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F o r m e r  i n v e s t i g a t i o n s  i n  o u r  I n s t i t u t e  h a v e  p r o v e d  t h e  p r e v a l e n c e  o f  n i t r i t e - c u r i n g  v s .  
h i t r a t e - c u r i n g  r e g a r d i n g  r a w  h a m .  B y  t h e  h e l p  o f  t h e  s o  c a l l e d  e q u i l i b r i u m  c u r i n g  
t e c h n i q u e  / t h e  N a C l + N a N 02+ w a t e r : m e a t  r a t i o  i s  k n o w n /  a  r e l a t i v e l y  e x a c t  a n d  u n i f o r m  
S a l t -  a n d  n i t r i t e - c o n t e n t  o f  t h e  c u r e d  m e a t  c a n  b e  a t t a i n e d .  O n  t h e  o t h e r  h a n d  t h e  u s e  
o f  K N O 3 a s  a  c u r i n g  a g e n t  c a u s e s  u n c e r t a i n t y  i n  c u r i n g  t i m e ,  m e a t - c o l o u r  a n d  n i t r i t e -  
c o n t e n t  p o t e n t i a t i n g  t h i s  w a y  a l s o  t h e  h i g h e r  r i s k  o f  n i t r o s a m i n e - f o r m a t i o n . I t  w a s  
n e v e r t h e l e s s  t o  b e  e l u c i d a t e d ,  w h e t h e r  t h e  l a c k  o f  n i t r a t e -  a s  n i t r i t e - r e s e r v o i r -  a n d  
/ e v e n t u a l l y /  l o w e r  n i t r i t e - l e v e l s  i n  t h e  h a m  c a u s e d  a  d e c r e a s e  o f  s h e l f  l i f e  o r  a n  
i n c r e a s e  o f  b a c t e r i o l o g i c a l  h a z a r d .  A s  f i r s t  t e s t  o r g a n i s m  S t a p h ,  a u r e u s  h a s  b e e n  c h o s e n ,  
b e c a u s e  o f  i t s  h i g h  t o l e r a n c e  a g a i n s t  s a l t s  a n d  l e w  w a t e r  a c t i v i t y .

Materials and methods

P i e c e s  o f  M u s c u l u s  s e m i m e m b r a n o s u s  / a b o u t  1000 g / w e r e  r e m o v e d  f r o m  s w i n e  c a r c a s s e s  
24- 48h  a f t e r  s l a u g h t e r .  W i t h  t w o  o f  t h e  s e r i e s  o f  e x p e r i m e n t s  D F D - m u s c l e s  w e r e  u s e d  
/ p H  6, 3- 6 , 5/ ,  w h i l e  n o r m a l  m u s c l e s  / p H  5 , 6- 5 , 8/ s e r v e d  f o r  t h e  t h i r d  e x p e r i m e n t .  E x t e r n a l  
f a t  a n d  c o n n e c t i v e  t i s s u e  w e r e  r e m o v e d  f r o m  t h e  m u s c l e s  a n d  t h e y  w e r e  f o r m e d  u n i f o r m l y  
t o  1 k g .  I n  a  s e r i e s  40 p i e c e s  o f  m u s c l e s  w e r e  u s e d  a l t o g e t h e r .
¿ t a p h .  a u r e u s  s t r a i n s :

C o d e  N o . T y p e E n t e r o t o x i n
p r o d u c t i o n

I s o l a t e d  a t

4 B o v i n e " C " U n i v .  o f  V e t .  S c i .
14 I n t e r m e d i a t e " D " II
73 I n t e r m e d i a t e " A " II

187 H u m a n " D " S t a t e  V e t .  C o n t r o l  S e r v i c e

^ 4^  s l a n t  a g a r / " T a k â c s  b a s i c  a g a r " / c u l t u r e s  w e r e  w a s h e d i n  s a l i n e  a n d  p h o t o m e t r i c a l l y

