospha te ) 3 .5
T e t ra sod ium  P yrophospha te ) 3 .5 5 .80 5 .90 Gray -  good em u ls ion .

f The f r a n k f u r t e r s  were p l a c e d  d i r e c t l y i n  a smokehouse a t  250° F. (121° C.)  and
th e  h e a t i n g  c y c l e  was 15 m i n u te s .

In  l o o k i n g  a t  t h e  d a t a  i n Tab le  I ,  i t can be  s e e n  t h a t  when sodium aluminum
p h o s p h a te  i s  u sed  t h e  em uls ions  were  u n s t a b l e  b u t  w i t h  a lm os t  t h e  e q u i v a l e n t  
a c i d i t y  u s in g  a c i d  p y ro p h o s p h a te ,  p r o d u c t  was made w i t h  good c o l o r  and w i t h  good 
em uls ion  s t a b i l i t y .  By u s in g  a 50 /50  b l e n d  o f  a c i d  p y ro p h o s p h a te  and t e t r a s o d i u m  
py ro p h o sp h a te  t h e  pH of  th e  meat  mass was r a i s e d  to  5 . 8  and d u r in g  t h i s  h e a t i n g  
c y c l e  the  cu re  c o l o r  development d id  n o t  o c c u r .

I n  working w i t h  s h o r t  s c h e d u le s  d u r i n g  th e  h e a t i n g  p r o c e s s ,  t h e  pH o f  th e  meat  
mass becom es 'a  c r i t i c a l  f a c t o r  i n  c u re  c o l o r  deve lopment .  This  i s  shown i n  T ab le  U  
where we used  d i f f e r e n t  p r o p o r t i o n s  of  a c i d  p y ro p h o s p h a te  t o  t e t r a s o d i u m  pyrophosphs^

■ TABLE I I

pH o f  t h e ' 
P hospha te

Sodium Acid 
P y rophospha te

%

T e t ra so d iu m
P yro p h o sp h a te

%

Blend i n  a 
1% Water  
S o l u t i o n

F i n i s h e d
pH

F r a n k f u r t e r s  _  
V i s u a l  O b se rv a t io n

ze ro 1 0 0 1 0 . 1 6.25 Gray w i t h  brownish 
c a s t .

25 75 8 . 2 6.15 Gray w i t h  brownish  
c a s t .

75 25 5 . 9 5 .90 S l i g h t  p in k  w i th  
b row n ish  c a s t .

87 .5 12.5 5 .5 5 .75 Good c o l o r .

1 0 0 ze ro 4 . 3 5 .67 E x c e l l e n t  c o l o r .

I n  a l l  c a s e s  7 ounces  of  t h e  p h o s p h a te s  were  used  to  t h e  100 pounds o f  m e a t .  An 
a l l  meat  f o r m u l a t i o n  was used  and i n  a l l  c a s e s  7 /8  ounce o f  sodium e r y f h o r b a t e  
was added to  t h e  100 pounds o f  m ea t .  The f r a n k f u r t e r s  were f i n i s h e d  a t  250° F. 
(121° C. )  and t h e  l e n g t h  o f  t ime i n  t h e  smokehouse was 15 m i n u t e s .
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These r e s u l t s  p o i n t  o u t  t h e  p ro found  e f f e c t  t h a t  t h e  pH of  the  meat mass has  on 
cure c o l o r  development .  They do show t h a t  i f  t h e  pH o f  t h e  meat  mass i s  reduced  
s u f f i c i e n t l y ,  e x c e l l e n t  c u re  c o l o r  development can occur  w i t h i n  a 15 minu te  t i  
span w i t h  good em uls ion  s t a b i l i t y .

Var ious  a c i d i f y i n g  a g e n t s  have been  t e s t e d  f o r  c u re  a c c e l e r a t i o n  and i n  a lmost  
a l l  c a s e s  th e  a c i d i f y i n g  a g e n t s  w i l l  weaken th e  s t a b i l i t y  of  t h e  meat ernulsi  .
I t  i s  n o t  co m p le te ly  c l e a r  why th e  a c i d  p y ro p h o s p h a te  w o r k s _so e f f e c t i v e l y .  * t  
appears  as though t h e  p y ro p h o s p h a te  r a d i c a l  has  a f u n c t i o n  i n  m a i n t a i n i n g  qua 
of th e  meat  p r o t e i n  w h i l e  th e  a c i d i t y  of  th e  pho sp h a te  s a l t  has  t h e  f u n c t i o n  o_
,reduc ing  th e  pH o f  t h e  meat  mass to  g iv e  cu re  a c c e l e r a t i o n .

In t h e  U n i t e d  S t a t e s ,  t h e  law s t a t e s  t h a t  we can use  1 /4  ounce of  n i t r i t e  to  
100 pounds of  meat .  As you a r e  aw are ,  t h e r e  has  b een  p u b l i c i t y  c o n c e rn in g  th e  
s a f e ty  o f  n i t r i t e s  i n  meat  c u r i n g  from th e  s t a n d p o i n t  of  h e a l t h .  C e r t a i n  s c i e n t i s t s  
are conce rned  w i t h  t h e  r e s i d u a l  n i t r i t e  c o n t e n t  o f  cu red  m e a t s .