l n  t h e  d e e p e r  r e g i o n s  o f  t h e  m e a t  p i e c e s .  I m m e d i a t e l y  a f t e r  i n j e c t i o n ,  40 g  n i t r i t e -  
c ° n t a i n i n g  o r  40,8 g  n i t r a t e - c o n t a i n i n g  c u r i n g  s a l t  h a d  b e e n  r u b b e d  u n i f o r m l y  o n  t h e  
S u r f a c e  o f  e a c h  s a m p l e .  S u r f a c e  i n o c u l u m  o f  S t a p h ,  a u r e u s  h a s  b e e n  a d m i n i s t e r e d  t o g e t h e r  
* ' i t h  c u r i n g  s a l t s  g i v i n g  a  f i n a l  c o n c e n t r a t i o n  o f  1 x  I 06 c e l l s  p e r  g  m e a t ,  
p r o p o s i t i o n  o f  t h e  c u r i n g  s a l t s  / r e f e r r i n g  t o  o n e  k g  s a m p l e / .
P  34 g  N 02~ c u r i n g  s a l t  / w i t h  0,5  % o f  N a N Û 2/  +  6 g  N a C l ;
P  40 g  N a C l  a n d  0,8 g  K N O 3
P ©  c u r e d  p i e c e s  o f  m e a t  w e r e  k e p t  i n  p o l y e t h y l e n e  b a g s  a t  6-8 C f o r  t h e  d u r a t i o n  o f  

d a y s .  A s  n e x t  p r o c e s s i n g  s t e p  w e  p e r f o r m e d  t h e  p i c k l i n g  i n  n i t r i t e -  v s .  n i t r a t e -  
p n t a i n i n g  b r i n e ,  w i t h  t h e  f o l l o w i n g  c o m p o s i t i o n  p e r  1000 g  m e a t  / c a l c u l a t e d  f o r  r e a c h i n g  

e s i r e d  s a l t  c o n t e n t / :
• 48,4 g  N 02~ c u r i n g  s a l t  w i t h  0,5  % N a N 02, 8,5 g  N a C l  a n d  453 g  w a t e r ;
• 55 g  N a C l ,  1,14 g  K N O 3 a n d  453 g  w a t e r .  0

, U r i n g  h a s  b e e n  c o n t i n u e d  u n t i l  m a t u r a t i o n  i . e .  a b o u t  7-10 d a y s ,  a t  7 C ,  90 % r e l .  
p T O i d i t y .  o
. . p e r  c u r i n g  o n e  h a l f  o f  t h e  s a m p l e s  h a s  b e e n  u n d e r g o n e  a  6 w e e k  f r e e z i n g  a t  -18 C .  

h e r e a f t e r  a l l  t h e  p r o c e s s i n g  s t e p s  w e r e  i d e n t i c a l  w i t h  t h a t  o f  t h e  u n f r o z e n  h a m s ,  n a m e l y :  
e a t  t r e a t m e n t  f o r  6 h o u r s  a t  40 C f o l l o w e d  b y  a  12i l  d r y i n g  a t  r o o m  t e m p e r a t u r e  a n d  
b o r i n g  f o r  1 a n d  3 w e e k s  a t  12- 15° C .

P  9 s a m p l e s  h a v e  b e e n  t a k e n  a f t e r  e a c h  p r o c e s s i n g  s t e p  i . e .  n i n e  t i m e s .  A f t e r  t h e  f i r s t  
r ° c e s s i n g  s t e p  s a m p l e s  h a v e  b e e n  t a k e n  b o t h  f r o m  t h e  o u t e r  l a y e r  

. a b o u t  1 c m /  a n d  t h e  i n t e r n a l  p a r t s . n i t r a t e -  a n d  s a l t - c o n t e n t  o f  t h e  s a m p l e s
S t a p h ,  a u r e u s

a --- u. r------Nitrite
s W e l l  a s  D N a s e  t e s t  w e r e  p e r f o r m e d  a c c o r d i n g  t o  H u n g a r i a n  s t a n d a r d s  -------------

p h n t  was determined on Baird-Parker agar. Petri plates were incubated at 37°C for 24
p u r s .
p t e r  f u r t h e r  p r o c e s s i n g  s t e p s  w h o l e  1 k g  s a m p l e s  w e r e  g r o u n d  a n d  h o m o g e n i z e d  a n d  t h e  

®s t s  l i s t e d  a b o v e  h a v e  b e e n  c a r r i e d  o u t .
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R e s u l t s