°ne approach  t h a t  has  been  s u g g e s t e d  i s  to  red u ce  th e  amount of  n i t r i t e  t h a t  i s  
added to  t h e  m ea ts .  The usage  o f  a lower l e v e l  of  n i t r i t e  r e s u i t s  i n  a  p o o re r  
f i n i s h e d  c o l o r  and a l s o  t h e  cu re  c o l o r  development t ime i s  i n c r e a s e d .  R a th e r  th a n  
go to  a lower  n i t r i t e  i n p u t  we can ask  o u r s e l v e s  as to  w h e th e r  i t  would n o t  be 
h o t t e r  approach  to  u se  the  c u re  more e f f e c t i v e l y .  This  can be accom pl i s  y
W i n g  a p r o p e r  r e d u c i n g  c o n d i t i o n  and a c i d i t y  i n  th e  meat  mass to  u t i l i z e  the  
cnre  e f f e c t i v e l y  and th u s  r e d u c e  t h e  r e s i d u a l  n i t r i t e .

h g r e a t  d e a l  o f  i n f o r m a t i o n  has  deve loped  b o th  i n  t h e  U n i te d  S t a t e s  and Europe 
shoWi ng t h a t  the  usage  of  GDL w i l l  r educe  th e  r e s i d u a l  n i t r i t e  c o n t e n t  o i  t  
f i n i s h e d  p r o d u c t . / s i m i l a r  e f f e c t  i s  o b t a i n e d  by th e  a d d i t i o n  of  a c i d  p y ro -  
Phosphate .  I n  a  commercial  r u n  i t  was found t h a t  th e  c o n t r o l  f r a n k f u r t e  - 
61  ppm r e s i d u a l  n i t r i t e  w h i l e  th e  a d d i t i o n  o f _8 ounces  of  a c i d  py rop h o sp h a te  t „  
the 100 pounds of  meat  reduce d  t h e  r e s i d u a l  n i t r i t e  c o n t e n t  to  3d ppm.

a second commercial  t e s t ,  t h e  c o n t r o l  f r a n k f u r t e r s  had a pH of  5 .90  w i t h  a 
res i d u a l  n i t r i t e  c o n t e n t  o f  7 5  ppm and the  finished f r a n k f u r t e r s  c o n t a i n i n g  
8 ounces o f  a c i d  p y ro p h o s p h a te  had a pH of  5 .80  w i th  a r e s i d u a l  sodium n i t r i t e
c° a t e n t  of  55 ppm.

W  Consumer and M arke t ing  S e r v i c e  (C&MS) of  th e  U n i te d  S t a t e s  Uepartment  of  
V i c u l t u r e  i s  p e r m i t t i n g  commercial  t e s t i n g  of  a c i d  p y ro p h o s p h a te  u n d e r J e d e r a  
I n s p e c t i o n .  We a r e  now p ro c e e d in g  w i th  a one month p r o d u c t i o n  run  a t  a p l a n t  - 
W t e r n  U ni ted  S t a t e s .  I n  t h i s  p a r t i c u l a r  p l a n t  they  have  a c o n t in u o u s  smokehouse 
W  t h e i r  cooking  and smoking c y c l e  i n v o l v e s  36 m in u te s .  At t imes  t h e  c u re  c 
W e l o p m e n t  has  been  u n s a t i s f a c t o r y .  By u s in g  8 ounces o f  a c i d  py ro p h o sp h a te  .he  
C° l ° r  development was e x c e l l e n t  and i n  th e  f i r s t  r u n  u s in g  t h i s  s y s tem ,  t  e 
^ s i d u a l  n i t r i t e  c o n t e n t  of  t h e  f r a n k f u r t e r s  was r educed  from .2  ppm t o  PP • 
W sm u ch  as th e  U n i ted  S t a t e s  Food and Drug w ish es  to  r e d u c e  t h e  r e s i d u a l  n i t r i t e  
W t e n t  o f  cu re d  m e a t s ,  t h e  usage  of  an a c i d i f i e r  o r  c u re  a c c e l e r a t o r  i s  e in g  
°°ked a t  w i t h  much i n t e r e s t .

The a d d i t i o n  of  a c i d  p y ro p h o s p h a te  to  s ausage  g iv e s  a p o s i t i v e  apP^ ° aC^ ^  
W t r o l .  The em uls ion  s t a b i l i t y  i s  e x c e l l e n t ,  t h e  p e e l a b i l i t y  o f  ^  p r o d u c t  
W e a r s  t o  be im proved,  and t h e r e  a r e  no a d v e r s e  t a s t e  e f f e c t s .  The b a c t e r  
° f th e  p r o d u c t s  i s  b e in g  e v a l u a t e d  b u t  t h e  r e s u l t s  would i n d i c a t e  somewhat b e t t e  
! tab i i i ty>  ^  u saae  of  8 ounces  of  a c i d  p y ro p h o s p h a te  to  t h e  1 0 0  pounds o i  mea 
g  W  m a n u fa c tu r e  of  s a u s a g e  w i l l  r ed u ce  th e  r e s i d u a l  n i t r i t e  c o n t e n t  of  th e  
f i s h e d  p r o d u c t  by 25 to  50%. The lower  pH o f  t h e  meat  mass makes i t  p o s s i b l e  

0 a c c e l e r a t e  c u re  c o l o r  development to  any d e s i r e d  e x t e n t .
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