A s  m e n t i o n e d ,  a f t e r  3- d a y s - s a l t  c u r i n g  S t a p h ,  a u r . - c o u n t  w a s  d e t e r m i n e d  b o t h  f r o m  t h e  
o u t e r  a n d  d e e p e r  r e g i o n s  o f  s a m p l e s .  B e c a u s e  o f  t h e  v e r y  s i m i l a r  r e s u l t s  / T a b l e  1/  w e  
c o n s i d e r  a s  v e r i f i e d  t h e  r a t h e r  h o m o g e n e o u s  d i s t r i b u t i o n  o f  t h e  m i c r o b e s  c i t e d .
W i t h  u n f r o z e n  s a m p l e s  t h e r e  i s  l i t t l e  a l t e r a t i o n  i n  S t a p h ,  a u r e u s - c o u n t  a f t e r  v a r i o u s  
p r o c e s s i n g  s t e p s  c o m p a r e d  t o  i n i t i a l  c o u n t .  S i m i l a r l y ,  n o  s i g n i f i c a n t  d i f f e r e n c e  h a s  
b e e n  f o u n d  i n  S t a p h ,  a u r . - c o u n t s ,  n o  m a t t e r  n i t r a t e -  o r  n i t r i t e  c u r i n g  h a s  b e e n  a p p l i e d  
/ T a b l e  1 / .  _
N i t r i t e - c o n t e n t  o f  n i t r a t e - c u r e d  h a m s  g r o w s  c o n t i n u o u s l y  a n d  a f t e r  a  s t o r a g e  o r  J w e e K s  
i t  r e a c h e s  a  m a x i m u m  v a l u e  o f  250-400 p p m .  A l t h o u g h  f i n a l  n i t r i t e  l e v e l s  w i t h  n i t r i t e  
c u r e d  m e a t s  / 20-70 p p m /  h a v e  b e e n  m u c h  l o w e r ,  n o  s i g n i f i c a n t  d i f f e r e n c e  c o u l d  b e  f o u n d  
i n  t e r m s  o f  s t a p h y l o c o c c a l  g r o w t h  b e t w e e n  t h e  s a m p l e s  d i f f e r e n t l y  c u r e d .
N i t r i t e - m a x i m u m s  w i t h  n o r m a l  m u s c l e s  / 3 . s e r i e s /  o f  n i t r a t e - c u r e d  s a m p l e s  s h o w  
s i g n i f i c a n t l y  l o w e r  l e v e l s ,  w i t h o u t  h o w e v e r  a n y  i n f l u e n c e  o n  g r o w t h  o f  S t a p h ,  a u r e u s .  
A f t e r  t h a w i n g  o f  f r o z e n  s a m p l e s  S t a p h ,  c o u n t  c o r r e s p o n d s  t o  i n i t i a l  l e v e l s ,  e x c e p t
1 . s e r i e s ,  w h e r e  s o m e  r e d u c t i o n  c a n  b e  o b s e r v e d  / f i g .  1- 2/ .  D u e  t o  p r o c e s s i n g  s t e p s  a f t e r  
f r e e z i n g  / a n d  t h a w i n g /  i n c r e a s e  o f  S t a p h ,  a c t i v i t y  i s  d e t e c t a b l e  a n d  t h i s  t e n d e n c y  c o n 
t i n u e s  u n t i l  t h e  e n d  o f  t h e  e x p e r i m e n t ,  e x c e p t  2 s t r a i n s  o f  s e r i e s  3 w i t h  n i t r a t e - c u r e d  
h a m s  / f i g .  1-2 / .
T h e  D N a s e  t e s t  p e r f o r m e d  a f t e r  e a c h  p r o c e s s i n g  s t e p  g a v e  a l w a y s  n e g a t i v e  r e s u l t s .

T a b l e  1 S t a p h ,  a u r e u s  c o u n t  a f t e r  s a l t i n g

i n  N O ,  -  c u r e d  s a m p l e s  i n  N O ,  -  c u r e d  s a m p l e s2 ______________ ___________________ _£______________________
ser. I ser. II ser. Ill ser. I ser.II ser. Ill

0X 1,2xl05 5,lxlO6 3,4xl06 l,lxl05 2,9xl06 2,9xl06
4 I 2,6xl05 1,3xl06 l,7xl07 3,3xl05 3,OxlO6 1,3xl07

0 2,8xl05 5,0xl06 l,3xl06 1,7xl05 2,9xl06 2,6xl06
14 I l,0xl05 1,3xl06 2,9xl06 1,7xl05 3,OxlO5 6,9xl06

0 l,8xl05 2,lxlO6 3,2xl06 2,9xl05 2,9xl06 2,3xl06
73 I 4,0xl05 2,8xl06 1,4xl07 4,6xl05 3,9xl06 5,OxlO5

0 5,4xl05 1,9xl06 2,8xl06 2,8xl05 2,lxlO6 l,7xl06
187 I 8,7xl05 l,5xl06 8,5xl06 6,OxlO5 6,9xl06 1,0x10

IIoX outer layer
I = inner regions
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/. Fig. I CHANGES OF STAPH. AUREUS COUNT 

IN NITRITE-CURED SAMPLES

Ig count

Fig2. CHANGES OF STAPH. AUREUS COUNT 

IN NITRATE-CURED SAMPLES
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D i s c u s s i o n

I t  h a s  b e e n  t h o r o u g h l y  i n v e s t i g a t e d  t h u s  w e l l  d o c u m e n t e d  t h a t  S t a p h ,  s t r a i n s  a r e  u n a b l e  
t o  c o m p e t e  s u c c e s s f u l l y  t h e  " n a t i v e "  f  « o f l o r a  i n  r a w  m e a t . ^  ^  ^  i n o c u l u m  w a s  m i x e d

L T f  G e S g e o r j i s  h i .  M c C o v  a n d  F a b e r  /  3/  a s  w e l l  a s  o t h e r  a u t h o r s  p r o v e d
t h a t  t h e  o t h e r  b a c t e r i a  p r e s e n t  i n  m e a t  g e n e r a l l y  i n h i b i t e d  t h e  g r o w t h  o f  S t a p h ,  a u r .  S o ,  
c i a L e s  o f  g r o w t h  f o r  S t a p h ,  a u r .  i n o c u l a t e d  o n t o  o r  r a t h e r  i n t o  r a w  m u s c l e  a r e  n o t  v e r y  
g o o d  b u t  s a l t i n g  a n d  p i c k l i n g  c a n  i m p r o v e  i t s  g r o w i n g  c o n d i t i o n s  b e c a u s e  h i n d e r e d " 3 
m i c r o f l o r a  i s  e l i m i n a t e d ,  y e t  g r o w t h  o r  s u r v i v a l  o f  S t a p h .  a u r e u s  15 n d  £  ¿ e l o w
S c o t t  f o u n d  o p t i m u m  g r o w t h  r a t e s  f o r  S t a p h ,  a u r .  a t  a  l e v e l s  o f  0,995 a n d  ° ' 9 9 ;
t h f e  l e v e l s  g r o w t h  r a t e s  d e c r e a s e  a s  a  f u n c t i o n  o f  a w  o f  t h e  m e d i u m .  N e v e r t h e l e s s  s l o w

S S 2 . i L :  ^ “ c Z u  S t a p h .  ~ u ; t  c P , e . Z i n g ,

l o n q e d  f r e e z i n g  p e r i o d ?  A s  t o  t h e  e v e n t u a l  i n h i b i t o r y  e f f e c t  o f  n i t r i t e  a n d  n i t r a t e  w e  
r e f e r  t o  t h e  a l r e a d y  c l a s s i c  r e p o r t  o f  L e c h o w i c h  e t  a l . / 5/  w h o  f o u n d  v i g o r o u s  S t a p h ,  
g r o w t h  i n  g r o u n d  p o r k  t h a t  c o n t a i n e d  a n y  p e r m i s s a b l e  a n d  p a l a t a b l e  c o m b i n a t i o n  o f  N a C  ,

G e n i g e o r g i f / f ’stated that concentrations of NaCl, nitrite, nitrate, initial pH and a, 
T o u nd^Tn^commercial sausage mixes will not inhibit Staph, growth even at numbers below

i f i s " k n o w n  that high pH and a values as well as law salt concentration promote the 
capability for enterotoxin formation of Staph, aureus and that critical levels of the 
m e n t i o n e d f a c t o r s  are different regarding the inhibition of staphylococcal growth or th

! f “ Z “ S £ no S i i S Z “ S s r™ Pmi,y';»!lg..t that changes of „ eat environment due to the various 
processing steps enabled the Staph, aureus strains for survival »  growth inhibiting 
at the same time the production of enterotoxin even w ith an initial count of lo /g. 
has Eeen cleanly s h L n ,  that use of nitrate in curing has no advantages compared to 
nitrite-curing with regard to Staph, aureus growth and enterotoxin production, w h i c h  in 
turn means that equal safety can be attained with both methods in this respect.
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